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2 • 

3. 

SUMMARY 

This rE:port prcserts the findings of a consultancy 
input to a feasibilicy study being carried out by the 
Industrial Projects Service on behalf of the National 
Metal Works Corporation of the Government of Socialist 
Ethiopia. The study is of the fsasibility of establish
ing a plant to manufacture low cost vehicles. Low cost 
vehicles are currently used t0 only a limited extent 
in Ethiopia, but are perceived as being appropriate 
to conditions in the country and as having significant 
potential to imrrove rural and urban transport 
faciliti~s and promote economic and social develop
ment. The proposed rl~nt is therefore iPcended both 
to create, and respond to, demand for low cost 
vehicles. 

Because the project is concerned with creation of 
demand, precise market data is not a ·ailable. However, 
demand estimates have been made based on available 
supply data, information on rural and urban transporL 
requirements, physical und econo1 ic conditions in 
Ethiopia, and comparisons with venicle usage in other 
developing countries. Based on these estimates a plant 
is proposed with a cdpacity to produce 12,500 bicycles, 
5,000 mctor cycles, 4,000 animal carts, 1,000 bicycle 
trailers, and 1,250 load carrying motor cycle attach
ments per annum. It is unusual to manufacture such 
a range of vehicles in a single plant, but it has 
advant~ges in the Ethiopian situation in creating 
demand for low cost vehicles, in making efficient use 
of production facilities at the output levels proposed, 
and in providing flexibility to meet changing demands. 
This flexibility is considered important, as is 
provision for longer term expansion of the plant to 
increase both the range and quantity of vehicles 
produced as ~he market develops. It is also recommended 
that the production of Basic Transport Vehicles, in 
a separate plant, be investigated further. 

The st~ndard heavy-duty roadster bicycle, of the type 
common in developing countries, is identified as being 
most appropriate to Ethiopia. Manufacture of this 
bicycle will require technical collaboration with an 
overseas source of technology. The mos'..: suitable 
collaborators, in terms of product design, production 
technology and cost, are Indian and Chinese 
manufacturers. At the proposed level of output, dbout 
soi by value of the bicycle components can be produced 
locally, the remainder being imported. Motor cycle 
production will focus initially on 125 cc models -
a trail bike for rural and off-road use, and a general 
purpose motor cycle for urban and on-road use, and 
tor load-carrying adaptations. A coll~boration 
agreement with an overseas manufacturer, most probably 
Japanese, will be required. Initially only about 11% 
by val~e of components will be produced locally, but 
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this can increase sut~~q~n~tly as the market grows, 
and the automotiv0 components industry in Ethiopia 
develops. 

Lt is rroposed that the plant shnuld concentrate on 
the manufacture of a range of wheel/axle assemblies 
for ani.!11,11 carts. These will be distributed to small
scale industries in different parts of the country 
to buill• into complete carts. Both pneumatic-tyred 
and steel-wheeled models will be produced, the former 
using a tyre developed specifically for animal-drawn 
carts. Two-wheeled trailers arc identified as the most 
suitable cargo-carrying adaptation of the bicycle. 
The d mand for low cost motorised load-carrying 
vehi::::les is best met, in the early years, by the supply 
of attachments to standard motor cycles. Two attach
ments ~re proposed, a sidecar and a pick-up/van, based 
on the extensive and effective use of these devices 
in the Philippines to provide rural and urban goods 
and passenger carrying services. The cart wheel/axle 
assemblie3, the trailer and the motor cycle attachm2nts 
can be prod~ced with a high local content, and do not 
require collaboration with an overseas source o[ 
~echnolo~y, except for the production of cart tyres. 
However, short-term technical assistan~e will be 
required tc establish production. 

In order to make the range of vehicles available 
quickly, and so meet the national economic objectives 
of the proje~t, tne development of production will 
be phased as :allows: 

Year 1 

Year 2 

Ye a r s 3 cm cl 4 

- ~ssembly of bicycles and motor 
cycles frorri imported SKD kits; 

- riroduction 0f carts, t r,1 i lcrs and 
•[t(·tor cycle attachments; 

- lo~al production of bicycle and 
motor cycle components. 

•ntie proposed plant will have manufacturing facilities 
fer orcssforming, tubo manipulation, machining and 
f<lbric1tion of steel rzn; matcri,ds, for painting and 
[1lati~g, and for upholstcry work, which will be used 
t,; pro.:.'t1cc componr•nts fo1- the different vehicles. 
I t w i l l .1 1 so ha v t • L:i c ~ l i t i C'. s for b r a z i n q o f bi c y c 1 (~ 
fr.:-.mu_; .ir·d forks, for the welding of motor cycle frl1mcs 
arid L.;r the final assembly of all r1roducts. 

The r L:rnt will consume about 510 ~r-nnes of steel per 
.::!r.nur .. , •:::f ·,.;!:ich 36~) tonnes of tubl: ;111d sheet wil 1 be 
s~pplieci b~ an Ethiopian manufacturer. The total cost 
of r<•'w m.•lt!rials, components u.nd process materials 
used per .urnum i•,; 11.5 million Birr, of which 6.7 
mill i.on 1.ii_n is iq;orted. The plant wil 1 use the 
serv _r.><; of c~xist i ny Ethiopian industries for the 
suppl-_. <)f ~Jicycle, ctnimal cart, and subsequently motor 
cycle, ··/re~ and L1bcs, for the manufacture of plastic-
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moulded, forged and cast components, f0r body bL:ilding 
and heat treatment, and fer the supply of packaging 
matcri·1ls. 

The plant will require an investment of about 3.15 
million 13irr in production equipment and tooling, 
storage and material handling facilities. Much of 
the equipment is standard manufacturing machinery which 
can be purchased on the world market. Special-purpose 
machinery and tooling for bicycle and motor cycle pro
duction will be supplied through the overseas 
collaborators. Some tooling, and many of the storage 
and material handling items, can be supplied from 
within Ethiopia. 

The pla2t will require a building of 32850 m2 , of which 
1,200 m ~s for manufacturing, 2,350 m for storage 
and 300 m for offices. It is recommended that the 
plant be located in the corridor connecting Addis Ababa 
and Nuzareth to provide good access for inputs, and 
efficient distributisn of products to different parts 
of the country. 

The plant will employ 122 production and ancillary 
workers and supervisors, and 4 technical management 
staff, at a cost of 425,000 Birr per annum. This does 
not include non-technical staff and management require
ments. An amount of 700,000 Birr is allocated to over
seas training of senior technical staff, in-plant 
training and technical assistance provided by the over
seas collaborators, and technical assistance to 
establish production of carts, trailers a~d motor cycle 
attachments. 

Based on the technical analysis, preliminary estimates 
have been made of the prices of vehicles produced by 
the plant. These show that, including allowances for 
import duties and taxes, bicycles and motor cycles 
can be made available at subst3ntially lower prices 
than current imports, and that the other products can 
~e supplied at price levels expected to generate the 
predicted demand. 
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2. INTRODUCTION 

2 . l Background to ~he Study 

By contract Heference No. 85/51/HQ I.T. Transport Ltd. was 
commissioned by UNIDO to provide the services of a consultant 
on low cost vehicles, Mr. I. Barwell, ta assist the Ethiopian 
rndustrial Projects Service (IPS) in preparing a study of the 
potential of a low cost vehicles assembly plant in Ethiopia. 

IPS is a consultancy house established under the Ministry of 
Industry of the Government of Socialist Ethiopia to carry out 
industrial project studies. IPS has been commissioned by the 
National Metal Works Corporation to carry out a study of the 
feasibility of establishing a plant for the assembly and 
manufacture of low cost vehicles. The range of low cost vehicles 
identified for inclusion in the study were: 

- animal-drawn carts and carriages; 
- bicycles and tricycles; 
- motor cycles and motor scooters; 
- motor cycles and sidecars; 
- three wheeled vehicles and vans. 

This range of vehicles was envisaged as being suitable for trans
porting people and products in urban and rural areas. The study 
was perceived by the Ministry of Industry, of which the National 
Metal Works Corporation is a part, jn the context of creating 
a demand for vehicles which are either unknown, or used only 
to a limited extent in Ethiopia at present (bicycles and motor 
cycles are imported in limited quantities, and horse-drawn 
carriages arc used to provide passenger transport services in 
some urban areas). Low cost vehicles are perceived as being 
appropriate means to make a significant contribution to improving 
transport facilities in Ethiopia, a country which has low income 

els, a limited road network, and scarce foreign exchange 
. :sources to import conventional motor vehicles and petroleum 
fuel. 

Only limited work on the subject has be~n undertaken in Ethiopia 
prior to the feasibility study, although a study on bicycle 
production was carried out by 3 consultant in 1982 but was 
considered unsatisfactory for implementation. The Chinese have 
recently made an outline proposal for the establishment of a 
bicycle assembly plant. IPS commenced work on the feasibility 
study in July 1985 and the final report is du~ to be submitted 
to the National Metal Works Corporation in March 1986. 

2.2 Consultant's Terms of Reference 

Detailed Terms of Reference for the consultant's assignment arc 
presented in Annex 1. The consultant's visit to Ethiopia was 
made in the early stages of the study and essentially his role 
was to make inputs into technical aspects of the study. In 
summary, the consultant's tasks were as follows: 

-4-
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Market and Capacity Study 

i) 

ii) 

iii) 

based on projected demand levels, identify the 
types of low cost vehicle appropriate for 
Ethiopi~, ~nd the economic scale of production 
or assembly that would be justified; 

select the suitable technology for the type and 
scale of production envisaged; 

assess the possibility of fabricating some of 
the components for low cost vehicles in existing 
industries, and indicate the costs involved; 

Materials and Inputs 

iv) evaluate the use of locally available materials 
and processing technclogy to develop locally 
manufactured content; 

v) select the appropri~te materials and processing 
technology to develop locally mar1ufactured 
cor,ten t; 

vi) estimate the annual cost and requirement of 
components, materials and inputs, prepare a 
chart showing the flow and balance of these 
items, and determine the types and sizes of 
facilities required for handling and storing 
them; 

Location and Site 

vii) identify and evaluate alternative options for 
the most appropriate location and site; 

•rechnology 

viii) survey the evolutionary develorment of low cost 
vehicle manufacturing tec~nologies, drawing on 
experience of other developing countries; 

ix) 

X) 

xi) 

identify and define the stages in developing 
l o ca 1 m n nu f <l ct u re , s c t c r i t e r i a [ o r q r z1 d u a l 
localisatiori of component supplies, sf:lect the 
appropriate technology for such growth, and 
indicate alternative commercially available 
sources of such technology that would enhance 
this process; 

describe the assembly process at initial and 
subsequent stages by type of low cost vehicle; 

draw \.lP guidelines (or designing a plant and 
process l<lyout; 
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xii) work out quality requirements, standarcs and 
specifications for each type ot low cost vehicle 
and design adequate quality control systen.s and 
procedures; 

Manpower 

xiii) determine the total direct and indirect manpower 
requirements by function; 

xiv) reconunend the type, number and duration of 
expatriate assistance required for the transfer 
of ~echnology and know-how; 

xvi spe2ify suitable training programmes for the 
production personnel. 

In order to carry out the assignment, Mr. Barwell visited 
Ethiopia from 20th August to 4th October 1985. A list of persons 
met is attached as Annex 2. 

2. 3 Approach to the work 

The approach to the work in Ethiopia •vas conditioned by three 
factors; 

i) the subject of low cost vehicles is new to 
Ethiopia; 

i i ) the input W3S made in the early stages of the 
feasibility study; 

iii) although IPS had prepared in advance a review 
of relevant market data (population, road 
network, vehicle stock, urban trans~)ort in Addis 
Ababa, rural crop production and access to 
markets), no detailed projections of demand ior 
low cost vehicles were available. 

It was considered important to improve the familiarity with, 
and understanding of, low cost ve~icles and the range ot means 
of transport encompassed by the term, among the IPS project 
team. A slide presentation was therefore given to the project 
team early in the visit, ~nd subsequently repeated for the 
Vice-Minister of Industry . A list of general references that 
provide background information on low cost vehicles relevant 
to the study was prepared, and IPS have now obtained most of 
these. (These references arc detailed in Annex 3, which also 
lists references specific to Ethiopia used in the work). A brief
ing note was prepared at the start of the visit sununarising the 
whole range of low cost vehicle options and their transport 
characteristics, to provide a framework for the more detailed 
investigations dur inq the study. This note is at tachcd ,as Annex 
4 . 

1. A copy set of the slides has been forwarded to IPSi 
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for this study, which is concerned with the creation of demand 
for products new to Ethiopia, the realistic estimation of demand 
is more difficult than for an import substitution project, or 
for one concerned with the processing of local raw materials 
for exrort. However it was considered cssE:.ntial to devote some 
ttme and effort to making demand estimates, based on assessment 
of thL tyt-JcS of low cost vehicles most immediately relevant to 
Et-_hiopia. These were necessary in order to define the most 
appropridtc design and [Jroduction tcchnolog~es, to determine 
the level of local content that can be achieved, and to define 
the characteristics of a plant for the production of low cost 
vehicles. One source of information used in making the demand 
estimates was comparative data on the use of low cost vehicles 
in other developing countries of Africa and Asia. However, it 
is important to recognise that the demand estimates presented 
in this rerort involve a number of assumptions, and it is 
dL'sira.ble th.:i.t the IPS project team put some effort into refining 
these estimate~ during the remainder of the study. It is also 
mportant to understand that, because low cost vehicles are to 

a large extent new to Ethiopia, demand will develop over a period 
of time, particula~ly if supported by policy measures to 
encourage such mea.ns of transport. Account has therefore been 
taken of the need to provide flexibility for the plant to expand 
')utput, to increase tne range of vehicles produced, and to var; 
~he mix of ~roducts. 

Having prepared preliminary demand estimates, the major part 
of the consultant's time in Ethiopia was devoted to analysis 
of the various technical aspects of vehicle design and 
manufacture. Because of the need to focus on the demand issue, 
and the importance of ma~ing the maxi~um input on technical 
aspects, it was agreed with the IPS project leader that the 
subject of plant location and site should be covered in less 
depth than envisaged in the cons~ltant's Terms of Reference. 
It was aqrccd ttn t the consu 1 tan t shou 1 d def inc the key 
considerations, but that final recommendations on choice of 
location and site will be made by the IPS project team. 

The c1r<1ft reµort was submitted to UNIDO in Vienna and IPS in 
l\ddis 1\h,1ba at the~ br:-ginning of November 1985. This final version 
of the report, which incorrorates a number of minor modifications 
and corrections to the-' text, has been prepared fol lowing 
<1cceptance of the draft report by UNIDO. 

The main body of the report is divided into five Chapters (3-7) 
while the more detailed technical and production data is 
['L"cscntcd in a scr ics of l\nncxes. Since this report rcpresent'3 
one input into trw fc<>sibility study, with the main focus on 
~echnical aspects, it is not appropriate to use the standard 
UNIDO ·;'port form,1t for such studies. However elements of this 
format have been used wherever feasible to facilitate the 
prcp<Hation by IPS the final report. 

Chapter 3 reviews the present transport situation in Ethiopia 
and disc~sses the role of low cost vehicles in improving trans
port facilities. I~ identifies the low cost vehicles most 
relevant to Ethiopia and presents a preliminary estimate of the 
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demand foe such vehicles. It discusses the issue of the capacity 
of the plant and defines the output figures used in the detailed 
engineering analysis. It also summarises the marketing and 
policy measures that might be applied to maximise the demand 
for low cost vehicles. 

Chapter 4 discusses the various design options for the low cost 
vehicles defined as being most relevant to Ethiopia, identifies 
the most appropriate designs, and surrunarises the evolution of 
these technologies in other countries. It reviews the alternative 
production technologies for the vehicles, identifies those most 
suitable for Ethiopia, and discusses the sources and mechanisms 
for technology transfer. The last section indicates guidelines 
for developing the locally manufactured content. 

Chapter 5 presents, with the aid of technical annexes, the 
detailed production e~gineering analysis of the vehicles. It 
starts with a review of the present capability of relevant 
industries in Ethiopia, of local and imported sources of 
materials, and of labour costs. It then details the proposed 
manufacturing methods for the vehicles, giving information on 
equipment, tooling, materials and labour requirements. 

Chapter 6 draws together the information from the analysis in 
Chapter 5 to present a review of the proposed low cost vehicles 
industry. It summarises the role of the proposed plant and 
ancillary industries, and discusses the opti~ns for phasing the 
introduction of vehicle ~ssembly and the local manufacture of 
components. It presents an analysis of the physical facilities, 
plant and equipment, materials and inputs, quality control pro
cedures, staffing, training and technical assistance required. 
Finally it presents a preliminary financial analysis of the 
uroposed plant. 

~hapter 7 presents recommendations on various issues that require 
further attention by the lPS project team during the remainder 
of the feasibility study. 

2. 5 Note on Units 

All costs have been expressed in Ethicpian Birr. Howevec, it 
has been necessary to convert a number of costs and prices from 
foreign currencies and the following exchange rates, prevailing 
at the time of the visit, have been used: 

2.07 Birr = l US Oollar 
2.8 Birr = l Pound Sterling 
0.73 Birr = 1 German Deutschmark 

All dates are expressed according to the int~rnational calendar 
rather than the Ethiopi<ln calendar (E.C. ). 

-8-
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3. MAH'.~E'l' DEMAND AND PLANT CAPACITY 

3. l !~,,.~·kg round 

This Chapter presents an estimate of the dPmand in Ethiopia for 
the various types of low cost vehicle under consideration in 
the feasibility study. A realistic estimate of demand is the 
necessary starting point for defining: 

ii the types of low cost vehicle which are most 
appropriate for Ethiopia; 

ii) the technologies for their assembly and 
mar.ufacture; 

iii) a viable industrial project. 

The figures presented here are initial working estimates of 
demand, involving a number of assumptions, used as the basis 
for the detailed analysis of vehicle options and technologies. It 
is desirable that further, more detailed demand analysis be 
carried out during the course of the feasibility study to refine 
these estimates. 

It is useful to review the reasons for examining the feasibility 
of a low cost vehicles plant. The present availability of trans
port facilities in Ethiopia is limited, in terms both of the 
extent of the road network and the r.umber of motor vehicles. The 
shortage of foreign exchange means that the import of motor 
vehicles, and petroleum fuels for their operation, is 
restricted. Import of private motor vehicles is currently 
severely restricted, and fuel is rationed. Given the experience 
of other developing countries in Asia and Africa in the use of 
low cost motorised, animal drawn and pedalled vehicles, it is 
considered that the development of the use of such vehicles could 
offer national economic benefits in Ethiopia by: 

i) improving the transport facilities available in the 
country and hence assisting agriculture, service and 
other industries while limiting the foreign exchange 
cost of such facilities. In particular, low cost 
vehicles can: 

* 

* 

provide means of personal goods and passenger 
transport which, because of their low capital 
cost are dVailable to a greater number of people 
than conventional vehicles; 

be used to provide transport services in urban 
and rural areas for the movement of people and 
goods; 

because of the ability of certain types of vehicle 
to operate on low quality roads and tracks, 
provide a means of improving transport facilities 
for rural farmers despite the limitations of the 
rural road network; 
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lll providing the basis for an economically viable 
industrial project. 

It should be noted that, to the extent to which the efficient 
use of low cost vehicles can be encouraged as a substitute for 
more' expensive convcntiona 1 motor vehicles, there is a direct 
benefit in foreign exchange cost of vehicles and fuel. However, 
another role of low co3t vehicles will be to complement the 
services that can realistically be provided by conventional motor 
vehicles, and therefore, to improve the overall facilities 
available for the transport of people and goods. 

it is important to understand that, since most of the low cost 
vehicle options cunsidered are at present unknown, or used only 
to a limited extent, in Ethiopia, precise estimates of demand 
arc difficult. One would expect the demand for low cost vehicles 
to evolve and develop as they become more easily available, as 
people become more aware of their potential, and as measures 
to 2ncourage th9ir use are applied. However, it is necessary 
to identify those particular types of 10w cost vehicle which 
provide the most appropriate basis for a local industry, and 
to make realistic estimates of demand, in order to prepare a 
viable industrial project. 

J.2 The Transport Situation in Ethiopia 

Table 3.1 presents data on road and motor vehicle densities for 
selected developing countries in Africa and Asia. One must be 
careful in drawing comparisons between different countries 
because definitions of what constitutes a road vary, population 
estimates are often approximate, ard registration categories 
differ from country to country. However, the figures illustrate 
the limited transport facilities available in Ethiopia at 
present. The road network consists of about 17,000 km of all 
weather routes and 23,000 km of dry weather routes. This is low 
in relation to population and L:rnd area. However, it is com
parable with Egypt which is of similar population and land size, 
hut has significantly higher per capita GNP. The vehicle popu
lation is also ver\ low, with a total of about 60,000 vehicles 
in a country of 40 m.J.llion people. However, the table docs not 
include some countries, for example China and Laos, where con
ventional motor vehicle densities are low, but for which precise 
figures arc not available. These countries make extensive use 
cf low cost vehicles, including motor cycles. Table 3.2 presents 
data on vehicle registrations for the period 1971/72 to 1983/84. 
This gives a breakdown by category of the stock of motor 
vehicles, and illustrates that its growth has been fairly slow 
(about 20% in the last five years). For several years there have 
been no imports of private motor vehicles which involve the flow 
o: foreign exchange out of the country. Since early 1985 imports 
of private motor vehicles have been banned, and government 
imports are restricted by availability of foreign exchange. 
Restrictions on fuel LlSe have been tightened with nationwide 
rationing for private and business use. Restriction on government 
fuel use is imposed by control of vehicle usage. In these 
circumstances, rapid growth of the vehicle stock is unlikely 
in the short term. 
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- - - - - - - - - ---------
TABLE 3 . 1 : COMPARATIVE TRANSPORTATION DATA FOR DEVELOPING COUNTRIES IN AFRICA AND ASIA 

Population GOP/ Population Road Motor Motor Road Vehicle Mocor Cycle 
(Million) Capita Density Network Vehicles Cycles Density Density Density 

us ti Per sq/krr. 'ODO km 1 000 'DOD krn./sq km Per 'DOD Per 1 000 
Population Population 

Ethiopia 40.8 1 2 s 33.4 37.50 58.28 1 • 2 g 0.03 1 . 4 3 0.03 

C.A.R. 2.2 796 4.C 22.56 125.53 80.35 O.C4 57.06 36.52 

Cameroon 8.4 8 51 18.0 63.78 1 i ~. 50 43.00 0. 1 3 1 4 • 1 1 5. 1 2 

Egypt .:..2. 0 464 L• 2. 0 30.09 878.70 1 7 7. 30 0.03 20.92 4.22 

Kenya 1 6 • 4 426 28.0 64.58 1 71 • 07 16.78 0 • 1 1 10.43 1 • 0 2 

Mauritius 1 . 0 1002 535.0 1 • 7 9 71 • 4 5 27.44 0.96 71 . 4 5 27.44 

Morocco 20.3 876 45.0 57.53 730.67 18.46 0. 1 3 35.99 0.91 
I = Nigeria 7 7. 1 1 3 9 2 83.0 107.99 633.27 287.12 0. 1 2 8. 21 3.72 
I 

Tanzania 1 7. g 275 1 9. 0 5 3. 61 105.68 25.00 0.06 5.90 1 • 4 0 

Zimbabwe 7.4 744 1 9. 0 170.40 286.70 1 9. S4 0.44 3 6. 31 2.69 

India 693.9 230 21 1 • 0 1604.10 3551. 30 1678.10 0.49 5. 1 2 2.42 

Indonesia 1 51 • 9 460 80.0 154.34 5879. ·15 4135.68 0.09 3 8. 71 27.23 

Korea 33.0 1 5 34 386.0 54,60 1313.94 528.80 0.55 34.58 1 3. 9 2 

Pakistan 82.4 339 103. 0 94.99 605.95 325.61 0. 21 7. 3 5 3.95 

Philippines s 1 . 0 696 170.0 154.42 990.74 186.99 0. 51 19.43 3.67 

Thailand l. 7 . 7 702 93.0 7 2. 1 5 2127.44 1140.70 0. 1 4 44.60 23.91 

"' 



TABLE 3.2: MOTOR VEHICLE REGISTRATIONS IN ETHIOPIA 1971/72 - 1983/84 

Motor Private Taxis Govt. Aid and Small Small Large Buses Total 
Cycles Cars UN Buses Trucks Trucks 

Agencies Trailers Etc. 

1971/72 954 26158 1572 3435 768 1 i ,:'. j 2165 5543 41 71 8 

1972/73 1 020 29165 2027 4337 1 078 1261 2465 6122 !~7475 

1973/74 1083 30577 1973 4554 1 2 21 1248 2666 7038 ')0360 

1974/75 982 33014 1721 4616 1462 9 61 2 41 5 6971 52142 

1975/76 546 34012 2004 5470 1750 974 1 9 5 7 7569 54282 
I 1976/77 599 29728 1988 5668 1206 1 048 2026 51 61 47424 -
_; 

1977/78 300 29410 1404 5923 1148 786 2630 3686 45287 

1978/79 325 26697 3091 6701 1052 2 0 31 4247 6720 50864 

1979/80 335 29560 2 71 5 8224 1 11 9 1 5 8 8 4412 7873 55827 

1980/81 650 28459 2883 8668 1 21 7 2146 3863 7 41 2 55298 

1981/82 1 34 9 28537 3302 8762 1825 1782 3660 7675 56892 

1982/83 1 291 27279 3260 1 1 6 Q 2 2566 3591 3480 7256 60325 

1983/84 1 292 27047 3410 12945 2745 31 36 3328 7 81 3 61 71 6 

._ _________________ _ 
~ 
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Table 3.3 gives data on the private use of motor vehicles in 
Addis Ababa. It is dr~wn fcom an urb3n passenger transport survey 
carried out in the city in 1984, and is nat directlv comparable 
with the registration data since the figure for car~; includes 
taxis and minibuses, and vehicles owned by firms or public bodies 
hut used by employees for their personal transport. However, 
it docs indicate that a high proportion of passenger vehicles 
arc concentrated in Addis Ababa, so that availability in other 
pents of the country is lower than the overall figures indicate. 
Another implication is that, even in the capital city, less than 
10% of the estimated 300,000 households own any means of wheeled 
tr~nsport. It is understood that public urban bus services 
operate only in Addis Ababa, Asmara and Jimma and, while blue 
taxis have become a significant means of urban transport in Addis 
Ababll, similar services operate i11 very few other cities. Of 
total urban trips in Addis Ababa, most of these under 20 minutes 
duration, and 56i of those over, are by walking. Of total trips 
12~ are by bus, and nearly 10% by taxi. A major reason for the 
predominance of walking is low income levels. However other 
reasons arc poor infrastructure in some areas and, for higher 
income groups, the discomfort of public transport. 

TABLE 3.3: OWNERSHIP OF TRANSPORT MEANS IN ADDIS ABABA 

Means of Transport 

Car 

Motor Cycle 

Other 

Nothinq 

Number of Owners 

23,686 1 

390 

2,496 2 

916,942 

To tci l 9 4 3, 5 1 4 3 

l. Includes taxis and minibuses, and cars owned by firms and 
public bodies but available for the employee's personzll 

2. 

3. 

use. 

Mostly bicycles. 

This total figure is the population over 10 years of age. 
Note that of these, 396,350 are between 10 and 20 years 
of uge. 

Inter-urb~n trunsport is provided primarily by privately 
operated, but nationally regulated and licenced, services using 
buses of different types and sizes. Small towns arc often con
nected by "blue taxi" type vehicles, including some with four 
wheel drive, for distances up to 80-100 km. 

-13-

' 



The ava11ability of low cost vehicles in Etnio~ia is also low. 
International data is limited for non-motori~9d vehicles because 
they arc not normally required to be registered. However, Table 
3.1 su~gcsts that the stock of motor cycles is small, and there 
arc very few low cost motorised passenger or goods carriers in 
the country. As subsequent discussions show, use of bicycles 
and animal carts, the two low cost vehicles most widely fou~d 
in d•.·vcloping countries, is also low. The rural use of c1nirnal 
~arts tor goods carrying is very rare. 

Twc ·haracteristics of Ethiopia contribute to the limited 
av.1, li.1bility of tri.1nsport facilities. First, GNF per c<1pit.:t is 
am .'JSt t:1e lowest in the world, and is lower than in oth..:·r 
deVL'lopi:HJ countries with which comparisons can most usefully 
be m.:tdr. Second, the terrain in Ethiopia is difficult in many 
rural .rncl urban areas, making the construction of roads more 
cx[i,·nsive, and the operation of ciny type of vehicle more 
rli fficult, than in many other countries. There arc certain 
positive features to the present transport situ.:ttion which ar0 
relevant to analysis of the demand for low cost vehicles: 

i) the fares charged for public passenger transport 
servies are relatively low. The standard fare for any 
urban bus journey in Addis Ababa is only 15 cents. The 
blue taxis, which provide a more convenient and flex
ible service, charge only 50 cents for journeys up 
to 5 km. Similarly, long distance bus fares are low; 

ii) one means of low cost transport that is common in 
Ethiopia is the horse-drawn carriage, the "gari·. These 
are widely used in the smaller cities and towns, whcr~ 
public buses do not operate, to provide passenger 
services. 

iii) a particular feature of fthi0pia is the extensive use 
of pack onimals (donkeys, mules, horse's and camels) 
hy farmers for rural transport. 

'l'i1bl1.• 3.4 gives a breakdown of work animal ownership by rcqion. 
The Table is based on data from about 15 years ago but 9ivcs 
a reasonable indication of the level of ownership. Note that 
draught cattle are used primarily for cultivation (ploughing 
etc.) while donkeys, mules and horses arc used primarily as pack 
<rnim,1ls for transport. While rurill people still have to walk, 
these pilck animals eliminate, for those who own thcrr, much of 
ttw physical burden of fctchin<J water and firewood, bringinq 
crops to market Cl~d carrying purchoses back to the home. Pilrt 
of the incentive in some other countries to develop the rural 
use of animal carts, bicycles etc., has been that, in the absence 
of pack animals, rural people have to carry these loads them
~;elvcs. However, there is a limit to the transport copacity that 
can be provided by pack animals bcfor2 it becomes worthwhile, 
except in steep terrain, to use a more efficient method. 
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TABLE 3.4 OWNERSHIP OF WORK ANIMALS HJ RURAL AREAS 

·~ Of Households Owning 

Hegion 

Arsi 
Bale 
Garno Gofu 
Go j jam 
Gondar 
Harerge 
Il lubabor 
Kef f < 

Shoa 
Sidamo 
Tigrae 
Wel lega 
Wel lo 

Average 
(Excluding 
Eritrea) 

Draught 
Cattle 

61 
50 
25 
57 
67 
39 
41 
48 
54 
17 
57 
43 
59 

49 

-----

[Jc :1 ~nyc; 

- -- -

3 ·,_! 

rn 
I 

_) 

16 
28 
23 

2 
2 

23 
5 

24 
10 
25 

18 

M· il es Horses Camels 

9 35 0.20 
7 25 0.20 
4 3 0 
1 6 0 
3 5 0.20 
3 1 0.50 
4 5 0.10 
6 6 0 
6 17 0.05 
5 10 0.05 
J 1 1. 00 
4 3 0.05 
5 5 0.05 

5 9 0.15 

Data not available for Eritrea and Nomadic Areas. 

3.3 Low Cost Vehicle Options 

Detailed below is the range of low cost vehicles selected for 
demand analysis. It is convenient to divide the vehicles into 
three categories: 

i) 9ersonal transport - those vehicles which will 
primarily be used by individuals, firms or government 
agencies to provide personal transport, or to move 
limited quantities of goods, in rural or urban areas; 

ii) rural farmer transport - those vehicles which will 
primarily be used by far~ers for the movement of 
themselves, their families and their goods; 

iii) service vehicles - those vehicles whose primary role 
is to of fer passenger or goods services in urban or 
rural areas. Some might also be used by firms or public 
agencies to provide goods or passenger transport. 
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~-------------~~--- ---------------------

Bicycle 

Bicycl;:' and 
Trailer 

Motor Cycle 

/\nimol Cart 

Si ncJ lc-/\x l c 
T r<:1 c to r Cl n d 
Troiler 

Com~on•t ~c~arded as th2 ~asic means of pcrson<ll 
transpl>rt in 1Jrb<ln and rural areas of developing 
count· ic::>. It provides mcbility at low cost, 
rcqui~· ,,, n.' petroleum fu0l, and is frequently 
used d~; <I l >Cit: Cllrri<.'r <1s wc~l l. 

Th(' use l'f a ;lctachablc trailer increases lolld 
c:L:-ryin1 capa·.ity while ret~ining the convenience 
CJf the bicyciE a.lone for personal transport. It 
h.1s both urb;rn ar.d rural applications for persono l 
use, for collcLti~n and delivery of goods, ond 
in some types o~ institution. 

The cheapest means of motorised personal trans
port, it offers a high degree of accessibility 
in urban and rural areas but has limited load 
carrying capacity. It is available in a wide 
variety of specifications, of which those most 
relevant to Ethiopia lire: 

* 

* 

The moped, which is the cheapest form of 
motor cycle, suitable for personal transport 
in urban areas; 

The "general purpose·, typically 125 cc, 
motor cycle able to carr~· one or more 
passengers, or a cargo load. It is suitabl~ 
for use on reasonable roads in urban or rual 
areas, and for longer journeys than a moped; 

The "trail bike' suitable for use hoth on 
and off road. Often used by firms and public 
aqenc1es for staff transport in rural arnas. 

I\ common means of transport for small farmPrs 
in many developing countries where draught animals 
arc used in agriculture. Two wheeled cllrts, drown 
by a donkey or a pair of oxen, arc relevant to 
Ethiopi.1. 

The single axle tractor is a low cost tractor 
capable of on field operations in soft soils, 
and of powering stationary agricultural equip
ment. Fitted with a trailer it also provides ci 

means of transport for the farmer. 

St?rvicc Vehicles 

Tricycle Based on bicycle technology, these pedalled three 
wheelers arc widely used in parts of Asia to 
provide urban passenger services and, with a 
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l\nim<1l Dr<.wn 
C<1rriC1gc 
(gari) 

Motor Cycle 
Sidecar 

Motor Cycle 
Vtl.n/Pick Up 

Motor :..:'.ycle 
Based Three 
Wht>cler 

and 

Basic Transport 

different Lype of body, for short distance u~ban 
or rural goods transport. However, passenger use 
is considered socially unacceptahle in many 
countries, and the more likely application in 
Ethiopia is for goods movement. 

l\ horse-drawn ~wo wheeled cart with seating for 
three people. l\lready commonly used in Ethiopia 
to provide passenger services in smaller urban 
centres, and in the peripheral areas of large 
cities. 

Extensively used in the Philippines, based on 
a 125 cc gener~l-purpose motor cycle. It has the 
flexibility to provide a variety of different 
services: 

* 

* 

* 

Urban passenger movement, either as a short 
distance feeder service to large capacity 
vehicles on main routes in a ldrge city, 
or as the main passenger transport service 
in smaller urban centres; 

For urba~ goods collections and deliveries; 

For general goods and passenger transport 
in rural areas, able to provide an extensive 
service linking villages to markets, even 
where road conditions are very poor. 

Again a ~ehicle developed in the Philippines, 
consisting of a two wheeled attachment mounted 
over the rear of a general-purpose 125 cc motor 
cycle. Used primarily as a low cost urban van 
or ~ick-up, depending on the type of body fitted. 

l\ variety of designs used in different countrii:::s 
in /\sia and L<ltin America. They arc purpose built 
vehicles, but using motor cycle drivcline compon
ents. Used for passenger transport services and, 
to a lesser extent, for goods, primarily in urban 
areas. 

Vehicle (BTV) Developed by major automotive companies, using 
standard driveline assemblies (engine, trans
mission, rear axle) but simple chassis and 
bodywork, to provide a low cost four-wheeled motor 
vehicle that can be produced with significant 
local co'r.tent in reiatively low volumes. 
Essentia~ly they provide a cheaper alternative 
to conve~tional one tonne pick-ups. They have 
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made some impact on the market in Asia, most 
successfully in the Philippines, and are also 
used to a limited extent in parts of Africa. They 
can provide public and private passenger and goods 
services on scaled roads, and in the Philippines 
are also used as government vehicles. 

Tablv 3.S pn'sE..·nts C1n ,1n<1lysis of relev.J.nt ch<1rac1:cristics of 
the r<1nge of vehicles under consideratio~. It covers both cargo 
,incl pC1sscnqcr carrying opplications and det,1ils: 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

The load carrying capacity of the vehicle, 
express~d either as weight of goods or n~mber 
of posscngers, including the rider for personal 
means of transport, but only fare paying 
passengers for service vehicles; 

Typici11 fuel consumption (for those vehicles which 
consume fuel); 

The operating speed of the vehicle, expressed 
as the average S[H"cd that the vehic 1 c should be 
able to maintain over a typical journey, in 
non-congested conditions; 

The estimated sules price 0f the vehicle, assuming 
efficient asscmbly/monufLlcture in Ethiopia; 

A measure of the capitol cost efficiency of the 
vehicle, expressed as the cost of the vehicle 
divided by the "quontity" of useful transport 
thot can bE~ accomplished per hour of operation. 
" Quan t i t y " i s me Cl s u r c cl e i t :1 c r a s ton n c km o r 
posscngc'r km; 

/\ m c ci s u r c u f f u e l c f f i c i c n c y , c x pre s s e cl a s t h c• 
fuel con~;umc•cl [l('r "unit" of u::·c·f.il transport. /\ 
"unit" is one tonne km or one [Jci;;sengcr km. 

for both mcosures of efficiency, the lower the 
[iqure the more efficient the vehicle. 

i".vo vehicles, the motor cycle ,1nd sidecar and the basic trZlnsport 
veh;c~lc~, hove different char<icteristics depending on whether 
the applici1tion is urban, inter-urban (on surfaced roads) or 
rurol (<1ssuming poor rood conditions). Three sets of figures 
a(e thcr0for~ given for these vehicles. 

The figures in the table must be interpreted with some care. 
Obviously some chC1ractcristics (payload, fuel consumption and 
operating c;pccd) wil 1 V(lry occorclinq to ttw conditions of use, 
attitude of the or,cri1tor etc., but every attempt has hr•cn me1de 
to rn<lkc the fiqun•s for diffr!rcnt Vr'hicles comparable. 'l'he 
mci1sures of c<1pitill cost and fuel efficiency assume the maximum 
utilisation of the vehicle. Thus the compi1rison between different 
vehicles is only valirl when each is carrying its maximum payload 
and operating at the speed of which it is capable. In crowded 
urban conditio~s any vehicle is reduced to the speed of the 
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- - - - - - - - - - - - - - - - - - - - -
TABLE 3.5: CHARACTERISTICS OF LOW COST VEHICLES 

2 3 4 5 6 

Carrying Fuel Operating Price Capital Cost Fuel Effi::ierc:. Capacity Con- Soee::J Efficier-cy 
Su~pti::in ><"'I hr 

kg ;;ass. ><~/l.i:ri; w - / ~ r :i i r r 3 i:: I 5 ir r I li~res litre~ 
t k ,..,; ., r pass. ;i er t k 'T' per 

km/r-.: ~ass ...... 

Sicycle - 1 • 1 s 250 - 1 6. 7 -'II Bicycle an~ T:a:ler 1 50 - • 1 2 400 2 22. 0 
::J ~o:;iec - 1 l. s 30 2200 - 73.3 - '.). 022 " 125 cc 'Ii:: t c: : y:: ~ = - 2 30 so 2700 - 27. 0 ::; • 01 E -Trial Si~e - 2 2S so 3200 - 32.0 - 'I r"'\ ... ,, 

- •.., L..., 
~ 

:.nimal Cart: ~ :; : ""'I( c 1 2 so - • s s:o. .:.oc.: ._;:; - t:.nimal Ca:t: 2 : • e -- 70C • 5 EOO+ ~ 7 ": . :i I '.) -... Single ~x:e ~:a:~c: a"'C 
Trailer 7SO - 1 0 1 5 <.500 <.DO. C - : • , :! -

Tri::1::e 200 - • 1 2 560 233. :J t:. n i "'a 1 O: a ..,j~ :a:riac;e - 2 • 7 BOO - s 7. 1 :"/:y::le + Si~e:::ar.; Ur:an 300 4 25 30 3SOO 3BB.9 2:;. 2 0., 3 0. c 1: .. :-te:.J:~an~OO 4 25 40 3500 291. 7 2, . :; D, 1 :! :: . c,: u 
Rural 450 5 1 B 20 J7SO ", 6. 7 J 1 . 2 0. 1 2 '.).: J:: --:> I'll/Cycle \ian/';ic)(-~·~ 400 - 22 30 t.000 333.3 - 0. 11 ... 

::.: Three Wheeler soo ] 20 30 5500 366,7 6, . , 0. 1 0 '.). '.) 1 7 J'. 
3TV: Urban 1000 14 11 50 16000 320. J 22.9 a.as a.006 Interur:ia.- 1000 14 11 70 16000 228. 5 1 5. 3 0.09 C. O'.'~ Rural 1 000 14 8 30 16000 S33.3 38. 1 0. 125 0. CJ:; 

Uses nc :e~:-::leu~ 'c.ie l 
E•:l·~ces ::s: ;: ' a'""'i--al 

, 



traffic flow, and in this circumstance the figures will be biased 
against slow moving vehicles. Similarly if the vehicle is mov~ng 
loads smaller than it is capable of, it is operating at lower 
efficiency and under this circumstanc~ the fiyur~s are biased 
against low capacity vehicles. Finally t!'lc figures for capitn.l 
cost arc only comparabl~ if similar utilisation rates arc n.ssumcd 
for the different vehicles. 

Data on the distribution of population is needed to make 
estimates of vehicle demand. Table 3.6 gives a breakdown by 
region of the numbers of people living in towns, categorised 
as lZ1r<Jc u!'.'ban centres (population greater than 30,000), 1.1eclium 
sized centres (population between 2,000 and 30,000) and smal~ 
population centres of less than 2,000 people. Most of the last 
are rural markets. for the p~rposes of demand analysis it is 
app~opriate to consider the urban population as those living 
in centres with ~ore than 2,000 people. The small market centres 
of less than 2,COO people aLc cunsidered to be part of the rural 
population. This gives an urban population of about 4,295,000 
of which 33% lives in Addis Ababa. The rural population is about 
37,275,000. The seventeen major urban centres, with populations 
greater than 30,000 arc: 

Addis Abc=1 b.:1 1,412,575 
Asmara 275,385 
Dire Da:.vi'l CJS,104 
Nazareth 76,284 
Gondar 68,956 
Dessie 68,848 
Harar 62,160 
Mckcle 61 ,583 
Jimma 60,992 
Bahir Di1 r S4,800 
Beseki1 54,146 
D~bre Ze it Sl,143 
Deb re Mc1rkos 39,808 
Assclc1 36,720 
Wonji Gefersil 35,420 
Shashemenc 31,531 

Note: To refine the unalysis of the [JOtcntial for low cost 
vehicles to meet rur<1l transport requirements, IPS arc rreparinq 
dctc1iled datil on :.:.he numbers of people within the :.nflucncc area 
o f di f f c n~ n t s i z cs of ma r kc t . 

over sen of the population of Ethiopia is under 20 years of age. 
Since this will influ0nc0 th 0 fuLur~ demand for transport the 
age distribution of the population is qiv<·n in Table 3.7. 
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- - - _, - - - - - - - - - - - - ._ -
TABLE 3.6: ~OPULATION LIVING IN TOWNS 

Administrative Population <2,0C:O Population Population >3J,CCC 
Region 2,000 - 30,000 

No. Of Population No. Of Population No. Of Population 
Towns Towns Towns 

Arsi 1 3 15,758 1 9 80,657 1 36,720 
Bale 1 0 8' i 5 2 9 69,05:.i 
Eritrea 2 2,648 1 0 97,865 1 275,385 
Garno Go fa 1 6 13,5:58 9 62,96B 

I Gojjam 25 28,608 
N 

28 138,628 2 94,606 - Gondar 20 23,488 1 8 118,904 1 EB,958 I ' 
Harerge 25 38,618 31 114,217 .., 

160,26<'< (_ 

Illubabor 23 15,097 1 1 50,720 
Keffa 30 29,600 1 3 53,894 1 6C:,S:;J2 
Snewa 78 77,397 74 422,028 5 ;~ 1,661,030 
Sidamo 1 7 "19,166 30 179,915 1 36,16S 
Tigrai 2 ~ i:r~ 

j , __, ::i.: 1 7 125,621 1 61 's 2 :'. 
Wellega 33 35,792 1 6 105,278 
Wallo 1 ? 17,732 20 142,207 1 58,6!,:'. 

Total 31 1 3? ::! • 1 <'.~ 8 305 1,771,957 1 ? 2,524,626 

~ Includes Addis Ababa, population 1,412,575 

,,,, 



TABLE 3.7: AGE DISTRIBUTION OF ETHIOPIAN POPULATION 

Percentage of Tota 1 Population 

Age Group Nationzll Hural Ur bun 
(year) 

0-4 17.4 17.7 1 s. 6 
5-9 15.8 16.2 l 4 . j 

10-14 12.2 12. 1 12.8 
15-19 9.2 8.9 11. 3 
20-24 7.9 7.7 9.6 
25-29 7. 3 7. 1 8. 1 
30-34 6.4 6. 3 6. 7 
35-39 5.6 5.4 5. 7 
40-44 4.5 4.5 4. 4 
45-49 3.5 3.6 3. 1 
50-54 2.8 2.9 2. 2 
55-59 2. 1 2.2 1. 7 
60-64 1. 8 1. 8 1. 7 
65+ 3.5 3.6 2. 8 

Source: National Sample Survey Second Ro~nd, in Statistical 
Abstract 1982 

3.5 Demand Estimate for Personal Means of Tr~nsport 

3.5.l Bicycles 

Imported bicycles are currently used in Ethiopia. Import 
statistics for bicycles and associated spare parts are detailed 
in Table 3.8 and major sou~ces of ~up~ly in Tables 3.9 and 3.10. 

The data has to be interpreted with some care: 

i) the figure of imports for 1977 is exceptionally high, 
and is accounted for, as Table 3.9 shows, by import 
of 13,273 bicycles from Italy at the very low value 
of 29,246 Birr (2.2 Birr per bicycle). There arc two 
possible explanations for this: 

* 

* 

a mistake in the trade statistics; 

supply of the bicycles under a grant aid 
arrangement, so that the value shown docs not 
L~pr8scnt the true cost of the bicycles. 

ii) there is some indication that the statistics undcr
estiffiate the supply of bicycles, since for five of 
the years 1976-82 the value of imports of spare parts 
is very high in relation to that of complete machines. 
This may be accounted for partly by the fact that, 
in a period of declining sales for new bicycles, a 
greater emphasis on impvrts of spaLes for those already 
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on the road would be expected. However, for 1981 in 
particular the figure is excessive, and it is note
worthy that: 

* 

* 

imports of spares from India are very high, while 
imports of complete bicycles are low; 

Chinese imports of spares are high in 1980 and 
1981, while imports of complete bicyles have 
stopped completely. 

This suggests that some bicyles have been imported 
from these sources partly disassembled and classified 
as spare parts. 

iii) the trade statistics do 110t uif[erenti.ate between adult 
and children's bicycles. The units imported must 
include a proportion of child or juvenile models, but 
inspection of the unit import values from particular 
countries suggests the proportion is fairly small. 

I TABLE 3.8: IMPORTS OF BICYCLES, TRICYCLES AND SPARE PARTS 

I 
Bicycles and Tricycles Spares 

Value (Birr) Value (Birr) 

No. Total Per Unit I 
I 1971 9, 3 31 308,619 3 3. 1 136,867 

1972 4,989 302,572 60.6 137,103 
1973 * * * * 
1974 4,122 272,530 66. 1 225, 117 
1975 2,928 291,905 99.7 211,778 

I 
1976 4,941 396,764 80. 3 89,952 
1977 17,527 380,813 21. 7 216,536 
1978 5,323 346,060 65.0 267,787 I 
1979 1'16 5 99,370 85.3 89,876 
1980 99 21,403 216. 3 196,942 
1981 715 158,433 221. 6 743,485 I 
1982 572 135,882 237.6 291,078 
1983 2,903 502,242 173.0 554,329 
1984 1, 20 4 174,437 144.9 112,658 I 

I Total 55,819 3,391,030 3,273,508 

I 
* No data available. 

' 
-23-

' 



TABLE 3.9: IMPORTS OF BICYCLES BY MAJOR SOURCE (QUANTITY) 

1 974 1975 197 6 1977 1978 1979 1 980 1 9 81 1 ~18 2 1983 

China (PR of) 1700 500 2 911 3065 3415 600 

Czechosiova:.:ia 140 1239 1 289 52 50 

Denmark 1 5 0 40 

F-rance 200 100 1 00 

I India 830 1 61 50 210 120 120 
t-...; .,... 

Italy 472 443 414 13273 54 36 98 775 I 

Japan 454 436 72 1 1 1 50 1 1 

Saudi Arabi3 65 1 6 9 1 61 

Taiwan 100 200 400 

UK 87 1 51 92 76 243 

USA 36 1 5 7 

USSR 200 440 1458 364 1627 

FRG 1 6 

--- .... - - - - - - - - - - - - - - - - - ---



---------------

TABLE 3.10: IMPORTS OF BICYCLE SPARES BY MAJOR SOURCE (VALUE BIRR) 

1 974 1 975 1976 1 977 1 978 1979 1980 1 9 81 1982 1983 1g84 

_:nina (PR of) 83034 37535 61162 1421 22 164589 82010 558799 6480 121348 21360 

-=zechoslovakia 20540 

:ndia 24077 6 281 7377 65054 26678 163838 

Italy 68145 78250 67185 88940 38140 28775 

]3pan 37521 50430 18187 30071 21779 17240 61780 31270 355825 26138 

faiwan 14363 103680 32655 

Jr\ 8520 8562 

Total 225117 211778 89952 216536 267787 89876 196:-342 7431-185 2S1 U78 554329 112658 

_, 
I 

"' 



It is also conceivable that some bicycles have been brought over 
the bord0r ill0gally without payment of duties. 

~hatever assumptions are made in interpreting the statistics, 
the general trend is that supply of bicycles dropped sub
stantially afcer i97~ buc ha~ recov~red somewhat since 1982. 

Assuming a 10 year life, the stock o[ bicycles in the country 
is 35,000 - 40,000. Assuming a 15 year life the stock is 55,000 
- 65,000. Based on the trade statistics, the average annual 
imports arc as follows: 

Over the past 
Uvc r the tiast 
Over the post 

ten 
f i \'C' 

two 

years: 
years: 

years: 

3700 units/year 
1100 units/year 
2000 units/year 

The supply data from trade statistics is not an adequate 
indication of the potential demand for bicycles produced in 
Ethiopia. First, the supply of bicycles in recent years has been 
limited by restrictions on the availability of foreign exchange. 
Evidence of this is th0 high price being charged by private 
traders - prices as high 3S Birr 850 have been quoted for a 
Chinese bicycle, which would have a landed price of about Birr 
200. 

Second, the price of any bicycle in Ethiopia at present is higher 
than that at which a model produced by a local industry could 
be sold. The cheapest price quoted is 360 - 380 Birr, whereas 
a realistic target sales price for a locally produced model is 
about 250 Birr. Given the low level of incomes in the country, 
demdnd will be very sensitive to price. 

Comparative international data on bicycle demand is difficult 
to obtain since bicycles are not normally registered. Table 3.11 
presents the national level data that docs exist and compares 
per capita income with the stock of bicycles and the current 
level of demand, measured in terms of domestic soles. Tho data 
for different countries is for different years, but to make the 
comparison as realistic as possible, per capita income is 
expressed as a ratio to the cost of a bicycle at the time of 
the data was current. Although some of the data is approximate, 
a rough pattern can be interpreted; 

i) dcm<il"\d level (units per 1000 population) is between 
50 - 200'~ of the ratio of per capita income to the 
cost of a bicycle; 

ii) demand levels tend to be lower in Africa than Asia, 
particularly in rural areas (and other evidence bears 
this out), because population densities are lower 2nd 
tra1el distances typically longer; 

iii) when a country reaches a certain level of affluence, 
demand in relation to income level will tend to 
diminish (see Malaysia 1981), as a significant pro
portion of the population becomes able to afford a 
motor vehicle. However, absolute demand levels can 
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remain high as more affluent households become owners 
of a motor vehicle and one or more bicycles; 

iv) China has b0cn able to develop a high level of bicycle 
ownership at low per capita income levels by a 
deliberate policy of encouraging their use. Ownership 
was encouraged by producing bicycles on a mass scale 
and making them available at a very low price. At the 
same time private motor vehicle (and particularly 
private car) ownership was severely restricted. 

Tanzania made an ambitious attempt, in the late 1970's, to 
stimulate bicycle use and established a plant to produce at an 
initial rate of 100,000 units per annum with a planned increase 
to 150,000. The attempt failed because of major problems in 
operating the plant and maintaining production, particularly 
with a programme of rapid development of high local content. 
However, attempts continue to encourage use of bicycles there 
through supply by bilateral donors. If this level of supply were 
to be maintained and absorbed, it would represent a demand 
similar to that in Table 3.11. 

Examining the figures for Ethiopia, and discounting the limit
ations on bicycle supply, it is clear that the relationship 
proposed above between demand and income level does not apply. 
Two reasons can be offered which partly explain this: 

ii the nature of the terrain in Ethiopia will tend to 
reduce demand relative to other countries; 

iii income level in relation to the cost of a bicycle 
(under present supply conditions) is signficantly lower 
than for the other countries in the table. It is 
reasonable to expect that the relationship between 
demand and income levels will not hold true at very 
low incomes. There is a threshold of income which must 
be reached before a household becomes able to afford 
a bicycle. 

It is therefore useful to examine bicycl~ ownership at different 
income levels. Table 3.12 presents national level data from India 
and Malaysia. It is based on household rather than per capita 
income since this is the more relevant indicator of ability to 
purchase a bicycle. Ownership of bicycles for households in ~he 
0 - 13.5 income range in Malaysia is much higher than in India. 
However, cx.:1mination of the percentage of households in different 
ranges indicates that income levels in Malaysia are hiahcr than 
in India. Therefore, in Malaysia a larger proportion of house
holds in th·.? lowest income range would be at the top end of that 
range. The implication is that bicycle ownership becomes sub
stantial (40% or more of households owning a bicycle) when income 
levels reach about ten times the cost of a bicycle. 
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TABLE 3.11: INTERNATIONAL DATA ON BICYCLE USAGE 

India 1968 

India 1984 

Malaysia 1968 

Malaysia 1981 

Nigeria 1981 

Kenya 1984 2 

China 1984 3 

Tanzania 1980 4 

Ethiopia 
(at current 
cycle prices) 

Notes: 

Per Capita 
Income 

Cost Of 
Bicycle 

3. 2 

4.2 

6.0 

26.0 

8.0 

2.5 

4 - 6 

3 4 

0.65 

--------

Bicycle 
Stock 

Per · 000 
Population 

3:;. 3 

43.0 

9 2. 3 

130. 0 

40 - 45 1 

200 - 300 

1. Estimate, precise stock not known. 

Current 
Demand Level 

Per ·ooo 
t>opulaLion 

_). 3 

3. 3 

10.0 

16.0 

5. 5 

1. 25 

8 - 10 

5 6 

0.06 

2. The current demand is an estimate based on information about 
the cycle industry in Kenya. 

3. 

4. 

s. 

The Chinese data is based on analysis of quoted .~stimates. 
Since the data is not very precise, ranges of figures arc 
given. 

Note that the Tanzanian demand estimate is based on the 
out~ut planned for the national bicycle factory, not on 
sales achieved. 

Based on a stock of ~5,000 bicycles. 

Local level data from a study in Northern Nigeria otters some 
support for this hypothesis, while again indicating that rural 
bicycle demand tends to be somewhat lower in Africa than Asia. 
Hural households owning no vehicle had an average income ten 
times the cost of a bicycle. Households owning only a bicycle 
had an average income nineteen times its cost. 

Based on the above analysis two alternative methods are presented 
for estimating demand for bicyles produced by a local industry 
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in Ethioria. It is assumed that the development of the local 
industry would make bicycles more freely available and would 
reduce the price to the customer to about Birr 250 compared with 
the current minimum of Birr 360 - 380. 

t\pproach l: Based On Pt.•r C.:1pita Income And Comparative Demand 
Levels: 

The loc.:llly produced bicycle brings the ratio of per capita 
income to bicycle cost to unity. Using the relationship derived 
from Table 3.11, and making the most conservative assumption 
(demand per 1000 population is 50% of ratio of per capita income 
to bicycle cost) suggests a demand level of 20,000 units per 
annum. However, the effect of terrain and low absolute income 
levels would reduce this. If we assume a reduction of 50% this 
gives a demand of 10,000 units per annum. It is important not 
to overemphasise the effect of terrain. While riding a bicycle 
is more difficult in hilly terrain than on the flat, it does 
not preclude its use. Much of the demand for bicycles will be 
from urban areas or for short rural journeys and many places 
in Ethiopia will be suitable for their use. Even though Addis 
Ababa has some steer hills, bicycle riding is feasible in many 
parts of the city. It should also be noted that there are other 
African cities (eg. Nairobi) where, although the terrain is by 
no means flat, bicycles are quite common. 

Approach 2: Based On Population And Income Distribution, Anci 
Bicycle Stock: 

In round figures the urban population is about 4,250,000 and 
the rural population 37,250,000. Assuming average urban household 
size to be five persons (Addis Ababa is 4. 78) and rural to be 
six persons (most recent survey gives 5.61) then there are: 

850,000 Urban Households 
6,208,000 Rural Households 

Based on the data from Table 3.12 and, making allowance for lower 
utilisation for cycles in Africa, assume that there is the 
potential for 50% of households with an income fifteen times 
the [>rice of a bicycle above to own one. Detailed data on income 
distribution is not available, but it is probably a conservative 
estimate to say that the average urban household has an income 
of this level (3,750 Birr) and above, and that therefore, about 
40* of urban !i011seholds fall into the category of potential 
bicycle ownership. This gives a potential urban stock of 170,000 
bicycles. Halving this to allow for terrain conditions leaves 
a potential stock of 85,000 urban bicycles. Given low rural 
income levels most households will not be able to afford a 
bicycle. However, it is not unreasonable to expect rural ownerhip 
level of 0.5%, given that the overall definition of rural 
includes small towns on under 2,000 people and that there is 
likely to be some demand for bicycles from small businesses and 
co-operativ~s as well as individuals. this implies a potential 
rural stock of 30,000, giving a total of 115,000. Taking the 
estimate of existing stock as 55,000 and assuming that this is 
brought up to its potential level over a ten year period, the 
demand for bicycles is: 
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TABLE 3.12: !NTERNATIONAL OAT~ o~ arc~Cl[ G~~ERSHIP AT OIFFERE~T INCOME LEVELS 

India 1968 

Malaysia 1968 

Household Income 
Cost Of Bicycle 

0 - 13.5 

1 3. 5 - 22.7 

22.7 - 45.5 

45.5 - 68.2 

68.2 + 

0 - 13.5 

13.5 - 40.5 

40.5 - 101.5 

101.5+ 

~fat i o rial 

% Of 
Households 

72.2 

1 4. 6 

1 0. 1 

2.2 

0.9 

55.3 

35.7 

7. 1 

1 . 9 

% Owning 
Bicycle 

1 4. 7 

46.4 

59.4 

73.2 

61 • 9 

4 7. 1 

72.3 

59.7 

37.B 

Rural 

% Of 
Households 

74.4 

1 3. 3 

9.7 

1 • 9 

0.6 

% Owning 
Bicycle 

1 2. 4 

41 • 8 

62.9 

73.4 

75.8 

Urban 

% Of 
Householjs 

6 3. L. 

1 ~ • '::J 

1 1 • 5 

3 • 1 

2 • 1 

% Owning 
Bicycle 

2 5. 1 

58.8 

48.2 

68.1 

51 • 2 

.. -----------------· _, 
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Replacement Of Stock 
Build Up Of Stock 

3,500 per annum (15 year life) 
6,000 per annum 

Total 9,500 per annum 

These estimates are based on existing economic conditions. There 
is a real sense in which it can be said that Ethiopia is just 
at the start of its bicycle age, and one would expect demand 
levels to increase: 

i) increases in gross domestic product, and in population 
size, will bring a larger number of households to the 
level where a bicycle is affordable; 

ii) over half of the population of Ethiopia is under 20. In 
India the main purchasers of bicycles are males between 
the ages of 16 and 30. Ethiopia will therefore have 
an increasing number of potential cyclists reaching 
adulthood and bicycle purchasing age in the next few 
years. For example, in five years time there w~ll be 
11.7 million peopple in the age group 15 - 29, compared 
with 9.7 million today (Table 3.7). 

It should be noted that there is also a substantial demand for 
bicycle spare parts, some of which could be suppied by a local 
industry as the locally manufactured content is developed. 

3.5.2 Bicycle Trailer 

The bicycle trailer can be sold to existi~q users of bicycles 
as well as new purchasers. Its main applications will be for 
individuals who need to move a larger quantity of goods than 
can be transported conveniently on a bicycle, and for people 
who can use it in connecti~n with small businesses and trading. 
It should be noted that in India the bicycle and trailer is 
finding some institutional applications, e.g. for moving seed
lings and water in community forestry nurseries. For initial 
analysis it has been assumed that the potential market for cycle 
trailers is about 5% of bicycle owners. Using the figures in 
the estimate for bicycle demand this leads to a trailer demand 
of: 

2,750 
300 

from existing bicycle own0rs: 
per annum from new bicycle purchasers. 

Assuming that the demand from existing owners is met over five 
years gives a total demand of 850 units per annum. 

3.5.3 Motor Cycle 

Im~orted motor cycles are currently used in Ethiopia. Import 
statistics for motor cycles and associated spare parts are 
detailed in Table 3.13 and major sources of supply in Tables 
3.14 and 3.15. 

The statistics give a more reliable guide to supply than those 
for bicycles since: 
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i) there is no evidence of machines being imported as 
spare parts; 

iii illegal import is less likely than for bicycles; 

iii) the statistical c~tcgory is more specific. 

While there have been year by year fluctuations, imports have 
been reasonably consistent over the past ten years; 

Annual average: Last ten years 
Last five years 
Last two years 

535/annum 
645/annum 
550/annum 

TABLE 3.13 IMPORTS OF MOTOR CYCLES AND SPARE PARTS 

--------·-------------------------------
Motor Cycles Value Spares 

(Birr) Value (Birr) 

No. Total Per Unit 
------- ---

1971 350 206,586 590.2 52,885 
1972 303 263,286 868.9 79,129 
1973 * * * * 
1974 1, 864 376,538 202.0 61,053 
1975 230 215,236 935.8 70,948 
1976 407 391,494 961.9 58.055 
1977 154 213,917 1389.l 90,962 
1978 777 676,368 870.5 72,660 
1979 521 791,868 1519.0 176,876 
1980 1, 021 905,182 886.6 327,831 
1981 729 1,487,901 2041. 0 202,229 
1982 373 479,431 1285.3 281.130 
198 3 717 866,166 1208.0 204,236 
1984 443 748,576 1689.8 189,676 

Total 7,889 7,622,548 1,367,670 
·---~------------4-- -

* No Data Available 

The major source of supply is Japan, which accounts for 70% of 
the quantity, and nearly 76% of the value imported in the period 
1975-84. Given the evidence that motor cars are repaired and 
maintained to keep them on the road for many years in Ethiopia, 
it is reasonable to expect that motor cycles would have a 
relatively long working life here compared with other countries. 
Based on the import data, a seven year working life gives a stock 
in the country of about 4,500 units and a ten year 1ife about 
5,400 units. However, Table 3.2 shows only 1,292 registered 
units. While it is possible that some motor cycles are operated 
on the road unregistered, this could account for only a small 
part of the difference. The most likely explanations are: 
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TABLE 3, 14: IMPORTS OF 1YJOTOR CYCLES BY Mr'\JOR SOURCE (QUAl\TITY) 

1974 1975 1 976 1977 1978 1979 1980 1 g 81 1282 1983 1984 

China (PR of) 1200 

Germany West 172 

Germany East 174 

Netherlands 104 

Italy 26 21 43 
I 

Japan 487 192 330 1 50 456 51 7 272 427 332 333 307 

Korea 24 

UK 1 01 300 26 

USSR 90 539 1 68 50 

Total 1 864 230 407 1 54 777 521 1021 729 373 717 383 

_, 



TABLE 3.1S: IMPORTS OF MOTOR CYCLE SPARES BY MAJOR SOURCE (VALUE BIRR) 

China (PR of) 

France 

Germany East 

Germany West 

Italy 

Japan 

Netherlands 

Switzerland 

UK 

USSR 

Total 

I 
.....> 
;-. 
I 

1974 1975 

44758 

9789 

9763 21290 

6194 

1 501 3 

9833 

61053 70948 

1976 1 977 1978 1 979 1 980 

1 51 8 5 

23041 

79905 

38219 43555 28896 82867 81973 

12002 30124 

72415 

58055 90962 72550 196876 327831 

1 9 81 1982 1983 1984 

110444 42222 1 3442 44504 

234880 161153 1 32633 

42745 

11008 

202229 281130 174595 188145 

-.-------------------_, - - ~~ 
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i) motor cycles lPgitimately unregistered, because they 
are us9d only on private roads, for example on state 
farms; 

ii) motor cycles used by government departments, for 
example by extension officers, and therefore subsumed 
in the government vehicle category of the registration 
statistics; 

iii) motor cycles used by the military forces. 

There are three elements to the total demand for motor cycles. 
Adaptations of motor cycles as service vehicles are discussed 
in a later section. The two applications for personal transport 
are by government, and in the private sector. 

The present supply of motor cycles underestimates the demand 
since the supply has been restricted by the availability of 
foreign exchange. This is likely to have been a greater con
straint on th~ private sector than on government, though it will 
affect both. Further, retail prices in the market are higher 
than would be expected from a locally assembled product, and 
this will reduce demand. A final consideration is that the tight 
restrictions that have been irop0sed on vehicle imports and fuel 
supplies should be expecte0 to generate an increased demand for 
motor cycles (if these are .de easily available), as a substi
tute for four wheeled vehicles, for those uses where the ability 
to transport one or two people and a limited quantity of goods 
meets requirements. 

Table 3.16 compares motor cycle stock and per capita income for 
lower income countries of Africa and Asia, using data from Table 
3.1. Since government use of motor cycles represents a very ~igh 
proportion of total use, two sets of figures are given for 
Ethiopia, for privately registered motor cycles and for total 
stock. Table 3.17 presents similar data for India and Malaysia, 
using the ratio of per capita income to the cost of a motor 
cycle, and gives figures for demand as well as stock. The impli
. 1tions are similar to tt~se for bicycles. Again, the use of 
motor cycles in Ethiopia is very low, but the income level is 
lower than for the other countries. The two nearest equivalents 
in Table 3.16 are Tanzania and India. Tanzania has a per capita 
income 2.2 times that of Ethiopia, but over eleven times as many 
motor cycles per head of population. Taking only privately 
registered motor cycles in Ethiopia, Tanzania has thirty five 
times as many units per head of population. India has a per 
capita income 1.85 times that of Ethiopia, and nearly twenty 
times as many motor cycles per head of population, or more than 
sixty times as many in comparison with private ownership. 
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TABLE J.16 

Country 

COMPARATIVE DATA ON MOTOR CYCLE STOCK FOR SELECTED 
LOW INCOME COUNTRIES IN AFRICA AND ASIA 

GNP/Capita 
us $ 

Motor Cycles 
PPr '000 
Population 

4.22 
1. 02 
l. 40 
2.42 

Egypt 
Kenya 
Tanzania 
India 
Indonesia 
Pakistan 
Ethiopia Total Stock 

Private Stock 

464 
426 
275 
230 
460 
339 
125 

27. 23 
3.95 
0.125 
0.04 

Taking the cost of motor cycles into account (Table 3.17) the 
picture is more favourable, with the Indian situation in 1968 
being the nearest equivalent to Ethiopia today. The income ratio 
in this comparison is 1.94, but the motor cycle stock in India 
was about six times that of Ethiopia. However, in India at that 
time the local motor cycle industry was unable to satisfy the 
demand ar.d there were waiting lists of several years for 
machines. It is worth noting that in the (approximate) period 
1960 - 1980 there was a policy of developing the use of motor 
cycles in India and stimulating their manufacture, while that 
of motor cars was restricted. This is one reason for the rapid 
increase in both motor cycle stock and demand between 1968 and 
1984. 

TABLE 3.17 

1968 India 
1974 India 
19 84 India 
1968 Malaysia 
19 81 Malaysia 

Ethiopia Total 

COMPARATIVE DATA ON MOTOR CYCLE STOCK AND DEMAND 
FOR INDIA, MALAYSIA AND ETHIOPIA 

GNP/Capita Motor Cycles Demand 
Cost Of Per '000 Per 'ooo 
Motor Cycle Population Population 

0.24 0.65 0. 1 7 
0.28 1. 34 0.29 
0. 38 2.42 1. 30 
0.69 16.00 10 - 15 
2.70 99.00 

(). 12 5 0.125 0.014 
Private 0.040 0.0045 

The terrain in Ethiopia imposes a much less severe constraint 
on the use of l'.1otor cycles than bicycles and indeed should serve 
to generate some demand for trail bikes given their off-road 
capability, but the low income level is a major f~ctor in deter
mining demand. It is therefore useful to look at the effect of 
income distribution on demand. Table 3.18 gives sqme figures 
for India and Malaysia. For India the implication,is that 
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- - - - - ---------------
T ABLE 3 • 1 E : I NT ER N A TI 0 N Al 0 A T A 0 N M 0 T 0 R C Y C L E 0 W N E R SH I P A T 0 I F F E R E N T I N C 0 1'1 E L E V E L 5 

National Rural Urban 

Household Income % Of % Owning % Of % Owning % Of % Owning 
Cost of Motor Households M~tor Households Motor Households Motor 
Cycle Cycle Cycle Cycle 

India 1968 0 - 1 • 2 72.2 - 74.4 - 63.4 

1 • 2 - 2.0 1 4. 6 0. 1 8 1 3. 3 - 1 9. 9 0.63 

2.0 - 4.0 1 0. 1 1 • 2 9. 7 0.5 11 • 5 3. :rn 
--J 
I 4.0 6.0 2.2 5.4 1 • 9 2 • 1 3. 1 12.90 -

6.0 + 0.9 1 6. 2 0.6 1 1 • 5 2 • 1 22.90 

Malaysia 1968 0 - 1 • 35 55.3 2. 8 

1.35-4.05 35.7 1 7. 8 

4.05 - 10 7 • 1 24.8 

1 0 + 1 • s 78.9 

.I 



ownership becomes significant at household incomes above about 
four times the cost of a motor cycle, and in Malaysia at a 
somewhat lower figure. The lower figure for Malaysia probably 
reflects a more mature market, with much easier availability 
of machines and signficant second-hand sales. 

'L1nzani.:1 is in the same p<lrt of the world, and has similar 
characteristics to Ethiopia in terms of economic conditions and 
pO[lUl<ltion data. The number of motor cycles in Tanzania implies 
.:i potential stock in Ethiopia, taking occount of differences 
in per capita income, of about 20,000 units. The figures for 
Indio in 1968 (Toble 3.17) where government use of motor cycles 
would be insi1nificant compared with private use, again allowing 
for difference in income levels, suggest o potential stock in 
Ethiopia of 13,500 units and a dcmond for 3,500 units per annum. 
The equivalent figures, based on India 1~74 data, are a stock 
of 24,000 units and a demand of 5,000 units per annum. The lowest 
of these figures suggests a potential stock of privately owned 
motor cycles in Ethiopia of 13,500 units and a demand of 3,500 
units per annum. 

A second method of analysis is to consider the different markets 
for motor cycles in Ethiopia. 

i) Private 
Assuming that 7.5% of the households in Ethiopia have 
income levels where motor cycle ownership becomes 
significant, purchase of machines by 20% of these 
households would result in a private stock of 12,000 
machines; 

ii) Co-Operatives 
It seems likely that motor cycles, and particularly 
trail bikes with their ability to operate off-road, 
would be a useful ~cans of transport for officers of 
service co-operatives. The purchase of one machine 
each by 50% of the co-operatives would result in a 
stock of 2,000 motor cycles; 

iii) Government 
The figures on imports and registration imply that 
the various branches of government have a stock of 
about 3,500 motor cycles. It would make sense in terms 
of expenditure for the government to maximise its use 
of motor cycles in preference to four wheeled vehicles 
(two or four wheel drive) wherever this is feasible 
for personal transport. It is understood that the 
government has already started to apply this approach, 
for example by providing motor cycles for agricultural 
extension officers. It is assumed that it is feasible 
to increase the government stock to 6,000 units. 

The above analysis gives a potential total stock of 20,000 motor 
cycles and, assuming this level is rrached ov~r a five year 
period, an annual demand of 3,500 units, calculated as follows: 
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l'rban 
Co-Operatives 
Government 

Tot<ll Units/Annum 

Replacement 
Of Existing 
Machines On 
A 10 Year 
Life Cycle 

1')0 

350 

New 
Purchases 

2,100 
400 
5 Cl 0 

ToL1 l 

2,250 
400 
850 

3,500 

As noted earlier, continued restrictions on the private use of 
four wheeled motor vehicles should encourage the greater use 
of motor cycles, particularly if the products are available from 
a local industry. It is therefore, likely that demand would 
increase above 3,500 units per annum as the industry becomes 
established, particularly taking into account the low average 
age of the population and the expectation of increasing income 
levels. 

I J.6 Demand Estimate For Rural Farmer Transport 

3.6.1 Animal Cart 

I 
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This section estimates the demand for goods-carrying animal carts 
from rural farmers. Animal drawn carriages ( 'gari ') are discussed 
in Section 3.7. 

The only data avajlable on the supply of animal carts are the 
production statistics from the Assela Rural Technology Centre. 
Table 3.19 gives planned and actual production over a four year 
period. The planned output is based on returns from extension 
officers of the demand for carts. However, output has not reached 
planned levels, mainly because of difficulties in the supply 
of raw materials. While the carts produced at Assela are cheap 
(prices range from 200 - 405 Birr and are subsidised) the quality 
is fairly poor. They use wooden bearings and fabricated steel 
wheels, with the result that draught efficiency is quite low, 
and they vibrate badly on rough roads. While low cost is very 
important in making carts available to rural people, it is not 
the only consideration in defining the specification. Many people 
will be familiar with the 'gari' that operate in the towns, which 
trav~l smoothly and easily with their pneumatic tyres, roller 
bearings and leaf springs. This will tend to result in prejudice 
against a design which is noisy, inefficient and uncomfortable. 

Demand 

There is significant potential to improve transport facilities 
in rural areas of Ethiopia by the use of animal-drawn carts, 
qivcn that: 

i) work animals suitable for hauling carts are already 
widely owned in rural areas; 

ii) carts do not consume any petroleum fuel; 
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TABLE 3.19: PRODUCTION OF ANIMAL CARTS FROM ASSELA RURAL TECHNOLOGY CENTRE 

1982/3 1983/84 1984/85 1 985/BG 

Planned Actual Planned Actual Planned Actual Planned Actual 

Donkey - 1 5 60 - 60 24 1 01 
I Cart 
~ 
I 

Ox - 125 1 80 103 452 54 300 
Cart 

Total 140 240 103 51 2 78 401 

- -.-~----------------_. 
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iii) the farmer can ride on a cart with his goods, whereas 
he must walk with his pack animals. The cart can also 
be used to transport the farmer and his family. 

While the steeri terrain in some areas is a constraint on the 
operation of animal-drawn carts, this does not preclude them 
from making a significant contribution to rural transport. Cart 
or>eration is not restricted only to flat areas and they can be 
used on hills as long as gradients arc not too steep. Carrying 
car1acity will of course decrease with increasing gradient until 
the point is reached where the animal can carry a greater load 
on its back than it can haul. A second constraint is the limited 
extent of the rural road network. However, while it is true that 
the better the quality of the road surface the easier it is to 
operate the cart, it is feasible to use carts away from the 
engineered road network on earth tracks. In India over 70i of 
the total use of carts, measured in terms of tonne kilometres, 
is off the road network. The low spee~ of carts limits their 
use to journeys up to about 15 km, typic~lly to and from market, 
and in and around the area of the dwellings and the farmland. 

Table 3.20 presents an initial attempt to assess the potential 
lev~l of use of animal drawn carts in Ethiopia. Column 1 lists 
the ~egions of Ethiopia and Column 2 the number of households 
in thos~ regions excluding Nomadics. Column 3 details the pro
portion of households within the influence area of a market since 
these are the most likely users of animal carts. Column 4 esti
mates the proportion of households which have access to suitable 
draught animals, and Column 5 the proportion of households in 
terrain, and with road/track access, likely to be suitable for 
use of carts. A higher figure has been assumed for Arssi than 
the other regions because o( its high agricultural potential. The 
product of Columns 2, 3, 4, and 5 is given in the Column 6 as 
the number of potential users of animal carts in each region. 
This estimate indicates that about 380,000 households are 
potential users. However, 150,000 of these are in Shoa Province. 
Because Shoa is the central region in the country and encompasses 
the capital city, it will have better transportation facilities 
than other regions, in terms both of the number of vehicles and 
the extent of the road network. This may tend to reduce the 
demand for animal carts, and it is therefore prudent to work 
on the more conservative assumption that about 300,000 rural 
households are potential users of animal-drawn carts. 

Two key factors will determine the proportion of potential users 
that will actually buy carts: 

i) the need for the increased transport capacity offered 
by a cart compared with a pack animal; 

ii) the dbility to pay the price of the cart. 

In India ownership of carts becomes significant at income levels 
between five and six times the price of a cart. In Ethiopia it 
is estimated that rural household income levels are between 1.5 
and 2.5 times the price of the cart. Thus only higher income 
rural households will be able to afford a cart. It is also these 
households that will have the greatest need for the increased 

-41-

' 



-

TABLF. 3.20: ESTI~ATE OF NUMBER OF POTENTIAL USERS OF ANIMAL CARTS 

Regions 

1 

Arussi 

Bale 

Eritrea 

Garno Go fa 

Gojjam 

Gondar 

Harerge 

Ill ubabor 

Kef fa 

Shoa 

Sidamo 

Tigrai 

Wellega 

Wallo 

Total 

I 
.;-.. 
N 
I 

Nu mo er Of Rural 
Houser olds 
(excli_ding 
nomacics) 

2 

2SO,OOO 

122,000 

2::0,000 

1S6,000 

420,000 

420,000 

390,000 

135,000 

380,000 

1,1CO,OOO 

5eo,ooo 

370,000 

330,000 

495,000 

Proportion Of Proportion Of 
Households With- Households 
in Influence Owning Draught 
Area of Market Animals 

3 4 

0,68 0.75 

0. 1 2 0.65 

0. 1 3 ? 

0,63 0.25 

0.58 0,65 

0.35 0.80 

D.34 D.50 

D.58 D.40 

0.46 D.50 

0.84 0.65 

0.72 0.20 

0.26 0.70 

0. 31 0.45 

0.44 0.70 

Proportion Of House- Potential Users 
holds With Terrain/ !] f Animal Carts 
Road Access Suitable 
For Animal Carts ( 2 x 3 x 4 x 5) 

5 6 

0,33 42,000 

0. 1 2 1 '1 00 

0. 1 2 

0,25 7,700 

0,25 39,500 

0.25 29,400 

0. 1 2 7,900 

D.25 7,800 

D.25 21 , 800 

D.25 150,100 

0,25 20,900 

0. 1 2 8,000 

D.25 11 '500 

0.25 38,000 

385,000 

--------------------, 
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capacity that a cart offers. In the absence of detailed rural 
income distribution data, an estimate of the actual demand for 
animal carts can be obtained by extrapolating the data for Arussi 
to other regions. Actual production at Assela has averaged 107 
carts per annum for the years for which data is available. 
Analysing the planned output, and assuming that orders unful
filled in one year are carried forward to the next, implies a 
demand of about 200 units per annum. However, this is likely 
to be an underestimate since there will be dissatisfaction with 
unfulfilled orders. It was suggested by the manager of the 
Technology Centre that many extension officers do not attach 
much priority to encouraging the use of carts. Therefore assume 
that the actual demand for carts in Arussi with 42,000 potential 
users is about 250 units per annum. Por a total of 300,000 
riotential rural users, this equates to a deman~ for about 1,785 
carts per annum purchased by individual housel•olds. 

Another form of purchase is through peasants associations. 
Through the accumulation of capital from individual members, 
these have the financial ability to purchase carts, reinforced 
by the fact that they have access to credit. A further consider
ation is that, while many individual farmers would have only 
limited use for cart3, common ownership would be a more worth
while investment, and result in more intensive use. 

Based on an average membership size of 250 farmers, the 200,000 
households who are potential users of carts equate to 800 peasant 
associations. The purchase of one cart per annum by 50% of 
asso~iations would generate an additional demand of 400 units. 
The total demand for animal drawn carts is therefore estimated 
at 2,200 units per annum. 

3.6.2 Single-Axle Tractors and Trailers 

There is no real evidence available of the potential demand for 
single-axle tractors and trailers in Ethiopia. As the data in 
Table J.5 shows the vehicle does not have very favourable 
char1cteristics if assessed as a means of transport, and its 
use only makes economic sense if the tractor is also used for 
~gricultural operations. The addition of a trailer then extends 
the usefulness of the tractor, allows it to be used more inten
sively, and its transportation role can be assessed in terms 
of the marginal investment involved. Thus the demand for single 
axle tractors and trailers is dependent on the applicability 
of the tractor in Ethiopian agriculture. The Ministry of Agri
culture has recently obtained a batch of 50 single-axle tractors, 
complete with a range of implements including trailers. These 
are now being evaluated on an experimental basis on various 
projects. Low cost mechanisation is a logical next stage of 
development to animal-draught based agriculture and the formation 
of farmers' associations and co-operatives provides the finnncial 
base to make small tractors affordable. Initial trials with the 
single-axle tractor suggests tht it is suitable for cultivating 
certain types of Ethiopian soil but, as far as is known, 
insufficient work has been done to demonstrate that it is a 
suitable technology for Ethiopia. The process of agricultural 
mechanisation is a complex one, normally involving a variety 
of inputs, including improved cultivation practices and seed 

-43-

' 



varieties, fertiliser supplies, credit, etc., as well as 
tractors. The single-axle tractor has made a major impacc in 
certain parts of Asia (in some cases only in certain areas of 
a particular country), usually for rice cultivation, while in 
others it has failed to take off. Taking into account the failure 
of a number of low cost agricultural mechanisation attempts in 
Africa it is considered imprudent and premature to predict the 
cl0mand for single-axle tractors and trailers. Logically the lead 
should come from the Ministry of Agriculture when sufficient 
investigative work has been done to demonstrate the suitability 
of the single-axle tractor, and a policy decision has been made 
to promote its use. If and when that stage is reached there is 
a good prospect that local manufacture of the tractor, trailer 
and other implements would be a viable industrial project, as 
has proved to be the case in several Asian countries. 

J.7 Demand Estimate For Service Vehicles 

Section 3.3 lists a range of possible low cost service vehicles 
that might suit requirements in Ethiopia. Of these the two which 
are least attractive in the establishment of a low cost vehicle 
industry are the pedal tricycle, and the motor cycle based three 
wheeler. A pedal tricycle has significant advantages over a 
bicycle and trailer for carrying passengers. However, the more 
likely application in Ethiopia is for goods transport. For such 
use the cycle trailer has very similar operating characteristics 
to the tricycle, but has the advantages of being somewhat cheaper 
to produce, and suitable for use with existing bicycles. It is 
therefore preferable to concentrate initially on developing the 
use of trailers as a load-carrying adaptation of the bicycle. 

As TablE 3.5 shows, the two attachments to a standard motor 
cycle, the sidecar and the van/pick-up, offer similar operating 
characteristics to t:1e motor cycle based three wheeler. The motor 
cycle and sidecar has the advantage over other motor cycle based 
load carrying vehicles of bi~ing able to operate effectively in 
jifficult rural conditions. It is therefore uroposed, initially 
at least, to concentrate on the manufacture of attachments to 
the standard motor cycle to adapt it to a range of service uses. 
This will serve to increase the demand for motor cycles and is 
preferable to introducing an additional vehicle, the motor cycle 
based three wheeler, with a separate manufacturing technology. 

The two most likely roles of the motor cycle and sidecar are 
for the urban movement of passengers, and to provide a goods 
and passenger service linking rural areas to markets and smal: 
towns. In the former role, it would operate in a similar way 
to the 'gari', but provide a faster service, and have a gre~ter 
range of travel from the urban centre. Detailed figures of the 
numbe~~ cf 'g~ri' i~ ~se 3rc bei~g obt~i~cd by IPS, ~~tin the 
interim an estimated stock of 10,000 units has been assumed. 
Vehicles similar to 'gari' have been used to provide passenger 
services in several countries in Asia. The pattern that typically 
has occurred is that, as a motorised substitute has been intro
duced it has replaced the traditional, animal-drawn mode first 
in the larger urban centres. However, it has generally taken 
a long time for th2 traditional mode to be replaced completely. 
Thus it is assumed that the motor cycle and sidecar would tend 
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tn replace the 'gari' in the peri-urban areas around Addis Ababa, 
and in the larger towns. In terms of speed and payload, the motor 
cych' one! sidecar has three to four times the transportation 
Ci1pacity of the 'gari ·. Thus, replacing half the fleet of 'gari' 
over a five year period would generate a de~and for about 300 
motor cycles and sidecar attachments per annum. The other role 
for this vehicle is to operate in the rural areas around the 
:;mall towns. There are about 300 small towns/markets of less 
than 2,000 people, and the same number with population of 2,000 
- 30,000 people. The use of motor cycles and sidecars in this 
application is likely to take time to develop, and the demand 
is difficult to predict. An initial estimate has been made as 
f 011 ows: 

One vehicle per annum in the 
larger small towns 300 units/annum 

One vehicle per annum in 50% 
of the smaller towns 150 units/annum 

Thus the total initial demand for motor cycles and sidecars is 
estimated at 750 units per annum. Since 'garis' will continue 
in use for some years, it is feasible for the proposed low cost 
vehicles industry to supply the wheel/axle assemblies for these, 
while production of the rest of the vehicle remains with the 
existing small workshops. Manufacture of wheel/axle assemblies 
fits in well with the production of the same items for animal
drawn carts. Based on the continued useage of about 5,000 gari, 
and a working life of ten years, there is an annual demand for 
about 500 wheel/axle assemblies per annum. 

The van/pick-up attachment to the standard motor cycle is only 
suitable for urban and peri-urban use, but provides a low cost 
commercial vehicle suitable for a range of cargo carrying r.eeds 
in the private sector, and in government agencies. Demand is 
very difficult to predict, but a f igGre of 250 units per annum 
has been assumed. 

The Basic Transport Vehicle (BTV) is dif fercnt from the other 
options considered here in that it is a direct substitute for 
conventional motor vehicles. It has the same operating character
istics as a conventional light commercial vehicle, tut offers 
some saving in cost (20 - 25%). Thus, its role in Ethiopia would 
be as a direct substitute for conventional light commercial 
vehicles, with the potential for assembly with some local con
tent. Table 3.21 details motor vehicle imports for the period 
1971 - 1983. These show that the vehicles for which the BTV could 
substitute (lorries of less than 1500 kg payload and buses with 
less than 15 seats), have only been imported in small quantities 
in recent years. However, analysis on the basis of its most 
likely uses indicate a higher potential demand. 

i) the fleet of about 4,000 blue taxis in Addis Ababa 
is very old. The BTV is used to provide similar 
services in cities in other countries. Replacement 
of the existing fleet of blue taxis by BTV over a five 
year period would yield an annual demand of 800 units. 
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TABLE 3.21: MOTOR VEHICLE IMPORTS 

Pas~_enger Four Wheel Lorries Lorries Buses Buses Total 
Caro Drives ( 1 500 kg ) 1500 kg <. 1 5 ) 1 5 

Pay Load Pay Load Passengers Passengers 

i 9 71 2,762 586 129 51 7 25 160 4' 179 

1972 1 . 929 525 142 591 127 66 3,380 

1973 ·.~ " lf ~~ lf ;~ ;( 

1 974 2,500 565 1 3 B 673 26 1 oc 4,002 

1 975 1 '7 32 627 273 691 106 96 3,525 
I 1976 1 '706 583 247 472 22 74 3' 1 04 l:'-

°°' I 1 977 1 '1 7 5 1 , 1 4 2 452 514 2 55 3,340 

1978 688 1 , 1 g 8 407 1 '51 2 20 1 7 3 3,998 

1979 507 1 , 0 35 165 628 1 4 21 2,370 

1980 487 1 '06 7 21 2 688 4 62 2,520 

1 9 81 590 6 91 79 1 , 24 7 + 65 2,672 

1982 1 • 1 56 1 ' J 21 59 832 ~~ + 57 3,425 

1983 1 J 1 5 2 :;)59 1 82 942 + 99 3. 3 34 

* No Data Available 
+ Included With Larger Buses 

.. -----------------· , 
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The more conservative assumption ot replacement over 
ten years gives an annual demand of 400 units; 

ii) a second likely role for the BTV is to provide inter
urban bus services. There are currently jusL over 3,000 
rPgistcrcd small buses (Table 3.2). Assuming a ten 
year life gives an annual replacement demand of 300 
units. 

Given the other possible uses of BTV as light commercial vehicles 
in the private sector, and by government agencies, the figures 
suggest there is a total potential demand of 1,500 - 2,000 units 
[K'r annum. 

3.8 CafJilcity of Plant 

The present study is in some respects unusual. The proposed 
project is not an attempt to substitute imports by locally manu
factured products, nor is it intended to generate foreign 
exchange by the export of processed raw materials. Rather the 
study has been perceived in the context of creating a demand 
for vehicles which arc unknown, or are used only to a limited 
extent at present, because of their potential to improve the 
transportation system in Ethiopia. Consequently the study has 
broader implications than simply an industrial project. It is 
also concerned with the definiton of, and changes in, government 
policies and strategies for the development of a transportation 
system appropriate to the economic and social conditions in 
Ethiopia. This has important implications for the execution of 
the stucy: 

i) the selection and specification of the products to 
be made in the factory is a key issue; 

ii) estimates of demand are imprecise because they have 
to be based on a number of assumptions, rather than 
relying primarily on import statistics or present 
consumption data; 

iii) demand is sensitive to actioni that might be taken 
by government to encourage the use of the vehicles. 

It is also unusual to establish a single plant to manufacture 
the range of vehicles, although the approach is sensible given 
the objectives of the project. As will be shown, there arc 
several good reasons for proposing a single plant to manufacture 
different types of low cost vehicle. 

The role of low cost vehicles in a country such as Ethiopia is 
primarily to provide transport over relatively short distances, 
and for the movement of relatively small loads (compared, for 
example, with a truck). They fit into the total transport system 
of the country in two ways: 

i) to provide improved transport capability in circum
stances where conventional motor vehicles cannot, or 
realistically will not, for reasons of poor terrain, 
high cost or non-availability, meet peoples' needs; 
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iii in situations where the use of low cost vehicles is 
more cost effective, or more economically efficient, 
than using a conventional motor vehicle. 

Uoth clements are particularly relevant to Ethiopia where the 
availability of conventional motor transport is limited (in terms 
both of vehicles and infrastructure), and where the need to 
c0nserve, and make the most efficient use of, foreign exchange 
is of crucial importance. In selecting those low cost vehicles 
to be made in a local industry, consideration has been given 
both to the conditions in Ethiopia (and in rural areas to the 
process of villagisation, an~ the development of peasants' 
associations and co-operatives) and to the different transport 
requirements. Eliminating long distance movement needs for which 
low cost vehicles are not suitable, the range of products 
proposed for local manufacture can meet the following needs: 

ii movement of rural people, agricultural and household 
goods, and of extension and other government personnel, 
in rural areas; 

ii) the linking of rural areas to local markets and small 
towns, both for the movement of goods and people; 

iii) the movement of people in and around small and lar9e 
urban centres; 

iv) the movement of goods in and around urban areas. 

The range of vehicles proposed offers the potential to make more 
use of indigenous energy resources for transport by encouraging 
bicycles and animal-drawn carts. The range proposed is also 
intended to develop the use of low capital cost, low fuel 
consumption, motor vehicles where these can meet movement needs 
more efficiently (in terms of national resources) than larger 
vehicles. Finally, in identifying low cost vehi~les for rural 
areas, particular attention has been given to those that can 
be used away from the engineered road network on earth tracks, 
footpaths etc. The use of such vehicles would mean that the 
development of the rural transport system in Ethiopia is not 
totaliy dependent on the extension of the engineered road network 
and the maintenance of the existing roads. 

Although it is difficult to make precise estimates of 0emand 
it is necessary, in order to identify the appropriate design 
and production technologies, and to determine the level of local 
content that can be achieved, to define a capacity for the 
plant. Based on the demand estimate, the detailed engineering 
analysis has been carried out on the basis of an annual capacitv, 
on a single shift basis, of: · -

Bicycles 
Motor Cycles 
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Animal Carts 
Bicycle Trailers 
Motorcycle Attachments 

1 
4,000 Units 
1,000 Units 
l,250 Units 

Thvsc fiqures allow, for eac~ of the vehicle categories, some 
excess of µl.int capacity above the estimated demand. The output 
c1f motor cycles includes those to be used with attachments. The 
outuut ot: animal cnrts includes gari . 

Although a key objective of the project is to create demand for 
mvans of transport appropriate to Ethiopian requirements it is 
considered desirable that: 

i) the plant should commence production with a limited 
range of vehicles rather than including a wide range 
of different technologies. This is important to ensure 
that the integrated plant is manageable, and that 
reasonable economics of scale are reached in pro
duction. It is for this reason that emphasis is placed 
on the manufacture of attachments to bicycles and motor 
cycles, to adapt them to different uses, rather than 
widening the range of "special purpose" technologies; 

ii) the plant capacity should not be set at an unrealistic
ally high level in the hope that, simply by producing 
large numbers of low cost vehicles, their widespread 
use will be ensured. 

However, as low cost vehicles become mar~ easily available, as 
measL 2s to encourage their use are applied, and as people become 
more aware of the potential of those means of transport which 
arc new to Ethiopia, demand will increase and new requirements 
wi11 cmcrqe. [n particular one can expect a significant increase 
in dcm.ind for the innovative, passenger and ~argo carrying 
vehicles .is they become established. It is therefr c important 
that the [>ro~osed plant should be planned so that it has the 
car1,1bi l i ty to: 

1. 

i) 

i i ) 

increase production in response to demand; 

alter the mix of prodccts manufactured to meet changing 
requirements; 

ii) introduce new types of low cost vehicle as specific 
nr.:ccls arc identified; 

iv) develop local design innovations, rather than simply 
introduce vehicles used in other countries. 

for reasons discussed in Chapter 4, it is proposed that 
the plant should concentrate on the manufacture of the 
wheel/axle assemblies of carts. 
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In other words the proposed p13nc capacity is perceived as 
providing the basis for the long term development of the use 
of low cost vehicles as a major, integral part of the transport 
system in Ethiopia. Three factors are particularly important 
1n ensuring that the plant has the capability defined above: 

i) the capacity level is based on single shift operation. 
Capacity can be nearly doubled by expanding to two 
shift operation; 

ii) the bicycle and the motor cycle are the two most 
complex technologies, and those which require the 
yreatest capital investment. The production tech
nologies proposed for these vehicles will remain 
economically efficient for substantial increases in 
output. For example, if demand for motor cycles doubled 
from 5,000 to 10,000 units per year, there would, in 
general, be no advantage in changing the production 
methods used. Rather at the higher level of output 
the priority would be to invest in additional equipment 
to increase the local content; 

iii) the manufacture of the different vehicles in an inte
grated plant is important in maximising the local 
content that is viable at the output levels proposed, 
since many of the production facilities will be shared 
by different products. However, it also has other 
advantages. First, it means that the focus will be 
on the supply of low cost vehicles as a entity, rather 
than on a single product. Second it provides the flexi
bility to change the mix of production, to increase 
output of one vehicle, reduce output of another, or 
introduce an additional design, as demand dictates. An 
important contributor to this flexibility is that many 
of the production operations use standard manufacturing 
equipment rather than high output special purpose 
machinery. Thus it is easy to alter the mix of pro
ducts, and it is possible to increase output by incre
mental stages (cg. by the purchase of additional items 
of equipment or the employment· of extra staff), rather 
than by the installation of a second production line 
to double capacity. This flexibility is greatest for 
cargo and passenger carrying vehicles which arc new 
to Ethiopia and for which the demand levels arc least 
certain, but are most likely to grow as the vehicles 
become more familiar. Finally an integrated plant 
provides the basis for developing expertise in the 
technology of low cost vehicles and thus the capability 
to adopt or design vehicles to suit local requirements. 

~cfcrcnce was made earlier to the sensitivity of demand tor low 
cost vehicles to measures to encourage their use. There are 
several aspectf to this. 

i ) it is important that the plant is established with 
a marketing capability and strategy to maximise the 
sales of the low cost V8hicles, and a distribution 
system to ensure that they ar~ rnade available 
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throughout the country. Since some of the proposed 
vehicles are new to Ethiopia it will be necessary to 
generate awareness of their availability, their 
capability, and their applications; 

i1) a major factor in the acceptance, and longer term 
expansion, of the use of low cost vehicles will be 
the development of sp3re parts distribution network 
and of the capability to repair and maintain the 
vehicles. One of the factors taken into account in 
selecting the range of vehicles to be produced is the 
case with which maintenance capability can be 
developed; 

iii) in implementing a policy that develops the role of 
low cost vehicles in the transport system, there are 
a variety of specific measures which the government 
can take to stimulate their use. There are precedents 
in other countries for government to take an active 
role in stimulating the use of low cost vehicles. For 
example, in both China and Vietnam, in order to 
encourage the use of non-motorised means of rural 
transport, industries were established to produce 
cheaply and in large number, and to distribute to rural 
workshops, standard engineered components (wheels/ 
bearings/axles) for animal carts, handcarts and wheel
barrows. In India, between 1960 and 1975 rapid growth 
in the use of motor cycles and motorised three wheelers 
was achieved while the stock of conventional motor 
vehicles grew only slowly. This was accomplished by 
measures to stimulate manufacture of the former, while 
restricting output of the latter. 

The establishment of a low cost vehicles plant is a 
key element in developing their use, but there are 
other measures that Government can take: 

* the demand for low cost vehicles in a low w~ge 
economy is very sensitive to price. The production 
of these vehicles in a public sector plant can 
result in a significant reduction in sales 

price. However the final price will depend on 
the level of profit margin determined for the 
plant, and whether it is considered worthwhile 
to subsidise the cost of certain vehicles as is 
done with the small number o[ carts currently 
produced at Assela Technology Centre. In estimat
ing sales prices, full allowance has been made 
for import duties on bicycle (15%), motor cycle 
(40%) parts and imported raw materials and for 
municipal, transaction and excise taxes. A 
reduction in duties on imported parts for locally 
produced vehicles would lower sales prices, par
ticularly for the motor cycle and load carrying 
odaptations based on it; 

given the low income levels in Ethiopia, the 
demand for any type of low cost vehicle will be 
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* 

* 

sensitive to the availability of credit for its 
purchase. The development of a credit facility 
that makes loans available to individuals, farmers 
associations and co-operatives for the purchase 
of load carrying low cost vehicles would stimulate 
demand. For the basic personal means of transport, 
the bicycle, credit schemes could be deveioped 
through factories and labour unions; 

the government can stimulate demand, and set the 
pattern for encouraging low cost vehicles by 
making the maximum use of them for its own 
operations; 

in the short term, use of low cost vehicles must 
be based on existing infrastructure. However, 
as use of low cost vehicles increases, and their 
roles are clearly defined, infrastructure can 
be developed to suit their requirements, rather 
than focussing solely on the construction of roads 
engineered for conventional motor vehicles. For 
example, in rural areas where the use of animal 
carts to link villages to markets is appropriate, 
low specification but well engineered cart tracks 
can be developed in preference to more expensive 
motorable roads; 

it is important to ensure that the use of low 
cost motor vehicles is not constrained by 
legislation (e.g. licencing, operating restrict
ions etc.) introduced before such vehicles become 
available, which does not take their use into 
consideration. 

It should be noted that the capacity of the proposed low cost 
vehicles plant has been determined on the basis of domestic 
consumption. While there is some potential for exporting some 
of the products for the plant: 

3 " • 7 

i) it is likely to be a long term development; 

ii) at this stage it is difficult to predict a realistic 
level of exports; 

iii) a number of other countries in the region which are 
potential markets already have, or have the capacity 
to develop, local assembly/manufacturing industries 
for bicycles, and for motor cycles and carts. 

~u._,.ic lransr"ort \.'chicles 

In the discussion of demand, reference was made to the potential 
for Basic Transport Vehicles (BTV). They have not however, been 
included in the capacity of the proposed plant, for two reasons: 

i) in the terms in which the study is perceived, it is 
questionable whether BTV's are 'low cost' vehicles. The 
focus of the study is on means of transport which are 
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much cheaper than conventional motor vehicles (25% 
of the cost or less) and have quite different operatir.J 
capabilities. The reasons for examining the potential 
of low ccst vehicles arc largely related to these 
distinctive characteristics. The BTV on the other hand 
is a somewhat cheaper version of, but has essentially 
the same operating capabilities as, a conventional 
light commercial vehicle. 

iii the manufacturing technology of the BTV does not fit 
with the other vehicles selected. It is a much larger, 
and heavier vehicle, and has different requirements 
in terms of manufacturing plant, material handling 
equipment, assembly methods and painting ;3cilities. It 
would fit more easily into a facility such as the AMCE 
factory, or the bus assembly plant in Asmara rather 
than the proposed low cost vehicles industry. 

However, the BTV is worthy of further consideration in Ethiopia. 
There is clearly a role for light commercial vehicles which could 
be fulfilled by the BTV. It could be made available more cheaply 
than a conventional vehicle, and could be produced with a 
significant level of local content. The automotive sector in 
Ethiopia at present consists of truck, bus and tractor assembly, 
all of which are in the process of expansion, and a very limited 
ancillary components industry. In this study the production of 
motor cycles and other low cost motor vehicles is being 
examined. The gap that remains, in terms of the development of 
a coherent automotive sector, is light commercial vehicles. The 
production of BTV's would fill this gap and, in conjunction with 
the other initiatives, stimulate thP development of the ancillary 
components industry. 
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4. DESIGN ANU PRODUCTION TECHNOLOGY 

4.1 Bicycle 

4.1.l Design Technology 

There arc a ranqc of types of bicycle in different parts of the 
world, for a variety of different applications. The chara
ctcrirtics of the main types of adult bicycle t1re sununarised 
below . 

Roadster Bicycle 

This is the conventional general purpose bicycle used for 
personal transport and, in developing countries, for load 
carrying. The bicycle has an upright riding position with 
horizontal handlebars, and 26 or 28 inch diameter spoked 
wheels with l 3/8 or 1 1/2 inch tyre section. Male ~odels 
have a diamond frame, female models a double down tube 
frame. The frame is made from steel tube and is normally 
of lugged and brazed, but through sometimes welded, 
construction. The bicycle is fitted with rod or cable 
operated rim brakes, though in some countries hub brakes 
or back pedalling rear brakes are used. The chain drive 
transmission is either single speed, or has a three speed 
hub gearbox. The bicycle is fitted with full mudguards. 

Sports/Racing Bicycle 

This bicycle is designed for recreational and competition 
use and the emphasis is on light weight and high 
efficiency. It has drop handlebars, allowing a crouched 
riding position. Wheels arc normally 27 inch diameter, with 
1 1/4 inch tyre section, un aluminium alloy rims. Male 
models have a diamond frame, female models either a double 
down tube or a cantilever frame. The frame is made up of 
high strength alloy steel tubes, usually butted at the joint 
ends, and is of lugged and brazed construction. 

The bicycle is fitted with cable operated rim brakes. Multi
speed deraillcur type transmission is used with 5 - 12 
speeds. Lightweight alloy transmission components are 
common. 

Small-Wheeled Bicycle 

This type of bicycle has become increasingly common in 
industrialised countries in recent years, for general 
purpose personal transport. It has an upright riding 
position with horizontal handlebars and the wheels are 16 
- 20 inch diameter with 1 3/8 inch tyre section. The frame 
is of II or step-through configuration and is suitable for 
both male and female riders. The main frame is made from 

1. Note: It remains standard practice to specify many features 
of bicycles in inch rather than metric dimensions. Inch 
dimensions are therefore used in these descriptions 
where appropriate. 



relatively large section tube and is usually of welded 
construction. Cable operated rim, drum or coaster brakes 
are fitted and the transmission is either single speed, 
or incorporates a three speed h~b gearbox. The bicycle is 
fitted with full mudguards. There arc various adaptations 
of this category of bicycle, including folding versions. 

All-Terrain Bicycle (ATB) 

This type of bicycle is a relatively recent development, 
and evolved originally in America, for "off-road" 
recreational use on tracks and trails. It has a fc>.irly 
upright riding position with horizontal, but very wide, 
handlebars. The wheels are 26 inch diameter, but with wide 
2 1/4 inch section tyres. The frame is a diamond type, but 
of heavy duty specification using high quality steel tube. 
The bicycle has cable operated rim brakes, and a derailleur 
gear transmission system with up to 18 speeds, including 
low ratios for difficult or steep terrain. 

In addition to these adult bicycles, childrens and juvenile 
models are produced most of which are simpler and lower 
specification versions ot the adult types. However, a juvenile 
bicycle that has become popular in recent years is the BMX. It 
is intended for play and sporting use, and is of heavy-duty 
construction. It has a lozenge (essentially a squashed diamond) 
frame and has generated several innovations, most notably: 

* 

* 

* 

reinforced thermoplastic moulded wheels; 

use of oval, rather than round, section main frame 
tubes; 

constant, circular cross section front fork blades, 
with leading fork ends. 

The pace of development of product technology in the cycle 
sectors is much slower than in the automotive or motor cycle 
industries. Much of the development has focussed on new, 
specialised products such as BMX and ATB bicycles and on the 
refinement of the sports bicycle for the enthusiast. The 
evolution of roadster and small-wheeled bicycles, which in world 
terms constitute the major part of the total market, and which 
provide practical transport, has been relatively slow. The most 
significant innovation in the last thirty years has been the 
emergence of the small-wheeled category. There have been many 
other attempts at innovation which have either failed, or found 
only a very limited market. Examples of such unsuccessful 
modifications include: 

* 

* 

* 

* 

the use of suspension on front and rear wheels; 

transmission systems which avoid the use of pedals 
and chain; 

continuously variable chain drive transmissions (as 
an alternative to hub or derailleur gears); 

disc brake; 
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* plastic and aluminium as alternatives to steel tubes 
for frumes; 

* t•uncturc proof or puncture res ist.:rnt tyres. 

ln Ethio:iia the prunary demand for bicycles is as a basic, 
durable means of transport, often on poorly surfaced or rough 
roads. A bicycle is an expensive purchase for most Ethiopians, 
and therefore the specification selected must be robust and have 
a long useful life of ten years or more. However it is important 
to keep the price low in order to bring the bicycle within the 
means of as many Ethiopians as possible. Thus the specification 
St'lt~cted should l-ro.·ide the optimum mix of low init:ial cost and 
hiqh durability. 

The most suitable type of bicycle to be manufactured in Ethiopia 
is the roadster model. Sports bicycles are expensive and special
is•'cl, .'lnd arc not intended for general purpose personcil transport 
or for goods carrying. The small-wheeled bicycle, while well 
suited to urban personal transport in developed countries, is 
not a particularly robust model, and the small wheels are a 
disadvantage on rough or pot-holed roads. The specification of 
':.tic a 11-terrain bicycl~ has certain attra.ctions for use in rural 
areas, but this type of bicycle is very expensive (250 - 300% 
of the cost of a typical roadster or small wheeler) and would 
have only a limited market in Ethiopia. 

The roadster category of bicycle encompasses a range of 
specification options. The major technical issues in defining 
the appropriate specification for Ethiopia are as follows: 

ii Frame Construction 

ii) 

Most roadster bicycles use lugged and brazed frame 
construction. High quality diamond frames, as typically 
used on sports bicycles, use butted tubes where the 
thickness of the tube, (but not the outside diameter) 
is increased at the ends where joints arc to be made. 
This gives the most efficient brazed joint but is 
expensive since it requires special tubing. Typical 
roadster frames arc made from standard, welded mild 
steel tube but with liners inserted at the jointed 
ends. This gives a similar effect to using butted tube, 
but is cheaper, and allows the frame to be built from 
standard steel sections. Some roadster frames are of 
welded construction. These dispen~~ with the lugs 
altogether, and the joints are made simply by welding 
the adjoining tubes. Welded frames have the advantage 
of reducing the number of components, but the joints 
are less strong than the lugged type, and the quality 
of welding is critical. Given the requirement for a 
durable, robust bicycle in Ethiopia, lugged and brazed 
joints arc preferable. 

Brakes, Wheels and Handlebars 

The choice of brakes used on the bicycle determines 
the specification of the wheels and handlebars fitted. 
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With rod actuated rim brakes, the movement of the brake 
blocks when the brakes are engaged is radially outwards 
towards the rim. This requires the use of a "Westwood" 
section rim which has the braking surfaces on its 
underside. Hod brakes require a handlebar which curves 
to t~e rear, so that the handgrips arc parallel to 
the plane of the frame, to provide the necessary 
mechanical advantage on the lever when the brakes are 
arplied. 

With cable actuated rim brakes, the movement of the 
brake blocks when the brakes are engaged is laterally 
inwards toward the rim. This requires the use of an 
"Endrick" section rim which has the braking surfaces 
on the sides. With cable brakes the handlebars can 
be of any shape. For a roadster it is normal to use 
"straight" handlebars where the grips are angled only 
slightly back from a plane perpendicular to the frame. 

Orum brakes have the advantage that they are protected 
from rain and therefore maintain their efficiency in 
the wet. However they are too expensive to suit the 
main market for bicycles in Ethiopia. 

The back pedalled brake (also known as a coaster 
brake), is fitted only on the rear wheel. It is 
operated, as its name suggests, by pedalling back
wards. Its advantages are that it is protected from 
rain, and it eliminates tlie need for a lever and 
linkage to operate the rear brake. However, its 
efficiency depends on the position of the pedals when 
the brake is applied. 

Of the two major options, rod or cable, cable-braked 
b_;_cycles have the more 'modern' image. However it is 
proposed that rod brakes be used for the basic speci
fication of Ethiopian bicycle. The main reason is that 
the Westwood rim is stronger than the Endrick, and 
takes a wider tyre. (l l/2 inch rather than 1 3/8 inch 
section). It is therefore better suited to road con
ditions in Ethiopia. Based on observation in towns 
such as Nazareth where bicycles are quite popular, 
it is also the most common type of bicycle in the 
c~untry. However it is feasible to produce both rod 
Clnd cable braked models using idcnticCll framPs Clnd 
many common components, in the same factory. 

iii) Gearing 

Given the terrain in Ethiopia, the use of three sp00d 
hub gearbox on bicycles would appear to be advant
ageous. However, while the three speed hub has been 
used in some parts of the world for many years, it 
remains rare in the developing countries of Africa 
and Asia. Apart from the fact that it increases the 
cost of the bicycle, the main reason for this is that 
it is a complex device (based on the epicyclic prin
ciple), requires careful adjustment to operate 
effectively and is difficult to repair. 
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It is recorrunended that the basic specification of bicycle to 
be used in planning the development of an industry in Ethiopia, 
is a heavy duty roadster bicycle with single speed chain drive, 
rod brakes, .:ind 28 inch x 1 1/2 inch spoked wheels. This con
tinuc•s to be the most populur type of bicycle in the developing 
countries of Asia and Africa, and is therefore appropriate to 
conditions in Ethiopia. There is unother reason for selecting 
this Sf•c•cification. Two of the major so;_1rces of product and 
manufacturing technology for this type of bicycle are India, 
,ind the· Peoples, Republic of China, both of which have major 
cycle industries. Both countries are low cost sources of complete 
bicycles and components and the use of this type of technology 
will be a major factor in keeping production costs and sales 
f •rices 1 ow in Ethiopia. There a re sever a 1 variations on the basic 
:;["·cification: 

i ) 

i i ) 

Frame Size 

Bicycles are normally offered in a range of frame 
sizes. Frame size is conventionally measured in inches, 
along the centre line of the seat tube, from the centre 
of the bottom bracket axle to the top of the seat lug. 
Changes in frame size affect only the height, not the 
length, of the bicycle and are achieved by altering 
the length of the seat and head tubes. 

Ladies' Frame 

The conventional diamond frame is not suitable for 
use by women wearing skirts. A ladies' frame has no 
top tube, but two down tubes. 

iii) Double Top Tube Model 

iv) 

A common variation of the standard roadster diamond 
frame is the fitt_ng of a second top tube, and this 
model appears to be quite popular in Ethiopia. The 
second tube impr0ves the strength of the frame, and 
in particular increases the capacity for carrying loads 
supported on the cross-bar. 

Accessories 

There arc a range of accessories that can be added 
to the basic bicycle specification defined above, 
according to the user's requirements: 

Pump 

Be 11 

Chain Cover 

For inflating tyres. 

For warning pedestrians or other 
vehicles. 

A chain cover fitted over the upper 
side of the chain and chainwhecl 
prevents clothes being dirtied 
or trapped in the chain. A fully 
enclosed chain case performs this 
function, and also protects the 
chain drive from dust. The chain 
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v) 

Luggoqe Carrier 

Stand 

Lighting Set 

Mud Flap 

Lock 

Tool Kit 

Peda 1 s 

case can be designed to hold a 
reservoir of oil to keep the chain 
lubricated. 

A carrier fitted over the rear 
wheel, and attached to the rear 
axle, provides a platform for 
carrying loads. 

A pivotting stand allows the 
bicycle to be parked easily. The 
simpler type is c 1 amped to the 
chain stays and pivots sideways, 
so that the bicycle is parked at 
an angle. A second type pivots 
around the line of rear wheel axle 
and allows the bicycle to be parked 
vertically, with the rear wheel 
clear of the ground. 

The fitting of lights front and 
rear improves visibility at night 
and, more important, allows the 
bicycle to be seen by other 
vehicles. Lamps can be of the dry 
battery type, or powered from a 
dynamo driven by the bicycle 
wheel. The latter type consumes 
some of the rider's effort and, 
unless an accumulator is built 
into the system, ceases to 
illuminate when the rider stops 
(e.g. at a junction). 

Flexible mud flaps fitted at the 
base of the front and rear mud
guards provide additional pro
tection from road spray in wet 
weather. 

A lock provides security from 
theft. The most common type is 
the ring lock, attached to the 
seat stay, which clamps around 
the rear wheel rim. 

The provision of a simple tool 
kit facilitates repair and 
maintenance of the bicycle. 

The pedal specified is the type most commonly used 
in developing countries. It consists of two rubber 
blocks, one each side of the pedal axle. It is durable, 
but quite complicated to manufacture because of the 
number of components. For local manufacture, a simpler 
alternative is a single rubber block with the pedal 
axle passing through it. 
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vi) Mudguard 

The mudguard specified is typical of Indian practice 
and again is relatively complicated. The stay assembly 
consists of a bridge, spot-welded to the mudguard, 
~nd two stays each threaded at one end for attachment 
to the bridge, with pressed tabs at the other end for 
attachment to the wheel axle. This arrangement allows 
the set of the mudguard to be adjusted. However, for 
local manufacture an alternative is to make the stay 
assembly from a sinyle ~1ece of bent wire. 

vii) Colours 

Traditionally, the developing country ~oadster bicycle 
is painted black. Using only a single colour simplifies 
control of the painting process, but Lhere is no 
practial reason why the bicycles should not be offered 
in a range of brighter colours. 

viii)Brake Blocks 

The standard rubber brake block, operating on the 
chrome plated wheel rim, provides effective braking 
in dry weather. However in wet conditions braking 
efficiency is greatly reduced. a recent innovation 
is leather-faced brake blocks, which offer improved 
wet-weather braking efficiency. 

Because of its usefulness as a load carrier, adaptations of the 
bicycle have evolved in certain countries to increase its carry
ing capacity. In countries such as Laos and Vietnam it is common 
uracticc to carry passengers on a bicycle. To facilitate this, 
a padded cushion is attached to the rear carrier as a scat, and 
footrests are provided by extending the length of the rear axle. 
In Indonesia and Vietnam the strength of the bicycle is in
creased, to allow a greater weight of cargo to be moved, by 
reinforcing the front fork, using a double top tube frame, fit
ting a heavy duty rear wheel rim and tyre, and by increasing 
the thickness and/or the number of rear spokes. In addition to 
the rear carrier, another convenient location for placing loads 
is over the front wheel. Front carriers are available as an 
accessory, but are attached so that they turn with the front 
fork when steering.This makes steering control difficult if a 
heavy load is carried. An adaptation of the roadster model, known 
as a carrier bicycle, has the front carrier attached to the front 
of the bicycle frame. A refinement of this is the low gravity 
carrier which has a smaller (20 inch diameter) front wheel, 
providing a larger load carrying area. 

In summary it is proposed that the development of the bicycle 
industry in Ethiopia should be based around a standard heavy 
duty roadster model, produced in a range of frame sizes, with 
a double top tube frame as an option, a female frame if there 
is sufficient demand for this, and with a range of accessories 
available to suit customer requirements. As local manufacturing 
content is increased there are likely to be design modifications 
to facilitate production. This basic bicycle can be adapted in 
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the ways described above to increase its load carrying capacity 
either by offering such options from the factory, or leaving 
these adaptions to small-scale industries. 

While the heavy-duty roadster bicycle will meet the main 
potcntic:ll demand - for cheap, basic transport - there is u lso 
likely to be some demund for other specifications. It is quite 
feasibl<' to build these alternatives into the activities of the 
bicycle industry, both in terms of assembly, and of local manu
fucture. for example, a cable braked roadster bicycle could be 
offered alongside the rod-braked model, with most of the compon
ents and sub-assemblies common. Similarly coaster brake or three 
speed rear hubs could be offered as options, though the hubs 
would have to be imported. As the industry becomes established, 
the product range can be expanded to include juvenile and sports 
bicycles if the demand make it economically worthwhile. However, 
initially it is sensible to concentrate on the heavy duty road
ster bicycle, and it is on this model that the production 
engineering analysis is based. Table 4.1 gives an outline 
specification. 

4. 1.2 Production Technology 

The bicycle industry is international, with la~ge, medium and 
small-scale manufacturers in many countries i•1 Eastern and 
Western Europe, Asia, Latin America, North Am~rica and in 
Africa. The large-scale manufacturers have outputs of up to 3 
million units per annum. In developing countries, large-scale 
cycle industries have evolved in China, India and Taiwan, and 
~hey are now significant exporters of both complete products 
and components to countries in Africa and elsewhere. They have 
been able to penetrate these markets because of the suitability 
of their products in other developing eountries, and the low 
cost of their components. The nature of smaller scale manufact
urers varies. In developed countries they tend to concentrate 
on s1>ecialist bicycles, buying in most of the components but 
making the frames in-house. In less populous developing countries 
~f Africa and Asia where small-scale industries have been set 
up to meet domestic demand (cg. Kenya) as much of the bicyclt 
as is economically viable is manufactured locally, and the 
remaining components arc either puchased from a variety of 
sources, or supplied by an overseas collaborator. In India a 
:;iynificant small-scale sector has developed, which includes 
some bicycle manufacturers, and many suppliers of components 
to the major companies. 

The desic3n of the roadster bicycle that wil 1 form the basis of 
the industry in Ethiopia is international. It is produced by 
several companies in different countries, with only minor, detail 
design differences. 
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TABLE 4.1 ROADSTER BICYCLE SPECIFICATION 

Fr,1me: 

Front \vhcc 1: 

Reel r \'/hce 1 : 

Transmission: 

Hc:indleb.:ir and 
Brakes: 

Mudguards: 

Sade! le: 

lliomoncl millc ro.:1dstL•r, with lugged ond brazed 
joints elncl c!ete1chabl e scat stays. l t) inch, 21 
inch one! 23 inch f relmc sizes. 
Options: double top tube frame; 

- double clown tube female frame. 

28 inch x L/2 inch tyre and Westwood rim; 
32 x 14 gouyc spokes; 
S.116 inch diameter clXle; 
13all bcc1riny hu~) with adjustable cone. 

28 inch x l 1/2 inch tyre and Westwood rim; 
40 x 14 ge1uge spokes; 
3/8 inch die1mctcr axle; 
Ball bearing hub with adjustable cone. 

Single speed, with 46 tooth chainwheel, 18 tooth 
freewheel and 1/2 inch pitch by 1/8 inch wide 
chain; 
7 inch cranks with double rubber block pedals. 

Roadster handlebar with roller brake levers; 
Pull-up rod-actuated rim brakes on front and rear 
wheels; 
Rubber brake blocks. 

Full length steel rolled mudguards with adjustable 
st.:iys. 

Fully ~;prung leather soddle. 

Accessories to be offcrrd: 

chain cover 
pump 
be 11 
lightinq Sf't 

carrier 
stoncl 
lock 
tool kit 
mud fl;ips 

-(i2-



The three most likely sources of technology for Ethiopia are 
China, Indiet and Taiwetn, simply because their costs etre signifi
cantly lower than other countries. Of the three Tetiwan should 
be discountc•d bccuusc the quality of its products is generally 
µoorcr than the ott1er two. The production technology of bicycle 
rn,1r:uf.1cturc io; to a large extent international lllthouqh in high 
·...::1q» d\'•:clopcc! economies it is more• capital-intensive ~h<in in, 
for "xampl·~·. many of the Asian industries. However, there is 
one signf icant difference in the [lroduction technologies avail
,1ble from Chinll llnd Indin. The Indian industry has l1 substantiul 
small-scale sector within which production methods, special
puqiosc· machinery und tooling have been evolved to allow 
··ff1cicnt munufacture at rcllltivcly low outputs. The Chinese~ 
inclu~;try, on the other twncl, is primorily l;inJL' seal(•. Giv•.:n 
thett the two design technologies arc identical, lndio therefore 
c1ffers the more appr~pf iatc source of production technology for 
cor.ditions in Ethiopia . However, it is prudent to investigate 
hoth options before mnking a final decision. 

lt would be possible tu devel0p a bicycle industry in Ethiopia 
without a formal collaboration agreement with an overseas source 
of technology. Components could be purchased from the world 
market and assembled locally and, over a period of years, local 
manufacture could be developed. However, collaboration with an 
overseas source of technology has significant advantages: 

ii it 2nsures the supply of components to consistent 
dimensional standards, which can be assembled into 
complete bicycles without problems, and which will 
be compatible with locally manufactured parts; 

ii) it provides the "know-how", the training capability 
and the source of special-purpose machinery and 
tooling, to develop the locoL content of the bicycles 
a s rap id 1 y a s po '3 s i b l r· . 

Tl1w; a t••chnicill col labor.:ition agreement with an ovcrseils 
111iH1Llfclcturcr need nut involve th~ production of their product, 
usinq ~heir brond name. Hather the llqre('rtH•nt wou lei cover the 
following clements: 

i) the suppl;· of imported components, to z1n ,1qrccd pricinq 
structure, for a fixc'cl period of tiw:; 

ii) the provision of "know-how" ilnd th•· :·;tq,ply of specidl
purposc rnilchin(!ry ond tool iny to an <HJrr:('d proqrarnrnc 
for clcvclopi.ici local content; 

iii) the pro·vi:;ion of tri1ininq in production methods and 
, • ' • J -- 1 

l i LI ( l l L L y "--- u 11 L .L 1..) J. • 

------·-------·-
!. The Chinese have' made a prclirnini11 
<1 bicycle assembly pL:rnt in Ethiopia. 
output is hiqh (50,000 units per annur· 
indication that it would develop frorr, ,, 
ma nu fact urc. 

:>ropo;;:1l to establi:~h 
·;r;vcr, th(~ proposed 
irnd there is no 
:c;cmb 1 y to I oca l 
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The programme for development of local content should include 
provision for adapting technology, or using alternative 
tech no l ages for specific processes, where appropriate. t'\ l so the 
items of standard manufacturing equipment required need not be 
sourced from India but can be purchased on the world market. 

(Jnce the planned level of local content is achieved and technical 
expertise has been developed in the Ethiopian industry, the need 
for overseas technical collaboration will cease, and components 
can then be sourced from the world market on the basis of 
competitive bidding. The collaboration agreement should there
fore be for a fixed period of time. However it may µrove 
appropriate to extend the collaboration, and increase the level 
of local content further, as demand ircrcascs to justify this. 

4. 2 Motor Cycle 

4.2. l Design Technology 

The term motor cycle embraces a range of products which can be 
classified in broad terms (though there is a degree of overlap 
between categories) as follows: 

Power Assisted Bicycles 

Such devices have a long history in I )pe, though thier 
use is now rare. Two Indian manufacturers have developed 
35 cc petrol engine and transmission assemblies which can 
be attached to a standard bicycle. The resulting machine 
is "power assisted" in that the rider pedals to build up 
speed, which in turns starts the engine. Similarly under 
high load conditions (cg. travelling uphill), the rider 
must pcdc:Jl tc assist the motor. This device constitutes 
the cheapest form of "motor cycle" but involve:-; a consider
able clcgn'c of compromise. The higher travel speed <illow<~c! 

by the engine, and its vibration, tend to cause damage 
to other parts of the bicycle, particularly front wheel 
and forks. A vari<ition on this appro<ich is the bicycle 
assisted by an electric motor, which is finding a minority 
m<irket in Europe c:Jnd the USA. 

Velo-Sol ex 

Vel0-So1Px is a French trade name which describes a vehicle 
similar in configuration, through different and stronger 
in form of construction, to a bicycle. Mounted on <l frc:Jme 
i1bove thf• front wheel is a small petrol engine driving 
a friction roller which in turn drives the front wheel. The 
rider starts the vehicle by pedalling. He then engages 
a lever which lowers the drive roller on to the front 
wheel. This starts the engine which then propels the 
vehicle. Thus the Velo-Solex is motor assisted. Velo-Solex 
motor cycle:-; arc very common in France, in part because 
they arc exempt from many of the age and safety 
restrictions on the riding of conventionc:Jl motor cycles. 
They have also become quite popular in Francophone areas 
of Africa c:Jnd Asia. 

' 



Moped 

The' name moped der i vcs t rom the f i1Ct thci t it is c1 motor 
c1nd pedal driven vehicle. Over the· rast thirty years it 
hcis become a popular mc<rns of trzrnsport in m<1ny p,1rts of 
t h .__, w or l cl Ll n d t h c rt._' h il s b, 'e n s u b s t ci n t i a l c v o l u t i on i n 
dc•siyn. Tht_• bilsic mO[>t~d, from which recent devclop1w'nts 
ha1.»_: evolved, hos the followirnJ chC1rC1ctcristics: 

i) sc•rni "step-though" fr.:unc, of pressed stct.'l 
construcc.ion; 

ii ) spoked wheels, about 500 mm diameter; 

iii) leadiny itrm front suspension and no, or simple• 
swinging arm, rr.:ar suspension; 

iv) 4~ cc single cylinder two-stoke engine, with 
single speed chciin drive transmission to the 
rccir wheel; 

v) auxiliary pedal drive for starting, Lind for 
assistance to the motor on steep hills. 

The basic moped is less dependent on the pedal drive than 
the two categories decribed above, and became popular as 
the cheapest, convenient means of motorised personal urban 
transport. The limitation on engine size of less than 50 
cc was the result of vehicle licencing regulations in some 
countries, though some of the more recent evolutions in 
design have engines of 70 or 80 cc. The most important 
recent evolutions of this basic moped specification are 
<1s follows: 

i) with increcis1ng power output from small engines 
(and in countries where the regulations dllcw 
it) the clel•'tion of the pedals cind the intro
duction of a kick starter, with a centrifugal 
clutch to engage the drive to the wheels; 

ii) the use of more complex suspension systems, front 
and n~ar, including telescopic front forks; 

iii) the introduction of two or three speed, usuillly 
<1utomC1tic, tran~;rnis:oi.on systems; 

iv) the use of smaller wheels, usually mcidc as 
alumirium die castings; 

v) tuhular. rather than ~Jrcssed stPcl, (ramf~ 

construction, some of the latest designs being 
based on a single, large diameter backbone tube; 

vi) most recently, the use of belt or shaft drive 
transmissions, and changes in configuration so 
that, from the user's point of view, some of 
the latest designs have many of the 
characteristics of a motor scooter (sec below). 
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Motor Scooter 

The motor scooter WLls oriqinally developed by the Piaggio 
Com[1L1ny in 1Llly in the late 1940's. USULllly powt:>red by 
~ 125 cc - 200 cc sinqlc cylinder enginv, it differs from 
th·_: configuration of Ll convcntion.:11 motor cycle in th,1t 
it r1'1S sm.:111 wh•.:•·ls, ,incl the engine is in unit with the' 
rc,1r wh•'el with, in the case of the Piaggio dcsiqns, ,1 
dir1.'ct drive. This C1llows the use of i1 "step through" 
trame, witn the riding position closer to thC1t of a cC1r 
than Cl motor cycle, and the foot controls on the floor
board, rather thC1n at the sides of the machine. Thus the 
motor scooter provides a more comfortable, clcar1'r riclinq 
[>osition than a convcntioni11 motor cycle. 

General Purpose Motor Cycle (100 - 250 cc) 

This category includes the basic, low cost, cheap to 
operate, low capacity conventional motor cycles used to 
provide convenient trC1r.sport for one or two people and, 
in developing counLrics, with various adaptations, as load 
carriers. The main characteristics are: 

ii conventional layout with the engine behind the 
front wheel and the fuel tank above it, two 
seater saddle, straight handlebars and close 
fitting front mudguard; 

ii) air cooled engine, usually single cylinder two
stroke, (though some 250 cc models are twin 
cylinder); 

iii) tubular steel or, for some af the cheaper models, 
pressed steel frame; 

iv) telescopic front forks and sw1ng1nq arm rear 
SUS[H.'ns ion; 

vi four or five speed chain drive transmission with 
mi1nu,1l clutch; 

vii wire spoked wheels and drum brakes, though some 
of the more "up-mi1rket" versions have cast ·.vhc('ls 
Llnd front disc brakes. 

Trail Bike 

Most commonly using 100 - 175 cc engines, but with 
SfH.'Ci<llist models having capacities over 500 cc, trC1il 
liikcs arc designed for off-road use. The mainstream models 
;in~ ,1lso suitable for on-roi1d use. The main difff'renccs 
fr(Jln il gcnerttl purpose motor cycle are: 

i) grei1ter ground cle<lrancc, achieved by higher 
mounting position of the engine; 

iii always at least five speed, sometimes six speed 
transmission with lower overall gear ratios; 

' 



iii) different steering geometry (greater rake on 
front fork) for impovcd manoevrability on rouqh 
qr:-ouncl; 

iv) L1nft' clL·arancc between front wheel and muclquarcl; 

hiqh mounted exhaust for protection from water; 

\' i ) 

v i i ) " k nob b 1 y " t rt' ad t y r cs ; 

v1ii)olw,1ys fitted with drum brak€'s; 

ix) more upright riding position. 

The more specialised versions of these trail bikes are 
intended primarily for sporting rather than practical use, 
and exaggerate the characteristics of the mainstream 
models. Some developments from these specialist models 
arc now being introduced on the mainstream models, most 
notably in rear suspension design with the use of a single, 
rl'r.lot•_:>-mountcd shock absorber unit. 

[,arge Capacity Motor Cycle 

This broad category of motor cycles with an engine capacity 
of greater than 250 cc is aimed primarily at enthusiastic 
and specialist markets. There are a variety of different 
designs to suit diffcrnt tastes (traditionalist, sporting, 
touring). The machines become more powerful and heavier 
with increasing engine size, and it is in this category 
that the more sophisticated design features are most 
commonly applied (eq. c<l.st wheels, single and double disc 
br<1kc5o, liquid coolinq, electric starting, shaft drive 
•'tC.). 

[nth•' (!f>VC'lup1ng countri(•s of Africa and Asia, the dcmtind is 
rir»clominilntly for the lower cost, more economical, motor cyclc'.-J 
of under 2SO cc capacity. It is on such motor cycles that this 
,rn,11'/sis focusses, though it is recognised that there is a 
limit·-~d d•'rnand for more SfH'Cialist machines. For example, the 
l·:thopi;in tr,1ffic poliC(' use L1rqc capacity, shaft-driv1'n BMW 
:~1<Jt()r cyclc·s. 

\\h»tr\l'r vic·winq th1• motor cycle marb"t as ;1 whole, or focu~;sinq 

only on those sectors of p<1rticular relevance to Ethiopia, there 
have been major advances in design technology in the past fifteen 
years. The first, and most important., development is the increase 
i11 huth i"?!'"fc,rm;)n<:•~ and fuel efficiency of a typical motor cycle 
of d q1vr·n (~nqinl' si:u~. This has happened tor two reasons: 

i) 

ii) 

reduction in weiqht resulting from qrcater use of 
light alioys in engines, and industrial plastics and 
high strength steels in the frame and body; 

developments in engine and carburettor design, 
resulting in higher specific power ou~puts and fuel 
efficiency. 
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Other dc•vclopml'nts have made motor cycles more convenient, safer 
tu USt_ .. , 

* 

* 

* 

* 

* 

* 

* 

* 

* 

or ·.'asi~'t- to maintain: 

s c pa r ,1 t c o i l ~ a n k a n d p ll mp t o r two - s t r o kc e n g i n c s ; 

high watttiqe mtiqncto which givc•s hiCJh output at low 
spr•cd; 

directional flashero-;, and sc~al•'cl beam headlights; 

easily rcadahlc• instrum,.ntati~rn; 

electronic ignition; 

chrome plated cylinder walls for low wear; 

non-corroding petrol tanks. 

I 4.2.2 Evolution of Motor Cycle Manufacture 
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Uitil the mid 19SO"s the manufacture of motor cycles was domin
ated by European makers with a significant, but more specialised, 
industry in the United States of America. Motor cycle industries 
continue, in some cases on a reduced scale, in many European 
counties (including Italy, Austria, West Germany, East Germany, 
Holland, France, Russia and Czeckoslovakia) but the market hCls 
conic to be dominated by the four major ,Japi1nese manufacturers 
- Honda, Kawasaki, Suzuki and Yamaha - who arc now responsible 
for 70% of the world's total production of motor cycles. Between 
1945 and 1960 there were significant design innovations in 
Europe, including the introduction of new types of motor cycle 
such as the scooter and moped. While technical innovation in 
Europe hcis continued, it has become mor0 spcciu 1 isc~cl as the 
companies have focussed on particular market clrccls. It is now 
only the Japanese manufacturers who produce popular, reasonably 
priced motor cycles in ull the market S(~qments. Further, the 
lr_·ad in technical innovation has in mclny n.·spccts passed to the 
,Japanese particularly in terms of production technology, and 
the evolution of more efficient, hi9her performance, compctitivv-
1 ·; pr i c e d mac h i n c• s i n t he pop u l ,1 r ma r k et :; r ·ct o rs . 

l·lotor cyclE• industries have evolved in <1 nurnhcr of devclopiny 
countries. In India, where domestic production has grown from 
7,'JOO units in 1960 to 163,000 in 1974 and o.n estimated 900,000 
in 1984, it is possible to identify three distinct phases of 
dcv,~lopmPnt: 

i ) lndia established its motor cycle industry by the 
purchase of technology from Europe (scooters from 
ltaly, motor cycles from Poland and UK). The tech
nology purchased included manufacturing equipment 
and tooliny for obsolete models no longer produced 
in their country of origin. Production rapidly moved 
to lOOi local content; 



iii from the ba~c established in Phase I, the market for 
mopeds (as a lower priced option for urban transport) 
was dcvelored in the l970"s, either by the copying 
of dt'signs or design featurt'S from forci.qn products; 

Li i) Phases 1 and 2 1,o,·erc both implemented clurinq a period 
wh•'n tlw lncli~1n yovcrnmc'nt imposed str-ict I imits on 
foreign financial involvement i.n domestic industry, 
and on thl~ import of componc'nts and raw materi.:ils. T:-ic' 
government controlled production of motor cycles 
through the issuing of manufacturing licences to 
v,1 r ious compunics which speci [ i.ed muximum output. 
However, by the end of 1970 ·s it wa~; app.:nent that 
the models being produced were very out-dated, and 
that this had significant economic disadvantages. As 
ci result of the loosening of Government controls on 
the import of technology and com~mncnts, and on 
foreign collaboration, a number of projects have now 
been established in India to manufactur~ contemporary, 
overseas designs of motor cycle. The companies now 
manufacturing, or about to start production, in 
collaboration with Indian industries, include: 

Honda - Japi1n - Motor Cycles and 
Scooters 

Kawasaki - Japan - Motor Cycl•.:-s 
Suz•1ki - ,Japan - ~lot or Cycles 
Yamaha - Japan - Motor Cycles 
Zundapp - West Germany - Mopeds and Motor 

Cycles 
Piaggio - I ta 1 y - Scoot0rs 
Garelli - Italy - Mopeds 
Peugeot - F ra nci:' - 1'1opcc!s 
Motobec2nc - Fr,1ncc - Mopr'ds 

Two siqnificant features of this third phac;c of clcvelopnwnt 

* 

* 

whereas the old models had Indian brand names, the 
new products incorporate the name of the OVf'rsclls 
collaborZ1tor C<J. tht~ Suzuki moclr'l i~; known as the 
Ind-Suzuki; 

th c new p rod u ct ~; w i l l rr, 1 y on a pro po rt i o n o f i mp or t,, cl 
cornponentc;, ,1t lr>,1st for th•_' first fi_•w yp;1rs or 
rnanu f actu rr•. 

Ttw Philippine's has developed a motor cyclr~ industry with tin 
output , pr i or to th c f in an c i a l c r i s i s of 1 at c l rJ 8 3 , of about 
10,000 LllliL::, 1w1 ctt111u111. The indu.sliy was i11iti,~1te:d i;-y i11ca1,::; of 
pr ivute joint ventures between Filipino comp<rn ies and the four 
rni1jor J;1pancse manufacturr!rs, with motor cyclr's beinc; imported 
in knocked down form for local assembly. From lY73 the Government 
took more control over the industry by establishing the Progres
sive Motor Cycle Munuf~cturing Programme. The objectives of this 
were to rationalise the range of models and to increase the local 
value added. All four companies decided to remain in the market 
by .1ccepting the restrictions imposed, of which the main ones 
w'~rr_·: 

-(/)-

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 

' 



t 

I 

I 
I 
I 

i) model ranye restricted ta motor cycles of HO cc -
12') CC Ci1f_'i1City; 

ii) Loc;il content to be incn:-:lscc! to')();, OVL~r five y,',11-s, 
with 1ntt'rITI~'c!i:lte Ln-:wts C1lso S[•L'cifi\'cl. ThL' 
Go-_·,_·r-nm••nt to hcl\··· thL' f>ower to L'nforc•_' thL' delc'tion 
o'. ct:'r·t,1in cornponL'nts from ,_:,e imported kit of pin-ts. 

The' L1rqcts of th0 proqramme wcr•_' gcncr.:1lly achieved, althouqh 
'jQi, local content was only n_•och·..'cl after six years. However, 
it is important to understand the definition used for the 
pcrccnL1qc of local content, which Wils defined i1S: 

Flrn imported spore p,1rt value of components made locol ly x l0ll ', 
FUI3 \",lluc of complete imported motor cycle 

Since the span; p.:irt price of a component is ulways significantly 
higher than its original equipment cost, this definition over
estimates the real proportion of local manufacture in the motor 
cycle. Further it takes no account of imported raw materials 
used in local production of components. Initially the total 
licensed capacity of the four manufacturers was restricted to 
33,000 units, with the smallest having an output of 6,000 units. 
It should be noted that the restrictions on types of motor cycle 
produced has been relaxed recently to include mopeds and trail 
bikes, because of an increasing demand for these products in 
the Philippines. 

A motor cycle industry has been developed in Nigeria by 
commercial agreements between local and overseas companies. The 
main overseas companies involved arc Peugeot (mopeds) and Suzuki 
and Yamaha (motor cycles in the HO cc - 200 cc range). Kits of 
µarts are imported ,1nd ilsscmblcd, with a degree of local 
manufacture, though the development of local content has bc0n 
aru:!'Jtcd by th>' difficult economic situation which hus reducc~d 

clemuwl so e·,at thr: plilnts arc operilting well below capacity. 

4.2.J Appropriate Motor Cycle Technology For Ethiopia 

Although it is rc.-isonablc to expect t.,·,at tfte market for motor 
cycles will grow o•;cr a fH'riod of time, initially the output 
will be low with a planned capacity for the proposed plant of 
'i,000 units. rt is therefore desirable to minimise the nurnrwr 
of different models produced, and milximisc the commonality of 
components between them. This will maximise the local content 
that is economicillly viable, and facilitate m"1intr_;nance rind thf' 
supply of spilrc parts. The choice of dcsicJn technology is rnort! 
complex than for the bicycle s1ncc: 

i ) no single type of motor cycle wil 1 cover market 
requi remcnt:~; 

ii) the '.~pccifications of motor cycl"s vc-1ry siqn1ficantly 
between manufilcturers, between Ciltegories o[ machine, 
and with engine size (for example, a 175 cc motor 
cycle, thouyh similar in overall design to a 125 cc 
model, will be bigger in size and weight, have larger 
wheels, etc.). 
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'fhc preliminary market estimate is based on the assumption that 
th0 largest d0mand woLld be for general purpose motor cycles, 
trail hikes, and mopeds. Even this limited range of models moans 
that, with a total output of 4,000 - S,000 units, production 
of ;my individual model will be low. rn Ethiopia the tri1il bike 
must form p,1rt of the product rcinqc lJl'.'Pn the dcmi1nd, from 
( ~ ( 1 v '- , r nm c n t , 1 n d f r om o t h L' r sou r cc s , f u r ,1 mot o r c y c l e t h i1 t c>1 n 
[> .. ust·d oft-rnz1cl in rurol areds. ThL' LJt'r1L'ral puq.Josc motor cycle 
is th•:· most suitable to form the basis for load carryinq 
aclaptaturns, and is more oppropriate for urban and on road us•.' 
t:1an the trail bike. It con perform the same urbun, personzll 
transport functions as the moped, but at somewhat hi~~er price. 
lt is th•.?rcforc proposL'd that initial production in the plant 
:.;hou\d concentrate on the trail bike c:incl the general purpose 
motor cycle, but with the moped beincJ introduced into the ranyc 
as demand increases to justify a third model. Ethiopia, because 
of its terrain and rood conditions is unusual in that trail bikes 
will form a major pa.rt of the initial demand. However, the 
pattern proposed above is similar to that adopted in both India 
<rnd thl' Philippines where in the initizll years production focus
sed on gener-:11 purpose motor cycles, with the moped introduced 
subs,~quent l y. 

In identifying product specifications suitable for Ethiopia, 
it is desirable to focus on contemporary designs rather than 
pursuing the option of purchasing redundant technology as was 
done in India in the first phase of loc~l manufucture. The reason 
tor recommending this is the rapid developments in motor cycle 
design in recent years, particularly in respect of engine per
formance and fuel efficiency. In general terms it is desirable 
that a local motor cycle industry should operate on a long pro
duct replacement period except where there is significant benefit 
from introducing technical improvements, but this makes it more 
important to initiate the industry with contemporary technology. 
How1•v1•r, from within the choice of recent motor cycle designs 
,wailable, the focus should be on sim[>lc, robust models, avoiding 
thm;e new feu.turcs or accessories whose• main function is l~ither 
cosmetic or to qcnerate increased sales in competitive developed 
country markets, rather than of offering significant operatinq 
hc'ncfits in Ethiopia. Thus, for example, n1achines to be made 
in Ethiopia should have spcikt>d rather than cast wheels, drum 
rather than disc brakes, conventional susp1:nsion systems (telL'
'..;copic forks at the• front and swinqinq arm shock ,1bsorhr•rs ilt 
Uw n•i1r), kick starter;; ilnd rnaqncto iqnition. 

Enqine size· u.ncl typr! is a major consid(•ration giv1·n the hi<Jh 
<iltitudc in many ports of Ethiopia. /\s an approximiltion the power 
output of i1 pr..>trol engine decreases by J •, for each lOOm 1nCH!•ISt' 
in u.ltitudc above sea level. This equu.tcs to a 2')'1; loss in pow1'r 
output i~ J\rlrlic; l\h;1h:t t-hour:;h, wit-.h ;i [H't-rnl Pnc;inP the lnc:;:; f·;in 
be mitigated by tuning to suit the operating altitude. This 
i111plics th,1t, to rnaint,1in the operatinq pr;rfonnance that the 
particular machine f•njoys in other countries, its enqine sizf' 
should be incrc.ts('d in Ethiopia. However, motor cycles qcnc>rally 
arc produced in spr·cific engine sizes - 100 cc, 125 cc, 175 cc, 
250 cc, etc. To jump from 125 to 175 cc is more than is necessary 
to compensate for altitude power losses and will significantly 
increase cost (for example, in Ethiopiil a 175 cc trail bike is 
25~ more expensive than a 125 cc model). This is an issue which 
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can only fi.nctlly be resolved with the overseas coll<1borator 
SL'lect•-'cl fur project implementation. At this st<lgc it i~; proposed 
th,1t th•_' ,ir1alysis should focus on it 125 cc tri.::ll bik•~ ctnd ,1 12'i 
cc qcn·-'Lil purpose motor cycle, but with the L'nginL'S tuned for 
Otl•'L1t1un ,1t :iltitudc. How·~\".~r the rno~>•-'d, with its small ''noin<-', 
h,1:; ,1 l 1ri:1 t•'cl [>owcr output ,1ncl i1 50 cc moclPl would hzn·" 
ditf1c:~llt·!· CO[>lng with ttw combined effects of .:lltitucl» .ind st•.'l'f' 
hill'.-; tn 1\dclis ,\bi1ba. It is therefore preferable to specify ii 

rnot;o.•d (>:' 7fl .. ~c or 80 cc enqinc CC1p,1city. 

Most motur cycles use two-stroke engines although Honda still 
pr-oduccs prim:irily four-stroke models. A two-stroke cnqine will 
qiV•' ;i h1yht'r S[n~cific power output than an equivalent four
strok1', ,1nd is easier to maintain. t. four-stroke engin .. ~ should 
hd'-'" lorHJcr li[c, but in developing countries this is compensi1ted 
for z)y the lower spares cost and easier m<iintenance of '1 two
strok~. further, on two-stroke engines the fitting of an autolubc 
system sim[Jlifics operation, precluding the need to mix petrol 
and oil. It is therefore recommended that two-stroke engines 
be S["-'cificd for Ethiopia. All trail bikes, most motor cycles 
over 100 cc, and some mopeds, have tubul'1r frames. However, m<1ny 
mopeds and some smaller motor cycles have pressed steel frames 
'1nd, in the case of the mopeds, pressed steel suspension mem
bers. It 1s recommended that the focus in Ethiopia be on machines 
with tubular steel frames which are more robust, and offer better 
prospect~' o t l oca 1 manufacture. 

Table 4.2 gives rccorrunended outline specifications for a trail 
bike and general purpose motor cycle for manufacture in Ethiopia, 
based on the products of likely sources of technical collabor
ation. The motor cycles must be supplied fitted with a lighting 
system to mc_t the ~equiremcnts of traffic regulations, including 
front crncl n•ar lights, rear brake light and front and rc.::ir incli
Ce1toc;. They will also be fitted with a smnll rear currier sinet:, 
uni ik•· th•: bicycle, this is not an accessory but is usually ,1n 
integral part of the design and provides the mounting for the 
rear liqhts and number plate. However the specification should 
he kc[it a~; simple as [JOSsible, with items such e1S windshield 
ancl rear view mirrors being offered as optional extras at the 
choice of the individual customer. 

[t is unrci1listic to expect Ethiopia to establish an indigenous 
rnotor cycle industry without some form of technical collaboration 
with i1n existing overseas manufacturer. The form of collaboration 
w i I l be r ii t h c r d i f f e r c n t f r om t h u t f o r b i c y c 1 c p rod u c t i o n s i n c ,, 
the det,1ils of motor cycle design are specific to a partic11L1r 
metnufetcturer. The arrangement would therefore be for the local 
industry to assemble/part manufacture the product of the overseas 
collahoriltor in ~thiopia. This has certilin implications: 

i) the coLL<tborator will wish to impose certain 
restrictions on export of the me1chincs, to avoid 
conflict with agreements with agents, or local 
i ndus tr ics, in other countries. llowcver, the 
collaborator might perceive Ethiopia as a base from 
which to penetrate certain O\'erscas markets; 

ii) the collaborator will wish to have its name on the 
machines produced in Ethiopia, possibly in conjunction 
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with a local name (cf. Ind-Suzuki in India). It will 
also wish to exercise some control over the quality 
of the machines t'rocluced in Ethiopia, ond p:i.rticulorly 
of the loc,illy mailufacturecl components. Idc-,1lly this 
should he ;1chic\·cd through training ilnrl technici1l 
assist,1nc\..' in quulity control i1nd in the intn)cluction 
ut loc,11 manuL1ctut-...: of comt•crncnts. 

\\tnl·· .i J<iint \'t'ntur'-' ;1rt·,1ngcmcnt would provide part of th1:' 
fi_:1,1ncinq for thL' f>r0['0SCcl plant, it is not eSSCntilll for thC' 
colL1borcition to tilke this form, und in fuct it is likely to 
:)" 1litflc:ult tu s'·t up the industry in this wa.y qiven that it 
.,,·i 11 h•: prod~iciny other products apart from motor cycl cs. ThE• 
<.:1J] 1:1bor,1tion ,19n»..'ment would hav•,.' to cov1_:-r the fol lowinq 
' l . ~ ; ' .. (_' ~- ~; : 

i) th1' l iccns inq to the Eth1opia.n industry of the• riqhts 
to assemble/r)art manufacture the motor cycles, and 
market them in Ethiopiu and other agreed locations; 

Lil the long term arrangements [or setting the price of 
imported pa.rts. This is important to avoid unjustified 
prtce incre.:lses once the industry is tied to .:l 
['articular source of technology; 

ii.L l the provision of training and technical assistuncc 
u1 ['roduction, quality control and the development 
of local content; 

iv) ~n agreed progr.:lmme on the level of local content to 
he achieved, the means by which it will be reached 
:ind the• time-scale. 

Th•.' cJ.>t<1ll:; ot such an agreement must obviously be negotiClt•_'cl 
c1s p:n-t of th\_' project implementation process. Although the 
pr1':;"nt :-;iz~' of the murket is :-;mcill, the incentive for the 
uvl·r·:-;"<1:; col L1borator is the opportunity to hold the 1c'1dinq 
po';1t1on in th•.' mark~,t as it clcvt>lops. 

1..;hil•' the loc<ll industry will be betscd on standard products from 
th,_.· cullaborat.or, there is scope for udi1pti1tion of thcS(' dC'si.qn~; 

to :;uit conditions in Ethiopi'1. 'l'hc issue of cnqinP tuninq for 
c1lt1tudc hil:; ,drcady been discussed but other possihilitiPs 
1 nr·] 'Jdr': 

j ) 

!. L ) 

rcintorcr'mt•nt of the chassis framt' i1nd modifications 
of :-;uspcnsion settings; (as is done in the Phili.ppinPs 
to suit use with sidecars); 

111oc11t1cc1t.1uns Lu U1•· d•.~sign of some cum[JutienLs to suit 
loc<1lly <1ppropri<1te rnanuf.:lcturing mf~thocls <'Ind locally 
product'd raw inatcrial:-; (as h:1s h,1pr)f~ned in India ,1~-; 

part of n'cr:nt technical col labor,1tion proiccts). 

The possible sources of technical collaboration i1rc motor cycle 
mi1nuf<1cturcrs in Western and Eastern r:uropc, and in Japan. Other, 
emerging industries such as that in India arc noc direct possi
bilities since they arc themselves linked with overseas collabor
ators and would not make any input without approval. Western 
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T:\~3f.E 4. 2 OUTLINE '.\lOTOR CYCLE SPEC IFIC/\T IONS 

- - - --------

General Purpose 

-s1nglt'-cylinder ~1ir-

coolcd 2 :;trokl' 
-125cc cdpacity 
-rott1ry valv·-~ 

-flywheel magneto 
ignition 

-kick start 
-autolube lubrication 
system 

Trcrnsmission: -4 speed constcrnt mesh 
gearbox 

Chassis: 

-wet ~ulti-disc clutch 
-chain drive 

-tubuLir sinqlc cradle 
frame 

-telescopic front fork 
-swing arm rear suspen-

sion with oil dampers 
-cast drum brakes 

front and reo.r 
-spoked wheels each with 

36 butted spokes 
-identical size tyres 

front and rear, either 
3.00~16 or 2.75xl8 

-steel, close fittinq 
mudguards 

- he a d l i g h t , re· <ir 1 i y h t , 
brake light ,1nd turn 
i n cl i c ci to r :; 

- rear ca r-r i(_'r 
- 2 pf' r s on :; <t cl d l c 

-7!~-

Tra i 1 

-single cylinder air 
cooled 2 stroke 

-12'.icc ci.lpacity 
-rotary Vdlvc 

power output > ~kw 
-flywheel magneto ignition 
-kick star-t 
-autolubc lubrication 
system 

-5 speed constant mesh 
gearbox 

-wet multi-disc clutch 
-chain drive 

-tubular single cradle 
f rc:une 

-telescopic sprung front 
fork 

-swing arm rear suspension 
with coil springs over 
oil dampers 

-pressed drum brakes 
front ctnd rear 

-spoked wheels each with 
36 butted spokes 

-front tyre to be larger 
and narrower than rear 

-plcistic, hiyh rise 
mudguards 

-high mounted exhaust 
-head 1 igh t, rca r light 
brake light ancl turn 
i n cl i c ,1 to r :~ 

-n!ar carrier 
- 2 f H' r son s a cl cl 1 c 

' 



European and Jz1pancse motor cvcle design technology is in aclvancP 
of that of L1stern Europe', but the dcciclinq factor in the select
ion of collaborator is the key role of trail bikes in Ethiopia. 
\\hi le• :-;u:nl' European manufacturers produce trail bikes, most 
notably tht' IL1l i.ins, trwy tend to be specialised, high pricccl 
molil·ls. 'i'hc markc·t for "mc1instu'am", rc,1son:1i)ly priced truil bik•_'s 
is dornin,1tt:•d b·1· thC' four ,fapzrnr•c;c cornpanivo;. \•:hilc it is worth 
tn\'c'~;ttyatiny the' prospects of collabor;ition ,_.,,it:1 <ln Italian 
company it is most likely that tho source· of tc•chnoloqy will be' 
.l~q):rnc'Sl', [Jclrticlll<lrly '.;incc <lt this stzHJC it is sensible to 
collabor.1t•' with <1 sinqle company on the rZlnq•_' of models to be 
f 1rocl LICl'd. 

-1.l 1\n11r1i1l Cc1rt 

4 . J. l Evolution of the Technology 

Ttw animal-drawn cart is different from the other vehicles 1n 
this study in that it has been in use in some po.rts of the world 
for hundreds or even thouszrnds of years. It is also the only low 
cost vehicle currently made in Ethiopia. Animal-dro.wn two-wheeled 
carts ancl four-wheeled wagons were the mahor means of road 
transport in Europe und AmPrica for several centuries until the 
Lntroduction of the internal combustion engine and the wide
'.:i[>rcacl use of motor vehicles in the early yc'ars of the 20th 
century. However animal drawn carts remain in everyday use in 
some low-income ureas of Europe. European carts and wagons were 
constructed largely from wood with large diameter spoked wheels 
made by skilled wheelwrights. 

In parts of Asict the animi11 •:art, drawn be a pair of bullocks, 
rL1!~ b('t'n in use for thousancis of yeors. [n a country such i1s 
Incliii, which hus over 15 million carts, the tro.ditional wooden 
cdrt, made by village carpenters with larqr cliamc~tcr, spokr_,cl 
wooden wh1;1_,ls thC1t very in dr'c;ign in cliff,•n_'nt pi1rts of the 
country, rr•mains most popul:ir. flowevc•r in the l'JJ()'s the Dunlop 
corripany in Indio introduced the ADV (anirnal-dr'1wn V<'hiclr') wh(•r>]/ 
<1xl1_' assembly. This is fitted with fJneumatic tyrc.'s, sirnilc1r in 
.qJpr_·z1rance to those used on motor vchiclr•:5, but cksiqnccl speci-
fically for animal carts. l3ccC1use carts move nnly slowly, <tncl 
Ut 1 • wtH:cls transmit no torque, the-' tyr-c c.1n hr' of i1 lower :;pccifL
r:,1tion than for '1 motor V(.'hiclr?, with cliff1.:rr·nt trcCtd, ply 
rn.1t1·r1<1l and rubber compounds. Consequently thr· ADV tyre is about 
!1alf thr• price of a compar;1blr• motor V"hicl•' tyrr•. The' ADV tyn' 
fit!; on a stc·cl wheel rim, which turw; on Llf1 1 'rt'd roller b('ilrinqo-; 
mount•·d on <1 square section stcr;l axlr~. /\n Lndi<1n Cilrt built usinq 
.in 1\LJV wheel/<lxlc• ass(;mbly typically costs about twice <1S much 
il~; tlw traditional woodc.:n type hut, with ii yiv(~n p.:1ir oE animals 
can moV(' two to two and a half times the load .:rnd travel at a 
somr•what nigner speed, except on very muddy trilck~.;. The flldrKYt. 
for the ADV cart has d 0 vcloped only slowly, primzuily in places 
whnrr~ ttwre is substilntial commercial cartinq (c.q. sugor qrowinq 
<lrca~;, so that the owner obtains d dirr_•ct n•turn from its hic;hr•r 
(.'fficicncy, and in the most [>rogrcs~;iv1; farminq areas. fn area:> 
w~H'rc· the• smul l former want:; the chea[JCst possible cart, to mow• 
lirnitr;d quantities of goods, the traditional wooden Cdrt n~mains 
most common. However the /\DV cart continues to expand its share 
o[ the market, a process assisted by the fact that timber is 
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becoming increasingly expensive in some parts of India, so that 
the cost a.dvantaqe of the traditional cart is diminishing. 

ln China wooden carts have also been used traditionally for many 
years. However as part of its policy of encouraging the use 
of non-motorised means for short distance rurci.l transport (up 
to 20km), the government established the centralised manufacture 
of pneumatic-tyred wheeL'axle assemblies in the 1960's. These 
assemblies were distributed to small workshops for building into 
completc carts. 

ln /\frica, the traditional use of animal-drawn carts is much 
less extensive than in Asia. In recent years there have been 
several efforts to develop the use of animal-drawn carts for 
rurLll transrjort, usually in conjunction with programmes to cxpcrnd 
the use of draught animals in agriculture. Four different 
clpproaches can be discerned: 

ii the import of complete wheel/axle assemblies, usually 
through aid or development projccts,and the building 
of t~ese into complete carts, either directly by the 
project or through local small-scale industries 
assisted by the project; 

ii I the development of cart desi,·:is suitable for manu
facture by local small-scale industries, and the 
p~ovision of technical and/or financial assistance 
to these industries to establish production; 

iii) the centralised, medium or large scale manufacture 
of animal-drawn carts, usually in conjunction with 
agricultural equipment, for distribution to different 
parts of the country. A good example of this approach 
is the Sismar factory, established initially with the 
assistance of UNlDO, in Seneqal; 

iv) the cornmcrci<11 development, usuolly by small priv<ltc 
industries and workshops, of cc:irt fllf1nufclcture, oftt'n 
relying on scr,1p mcttcrials or components (wheels, 
tyres, hubs or rear axles) from old motor vehicles. 

In Ethiopia the horse-drawn carriages used in many urban areas 
have been made lor.::al ly for some years. There arc detail design 
vctriotions but typiccllly they arc mctdc by small workshops who 
obtain wheels and beorings from a scrap motor cor or motor cycle,, 
ddi1pting these where nect:ssary to fit onto axles produced by 
private industries in Addis Ababa from reinforcing bf1r. A simple 
wooden body consisting of draught [loles, scat and floor is built 
up by the workshop and attached to the axle by means of leaf 
springs, again obtained from old motor vehicles. Metal brackets 
for the body are obtained from small mctcllworking industries. 

'!'he Hurcll Technology Centre ilt Assela, which comes undr'r the 
Ministry of Agriculture, has established the small-scale manu
facture of ox and donkey-drawn carts (see production figures 
in Chapter 3). These use fabricated steel wheels made by the 
Ethiopian Metal Tools factory, which run in wooden bearings 
mounted on the frame. Each wheel is mounted independently, its 
axl~ running in two bearings, one on each side of the wheel. 



Originally the complete frame and body was made in wood, but 
more recently a steel frame h.:ls been introduced. It is clear 
th,1t the tc,chnology of these corts is ntit yet fu 11 y developed, 
the clrouqht efficiency is low, the bt_'orinqs wear ropiclly, .:lncl 
tht' whc'els <lrc prone to brcukaqe. Recently a smal 1 numher- of 
·,..;oocl,,n c;1rts, with lurqc cliarnct<'r spok.L'd wooden whePls, haVl' 
r1c'c'n mdclc at tht' Ct:>ntre Cl:~ a clcmonstr;1tion by Koreon artison:;. 

4. 3. 2 Appropriate Cart Technology for Ethiopia 

Tlw morket in Ethiopia includes th<' continued supply of horsl:
drc1wn corriaqes to urban areas and, more important, the use of 
animal carts for rural transport, drawn by a donkey or a p3ir 
o r o x L' n . D r Cl u g h t ox e n a re w i d e 1 y own c' cl i n Et h i op i a b u t ct t 
prl's•_'nt ore used only for ctgriculturul operations. However th<'rr 
1s no reason why the same ctnimals should not be used to pull 
carts, CIS is done in many other countries. Work donkeys arc 
used only as pack animals but again there is no reason why they 
should not be trained to pull carts. At Assela there is more 
demand for ox than for donkey carts. In Ethiopia the demand wi 11 
be for two-whlcled carts rather than four-wheeled wagons, the 
latter being ~ucl1 less common worldwide, expensive, limited to 
use on reasonable quality roads and only suitable for the 
commercial hauling of large loads. 

It is proposed that the role of a low cost vehi-les industry 
under the National Metal Works Corporation should be the central
ised manufacture of wheel/axle assemblies which would be distri
buted to diffe~ent parts of the country for building into com
plete carts, either by technology centres, such as that at 
/\ssc!a, or by small-scale industril'S. There arc several rt'asons 
for r1ropos1ng this: 

i) the wheel/axle assembly is the most complex enqinecr0cl 
element of th•! complete cart. Th~· availability of good 
quality, well designed wheel/axle assemblies is the 
key factor in the sur1ply of efficient c1rts appropriiltc 
to local conditions. /\n industry undc~ the NMWC would 
he WE.•11 placed to produce such a:;scmbl ies ,-.t rcasoni1hlc 
cost, and to make them avi1ilablP in differc11t parts 
o f t h c· co u n t r y ; 

ii) to m,1nufactun· the complc'tc· carts in C'ne cc'ntrali:;cd 
industry would tr~nd to ir.crcose t:otal costs. A corr.plct•· 
cart is a bulky, but reliltivcly low VC11Ue item, clnd 
the triln:c;port co:ot of di:~tribution to different ,1rc<1:; 
of a large cour.try :;uch as Ethiopia would be hiqh; 

iii) an indu::.;t:.ry such as that proposr..'d to manuLicturc low 
cost vc:hicl·;:; i.:; bcJt suited to the prochic:tio;i of cl 

limited rilr.Jc of products in relatively large number:-;. 
The industry would produce wheel/axle assemblies to 
Cl limited rnnyc of specifications, which could then 
~-,,built into a wide variety of different type~; of 
cart (including urban carriaqes) depending on the type 
of body and draught arrangement fitted, to suit 
different uses and local conditions. 

-77-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I ' I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

There arc a variety of designs of wheel/axle assembly used in 
different f>iirts of the world. The key factor in determining 
the specification appropriate to Ethiopia is the type of wheel. 
Three provl'n types of wheel are in common use: 

1 ) fabricated, Spoked Steel Wheel. 
This is of relativ..:~ly smClll diameter (up to i:lbout 
700mrn), has no tyre, a flat section steel rim, and 
a series of bar or tubular steel spokes welded to the 
hub and the rim. It is quite widely used in parts of 
Southern Africa (e.g. in Zimbabwe) and would be the 
cheapest type to produce in Ethiopia. The wheels used 
on the Assela carts are of this type, though the 
c!L'tailed design is not very satisfactory. Its dis
advantages arc that on rough roads or tracks it is 
noisy, uncomfortable and has low rolling efficiency; 

iii Wooden Spoked Wheel 
This is the traditional type of wheel used in Asia. 
rt is of large diameter (typically 1 - 1.Sm) and 
consists of a hub, and a series of spokes and rim 
sections, all made of wood, which are assembled and 
usually held together by a thin striµ of metal "tyre" 
around the perimeter. It has bette~ rolling efficiency 
and is less uncomfortable, than a metal spoked wheel, 
because of its large diameter. Howcv~r it is relatively 
heavy, its construction uses a lot of timber and is 
a very skilled process. In Asia the skill of wheel 
making is usually handed down from one seneration to 
the next. It would be a difficult technology to intro
duce in Ethiopia because of the problems of developing 
the manufacturing skills, and because of the increasing 
scarcity and cost of timber. Further, it would not 
he a suitable technology for Cln industry under the 
National Metal Works Corporation; 

iii) Pncurnatic-Tyred Wheel. 
This i~5 essentially simiL:ir to the wheel of a motor 
vehicle though the detail specification of the tyre 
<ind rim may vary. It has i1 high rolling efficiency, 
thouqh it is somewhat less effective than a large 
cli.:1mcter woodF;n wheel in deep rnud, is comfortabl1•, 
quiet, and relatively liqht. However it i;-; also morr..· 
C'Xpcnsivc, than the steel spoked tyrie. 

'I'hv steel spokf~d wheel is the cheapest option, and therefore 
has the ildvantage of making carts available at least cost. 
Howc•vcr th1•rr~ is likely to be a degree of custcmer resistance, 
because of its noise and discomfort, particularly f•.·om people 
who have h;1cl experience of travelling in the pne'.1matic-tyrcrl 
a~d sr1rung horse-drawn carriages. These objectives can be over
curn'~ by the use of pncumatic-tyrcd wheels, tut cit hiqher cost. 

It is therefore proposed that the industry be established to 
:ouppl.y both types of '.vheel, but specified so that <~ach will fit 
onto the same design of axle. There are options for the sup~ly 
of pneumatic tyres (and tubes) and for the desiqn of wheel to 
~uit. There ar~ sev~ral choices cf tyre supply: 
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i ) 

l l ) 

use scrap motor vehicle tyres. This is acceptable 
for smc:ll l sculc production, but would not be suitahlt> 
for the output of the propos0d industry, since the 
,1vailcibility of scrcip tyres would rapidly diminish, 
.1nc: it wou l cl b _> nt>ccsscir y to produce wheels in ci r~1nqc 

nf sizes to suit the variety of scrap tyres; 

~1s,, nt''-'' tyres 
Tyn' Company. 
tw r t' l a t i v e l y 
of a suitoble 

in a stzrndzncl size produced by the Addis 
This is technically acceptoble hut will 

expensive. A pi11r of tyres and tubes 
size (7.00 x 141 would cost 220 Hirr. 

Ono option considered was to use reject tyres from 
th" /\delis Tyre production 1 inc, since many o[ these 
would be odequatc for the requirements of cin animal 
cent, and would tH' cheaper. However the r;rohlem would 
tJL' to prevent suet: tyres being transferred to motor 
v0hicles where they would be a sofety hazard. 

11 i) obtClin MW tyres from the Uunlop Company in India, 
•.-:ith the option of subsequently transferring the 
production technology to the Addis Tyre Comr;any. /\ 
pilir of ADV tyres and tubes OL suitable cap.1city 
currently sells from the factory in India for about 
YO Birr. Allowing for shipping costs, but ossuming 
they could be imported free of duty as agricultural 
(~quipmc~nt, it should he possible to make them :1Ve1ili"1blE' 
for substantially less than the cost of outomotivc 
tyres from the Addis Tyre Company. It whould be 
rel~tively easy to transfer the technology to the /\delis 
Tyre Company since existing moulds can be used, as 
tht' trf.'rld pattc~rn is ;iot critical. The know-how to 
b,_, trow;fcrrcd would be the spccificotions for the' 
rnilterials (rubber, ply and beud) and for the con
~truction of the tyre. 

lt. ts r•'cur1irncrded that the fea~;ibility of using Dunlop /\DV 
ti'chnoloqy hr_, invc~;tiq:1tcd fut·ther when the IPS project tcc1r;1 
milkcs it:; study tour visit to India. flowc'Jcr the remainder of 
th•· d(•S iqr. ,, ncl prc~!·Jct ion tcchno logy for pneumat ic-t yrcd whc(' I I 
i1Xlf 1 <1ss1'mhli1's is independent of the source of tyres. 

Th" rnilnuf:1cturr' flf .:1 conventional outomotivc steel rim to z1cc1;pt 
.1 [>fl('lllf1<1tic tyrr' is quite complex, and requires heavy investrw'nt 
ir~ c,1pitz1l •'q11iprn"nt. The rim hcl.s a complex cross section to 
<1llow fittinq ,ind rcrnovcl.t of the tyre ;ind is mode usinq ~;p•'cial

p11rp1i'.;1' roll inq plant, which is of 'wuvy-duty design bcccl.use 
of t11c· thicknc's'.; of the rim material. Investment in such cquip
rn•'nt is not justified Zit the level of output proposed, thouqh 
it may hr'com1.~ worthwhile in th:! future to meet the• requirements 
of •'Xf1,1n(k:d i--Ji-cduction of trucks and b•.J"°-" at .'\MCE, and of 
tr-.1ctors and trailers, in addition to animal carts. For the· 
pr·~~-;.?nt an altcrnz1tivc technology i~; proposed which al lows 
pn"tllniltic-tyn~d whe<'l rims for onimul carts to be producc'd with 
much lower investment. This technology u~;cs a rim mudc in two 
halvc?s, bolted together. The tyre is fitted and removed by split
ting the rim. Consequently, the rim can be of flat rather than 
profiled cross section, and can be rolled on standard metal 
fabrication equipment. The tyre is retc1ined by a length of bar 
or tube welded to the edges of the rim. This would not be 
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21cceptable tor a motor vehicle but is adequate at the low speeds 
of which i1 cJrt is capable. A further advantage of this split 
rim wheel is tnat the hub is fabric21ted in one piece with the 
·wht't'l. With a convention21l autorrioti_ve wheel the hub is 21 
S<'f•dL1tc· as~;c•mhly to which th(' wheel is bolted, and this 

There are two other considerations in lhc ch;siqn of the wheel/ 
tl x it_• cl s s l' r.1 b l y - t h L' be a r i n q s a n cl t h ,, cl x l e . The !\ [) v d (' s i g n u s es 
L1pc1cd rol lc'r bc,1ings which arc expensive, and h<lvc an un
nrcessarily high specification for a cart. Wooden bearings of 
the type used at Assela wear quickly, though life can bE: improved 
i)y impregnating the wood with oil prior to machining. Howe·;cr 
the pn:ferred option is to use machined cC1st iron bushes, pressed 
into the hub and turning on the steel axle. These will give high 
efficiency '1nd long life, and can be produced in Ethiopia. 

It is proposed to use a full width dead axle made of square 
section steel bar, with the wheels fitted at each en~. The ends 
of the 21xle will be turned to fit the bushes, and threaded so 
that t~e wheels are retained by locknuts. Different types of 
frame and body can be attached to the axle, either directly or 
by means of leaf springs if suspension is appropriate. The axle 
will be made to a standard track width, but in two different 
cross sections, depending on the capacity requirements. 

Thus in surrunary the proposed specifici1tion for the animal cart 
wheel/axle assemblies is as follows: 

f'\X 1 C: - Standard l.4m track width. 
Made in two different cross sections: 

40mm x 40mm square steel bar for carts drawn by 
two oxen, with payload capacity up to 1 tonne; 
30mm x Jorn~ 3qua~e steel bar for animal drawn 
Ciirriage or cart drawri b·; on,2 donkey, with ['ayload 
capacity up to 500kq. 

- Axle ends machined and threaded to ~ccept wheels 
running on ca.,,t iron bu~;hes ret,1incd by loc~nl!ts. 

- Split rim wheel to accept 7.00 x 14 tyre trom Addis 
Tyre Company or ADV tyre' for use on ox o: donkey 
drC1wn carts. 

- S[ilit rim whc(~l to c-1cccpt ~.;tandarcl motor cycle tyre 
for use on horse draw~ carriage (this wheel will 
be sufficiently stron~ for the lightly loadcJ 
carriaqr's, ,1nd the u~;e of motor cycle tyres reduces 
CO!'; t). 

- Stcci spoked wheel, 600mm cliarrH•tcr, for use on ox 
or donkey drawn cu rt s. 

- A 1 1 w h cc 1 s t o h a v e i n t E' 'cJ r C1 1 t u bu 1 <l r h u b s t o <l cc c pt 
Ct1St iror. bushes fittinq on to the :;tanclC1rd axles. 

Thi.s 1 imitcd ramw of wheels and ,1xlr_'s wi 11 be S'Jitablc fur manu
fiicturc in the proposed industry, but will provide the busis 
for constructing '1 wide range of C<Hts for different appli
cations, with or with0c1t springs as appropriate. Marketing of 
these assemblies will require close co-or~in~tion with the 
Ministry of Agriculture, probably extending to the provision 
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ot :;t:inddrcl clcsiqns of c<J.rt fr<J.mes '1nd bodies which can b•' rnack 
hy ruri11 t•.'chnoloqy Ce'ntr1~s or sm:1! l-scalE' industr:·i,•:;. 

l.<inq t."t-:!' t•'chnic<1l collctboriition is not ncc1•ss<ir'; tu <':-;t,1:ll 1:d1 
1<1<:,!] i!1clf1,l~·;1ct11n' or c:irt whc'•'l/dX!t' ilS'.-;1•mbJi1•s, t1()[ i;; ,!fl 

tnt"r-1111 f'hdS" uf ilSS•·111l>l ·,· fln-m imf'<it-t('d ['ilrts. :'-L1nuf 11·t~11·,_. <:iln 
,"i•:i'!l1•'t1L:(' 1,,·1tt\ ,l liiqh !•.'\".'] or loc;J] COI1t•.'rJt, based 0[1 :;:1urt-t<'rlll 
r.··chn1e-1l ,i:-;:;i:-;Lir.cc' Lu pr•'[lc!t-" dcLi~l•·d product speciticcttions, 
<1":;1qn .ind 0···1'rS•"-' con:-;tr·u,:tior~ of pr·oduction toolinq, :ind d1•fir11· 
1i,·t.i1l•_'d m<1i1uf:1ctu:::-inq pr:.•ccdun's. !\ tc'chnoloqy transf,,r .1qrcr'
:r.,·rit '.oJould h•' r;•'•..'d'..'cl to :icquirc the- /\DV tyre ti:•chnoloqy, b11t 
~:;i:; ·~huulcl n:>t involv1_, lonq-tcrm collahor,1tion. 

!'!!" hicyc],, ,incl tr(lilc.•[ hilS been icJcntificci ,IS trw !encl C<l1:T)'lt1CJ 

,·1d.q•t:1t1on of trk' bicycle most suitable for Ethiopi:L llicyclc:; 
.1r .. icldptt..«~ in ,1 varic~ty o~ w.1y:; in cli.ffc'rent parts of t:hc• \vorlc! 
tn r· 1 r r·/ I OCl~b: 

Bicycle and Sidecar 

'J'h1:; VC't".i.Clc• has bt_'l't1 LJS(.'c1 i.n SOITH· p,1rts of !\Sii1 dS ,1 
['i!:;sr•nq•'r c,1rric·r, and finds occC1sional use cls,•wh••n• as 
.1 :odd carrier. Th•• sic.lr.•car con:>ists of <1 single whr'''lccl 
,1ttc1clrn1ent to one side of :1 stancL1rd bicycle. The :;irf>-,:::,1r 
wh•;"I 1s on the: same axis as thn rc'clr bicyclt:" wh·••"I and 
tfit• lo;d c,1rryiny S[),1Ct:' is b'..'tw1_•(•n them. The main clisadvant
"Cl'' of th•' bicycle and sidecar is its instability. The 
vehicle itst.~lf is li<Jht in comparison to the rider, whose 
c1.·ntr" uf qr-;1vity is loci'ltcd hiqh on, and to on•' sic!,, of, 
th•· vchicl·~- Th1.• bicycle and sirlc~car is therefor•• pror11• 
to tip[itr1q ov•._·r, pi!rticularly wii0n ••mpt·1, h•'cominq rnor•_' 
:;Lib]._ .. 1:; the fi<ty I o:td is incn'aS•'d. 

Pedal 'l'ricyclc 

Th•: p•«Lil t~·icyclc has three wh•'f'l~,; and is ,1 "thr•'c' tr<1ck" 
•Jd1ic1c. Tl1"r1-' i1t'f' two confiqur,1tion;;. '!'hr' fir~,;t ty["' h,1;; 
two whr•r_] ;; ;it the' front <Ind one ilt the U'<lr. ft i::; b,1s1.>cJ 
on tlir' rr'dr h;1lf of the· :>tancL1rcl t;j,_;ycln with ,1 ;;Linrlilrd 
pr'dill dri 1i" to r.hc r1·ar whee•!. Thi: front h,1Jf i:; ITHlclifi•·rl 
to pr· o v id" ;1 v 1.' rt i c ,1 I ~; t e" r i n q [' i \' o t i n th"' p I ;1 n' · () f t h" 
bicycl•.' fr<1m1'. The load c<trry1nq .irr'd i~; b('tw0•'n th•· fror1t: 
'.oJh•·"l :; , .ind the V·~hicl1• hils cr•ntn·-point st('Pri nq, r. t ti» 
tv:u frunt wh•.'•.:>ls can br~ thouqht (,fa;; bc·inq ccnrn·c:t_ .. d rJ'/ 
d ric;id i!Xlc whi.ch pivots ,1hout it:; c•·ntrc. Thi:; typ•' of 
tricycl•'. lS round i.n Lndon1':;i<1 <1:.; :1 [>il:;st>nyr_'r Cilrril'r ;i;,,j 

to <1 lr•:;:;c•r cxt1•nt in other !\sian countric:; ilS <1 Cl1nJO 

czirri,·r, or for the vcndinq of food on the :;trc•.'L;. It 1:; 

<1l:;o :1;;1_~cl in Slllilll numbers in p,1rt'.i of Europe for vcndinq 
of ;1rucl1wt :; :;uch as icr~ crr~arn. It i:; c<lS'f to manufacL.1r1· 
bu;.:iw;r• it r"L-iins th•.:' tr<in:;mis:;ion :ind rr,l1r brakinq :;y:;t .. :n 
n[ .1 :;t<1r1•L1rd hic;clc. However, th•· cr.:'ntrc-point ~;tr•c,rinq 

:-;r.t•_·r:i u::•.·d cdu:;c:; :;ornc instalJility, particulorly whr-~n trlf' 
vehicl,. i.e.. heavily loildcd arid i:.; travelling downhill, or 
on rouq!·1 'Jr 1:<rnil>Cn'd roods. 
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The second type of tricycle has a single wheel ~t the front, 
and two wheels at the rear. It is more stable than the type 
with two wheels at the front. In terms of numbers worldwide 
it is the most popular adaptation of the bicycle, and is 
used most extensively in India and Bangladesh, primarily 
as a passenger carrier. The normal design retains the 
standard front half of a bicycle, including the pedal axle 
assembly. The rear half of the bicycle is replaced by a 
fabricated frame which carries a rear axle fitted with two 
wheels. The wheelbase is longer than the bicycle, the chain 
drive of which is extended to a sprocket mounted centrally 
on the rear axle. Normally only one of the rear wheels is 
driven, the other free-wheeling on the axle. The load carry
ing area is between the rear wheels. This tricycle normally 
has braking only on the front wheel. The manufacture of 
this type of tricycle evolved in South Asia in the 194Q"s 
by the adaptation of standard roadster bicycles for 
passenger-carrying, as an improvement over the traditional 
hand pulled "Rickshaw". The adaptations were, and continue 
to be, carried out by small blacksmithing workshops who 
purchase the standard cycle components, and make the rear 
frame, axle and fittings by hand forging. The passenger
carrying bodywork is made by local carpenters and finished 
by the tricycle makers. The cycle industry in India now 
manufactures heavy-duty ''Rickshaw" type spoked wheels (with 
thicker gauge spokes and thicker section rims) and tyres 
(of 6 or 8 ply construction rather than the 4 ply normally 
used on a bicycle) for these vehicles. Because of the heavy 
loads carried, standard bicycle wheels and tyres are not 
strong enough. 

An evolution of this configuration of tricycle is the 
Oxtrike. Its major difference is that it is purpose-built 
as a tricycle, rather than adapted from a bicycle, and is 
specifically designed for manufacture by metalworking 
industries. It has a backbone chassis made from steel tube, 
drive to both rear wheels, and braking on all three wheels 
The Oxtrike is now in production in the U.K. and Kenya. 

Bicycle and Trailer 

The attachment of a two-wheeled trailer to a bicycle 
provides a substantial increase in load carrying capacity 
but, unlike the other ad~ptations, also allows use of the 
bicycle, with the traile: detached, as personal transport. 
Cycle trailers are used in limited numbers ;n parts of 
Europe, most commonly in France. They are also found in 
some parts of Francophone Africa, South-East Asia, China 
and Korea. They are rarel/ used for passenger transport, 
for which they are much less covenient than tricycles. 
l!owever, there is unlikely to be a significant demand for 
adaptations of bicycles for this application in Ethiopia. 
The more likely application is for goods transport and here 
the characteristics of the trailer are very similar to those 
of tricycles and of bicycles and sidecars. The weight that 
can be carried is slightly lower than for a tricycle, and 
a tricycle with two rear wheels is better for carrying very 
bulky loads. However, for most applications a cycle trailer 

-82-



is equally as useful as a tricycle a.'., in the Ethiopian 
context, has the following advantages: 

i ) 

ii) 

it attaches to a standard bicycle and its market 
in Ethiopia therefore includes existing bicycle 
owners, as well as new customPrs; 

its flexibility allows the bicycle owner to use 
one vehicle for both personal and goods transport; 

iii) the total cost o~ a bicycle and trailer will be 
less than that of a tricycle; 

iv) the demand for trailers as goods carriers will 
serve to increase the total demand for bicycles; 

vi it is possible to supply the trailer with differ
ent types of body for specialist applications 
(cg. transport of liquids). 

It is therefore proposed that the cycle trailer is the most 
suitable load carrying adaptation of the bicycle for Ethiopia. 

The design selected for analysis is one that has recently been 
introduced in India. The strength and durability of the design 
have been proven by field tests, production has commenced in 
a metalworking industry in central India, and it is now planned 
to expand manufacture to other parts of the country. The 
specified payload of the trailer is 150 kg but, since it is known 
that this type of vehicle is habitually overloaded, this figure 
includes a substantial safety factor. Loads of over 300 kg have 
been carried without problems. 

The trailer suits the type of bicycle which is already common 
in Ethiopia and which it is proposed will form the basis of a 
local cycle industry. The trailer design proposed has a frame 
made from 25mm diameter x l.Smm wall thicknPss mild steel tube. 
This welded tubular structure includes the tow bar, and the 
mountings for the two wheels, which are fitted in exactly the 
same way as on a bicycle. The wheels arc of the same construc
tion, size (28 inch x 1 1/2 inch) and appearance as those on 
a bicycle but are of the ''rickshaw" type referred to earlier 
with heavy-duty spokes, rims and tyres. An open-topped box load
container, fabricated from mild steel sheet, fits into the 
tubular frame. Other spccial-purrose bodies can be fitted instead 
of this box. The hitch consists of a steel bal 1 mounted on the 
front of the towbar which fits into a simple, fabricated bracket 
clamped to the bicycle seat stays immediately below the saddle. 
ThP ball is retained in the socket by means of a single bolt. 

I.ong term technical collaboration is not required to establish 
the local production of the cycle trailer, nor is there any need 
for an initial phase of assembly from imrmrted parts before 
commencing local manufacture. Rather production can commence 
with the trailer being manufactured with a high local content, 
but using some imported materials and parts (primarily the wheel 
components). However, introduction of the cycle trailer will 
require short term technical assistance to evaluate the design 
under Ethiopian conditions, prepare the final product 
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specificaLion, design and oversee the construction of the pro
duction tooling, and define the detailed manufacturing 
procedures. 

4. 5 '.'-lotor C}Tlc Attachments 

Sidecar and f>ick-up van attachments to motor cycles have been 
idcntifiod as the low cost "three-wheeled" motorised load carry
ing vehicles most appropriate to Ethiopia. However a variety 
of motor cycle based, ioad carrying three wheelers are used in 
different parts of the world. They fall into three categories: 

Purpose Built Three Wheelers 

These arc designed specifically as load carrying vehicles, 
usually by manufacturers who also produce two wheeled motor 
cycles or scooters. They share components with the other 
products of the manufacturer, but are integrated designs 
which constitute quite separate products from the two 
wheeled machines. They normally have the same riding 
positions as a motor cycle or motor scooter. The most common 
type has a single front wheel (with suspension and steering 
based on motor cycle technology) and two rear wheels both 
driven by a purpose-designed transmission system incorp
orating a differential. The most widely used examples are 
the Piaggio range of three wheelers produced in Italy, of 
175 - 250 cc engine capacity and using components from the 
same company's motor scooters. These three wheelers have 
been a common form of goods transport in Italy, and 
particularly the southPrn part of the country, since the 
early 1950's. A more recent development from this company 
uses a rear-mounted engine driving directly to the rear 
axle, rather than a standard motor scooter engine and 
qei1rbox. 

The Bi1jaj Company in India produces a range of three 
wheelers based on technology licenced from the Piaggio 
Company, but now of 100% Indian manufacture, and incorp
ori1ting indigenous design developments. The main demdnd 
is for passenger carrying versions which are extensively 
used in India (and exported to other Asian countries 
including Sri Lanka and Bangladesh) to provide low cost 
taxi services, carrying two or three people. Van and pick-up 
versions which carry up to 440 kg, and an articulated 
"truck" with <l capacity of 750 kg, arc also produced. Bajaj 
three wheelers of the cargo carrying type have been exported 
to a number of African countries. Piaggio three wheelers 
arc also manufactured in Pakistan. 

rn Thailand there is a vehicl2 called the "Tuk Tuk", pro
duced locally but based on Daihatsu technology, and used 
[Jrimarily, like the BFtjaj, as a low cost taxi. It is a 
slightly larger vehicle than the Bajaj, and its distinctive 
feature is that most run on liquid petroleum gas rather 
than petrol. This reduces operating costs, and also causes 
less pollution in a crowded city such as Bangkok. Other 
three wheeled vehicles are manufactured in Greece, Indonesia 
and Latin America. 
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The less commor. configuration of this category of three 
wheeler has two front wheels with the load carying space 
between. Steering is usually of the Ackermann type rather 
than the centre point ::;ystcm used on the equivalent pedal 
tricycle, for greater stability on the faster vehicle. 
Examples of this type of vehicle are produced in Holland, 
Italy and Sweden, but arc not known to be used to any 
significant extent in developing countries. The vehicles 
are usually based on moped technology and have limited 
carrying capacity, the pay load being typically abJ~t 
150 kg. 

Adaptations of Motor Cycles 

This category is different from the first in that the 
vehicles are based on a standard motor cycle which is 
modified to convert it into a three wheeler. The modifi
cation is normally done independently of, or at most with 
technical advice from, the source of the motor cycle 
technology. 

Typically these vehicles retain the front fork and steering 
assembly, the engine and gearbox, and the seating position 
of the standard motor cycle. The frame is modified and 
extended to provide the mounting for a two-wheeled rear 
axle. The transmission is adapted to this configuration 
and braking for the rear wheels is added. Conversions of 
this type can be observed in several countries in Asia and 
Latin America, but usually in limited numbers and con
structed by small-scale industries. 

Attachments to Motor Cycles 

Three types of load carrying attachment can be fitted to 
a standard motor cycle: 

i) Trciiler 

This is a two wheeled trailer hitched to the rear 
of the motor cycle operating on the same principle 
as a cycle tri1ilcr. They are quite commonly used 
in parts of South-East Asia, the trailer often 
being simply a handcart tied to the rear of a 
motor cycle or moped with i1 piece of rubber 
tubing. More sophisticuted trailers, with a ball 
joint hitch, suspension, and fibre-glass bodywork, 
arc used in Zimbabwe, primarily for goods 
deliveries in urban areas. The maximum carrying 
cupacity of the trailer is about 200 kg and is 
limited hy the fact that, at the speeds of which 
a motor cycle is capable, the machine can become 
unstable if the trailer weight is cxc~ssive in 
relation to that of the motor cycle (this is not 
a problem with the slower moving bicycle and 
tr<1ilcr). 
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A motor cycle with a passenger carrying sidecar 
attached w.:is Clt one time a common means of f.:imily 
tr.:insport in Western Europe. Although limited 
numbers arl' still in use its popularity hLls 
jeclined with increasing car ownership levels. 
However, the vehicle remains in use in parts of 
Eastern Europe, .:ind there arc a few motor cycles 
and sidecars of this type in use in Addis Ababa. 
The concept has been applied in several countries 
in Asia where cargo carrying sidecars are used, 
the body usually being a simple, open topped box. 
However, the concept has been developed to the 
greatest extent in the Philippines where motor 
cycles and sidecars constitute about 20% of the 
total motor vehicle stock, and account for about 
80% of all motor cycle sales. The use of this 
type of vehicle began with development of the 
market for Japanese 100 - 125 cc motor cycles 
in the 1960's. Small workshops began fitting 
sidecars to these machines and their initial use 
was as low cost taxis in the capital city, 
Manila. With the increasing traffic congestion 
they are now restricted to operating away from 
the main roads in that city, providing feeder 
services to the larger capacity vehicles that 
are the major means of urban passenger transport. 
However, their use developed rapidly in other 
parts of the country and they now perform the 
following functions: 

* 

* 

* 

* 

in major cities, providing feeder services 
in suburbs and away from main routes; 

in small cities, operating freely and 
providing a service which complements other 
passcnqer transport modes, dnd also links 
to areds immcdiatr:>ly surrounding the cities; 

in small towns providing the only public 
means of pa::>scngcr transport; 

in rur;ll areas, providing the ma in mean,.; 
of linking villages to markets, and to the 
~econdary highw.:iy system where wore con
ventional motor vehicle services operate. ln 
this rural application they carry both people 
and goods, and their key characteristics 
are the ability to operate economically in 
areas where transport demand is relatively 
low and insuffici2nt to justify the use of 
larger vehicles, and on poor auality roads 
or earth tracks where conventional motor 
vehicle operators will not venture. 

The type of sidecar used in the Philippines is 
different f rorn that found in Europe. It norr::a l ly 
has seating for two or four people and space for 
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some goods. In larger urban areas the payload 
is limited to two or three passengers, but in 
rural situations it is quite usual to see the 
vehicles carrying seven passengers, 450 kg of 
cargo or, most commonly, a combination of the 
two. To cope with such loads on poor rural roads, 
the machine is fitted with additional spring/shock 
absorber units at the rear, 3 reinforced sidecar 
wheel, and places for additional passengers to 
sit or stand. In rural areas the motor cycles 
arc of 125 cc capacity, though some urban oper
ators use 100 cc machines. Although sidecars an• 
produced separately froQ motor cycles, usually 
by small-scale manufacturers, there is close 
colaboration between the two industries. Because 
use with sidecars constitutes the major part of 
the demand, the marketing of motor cycles is 
oriented towards this application. The dealers 
recommend certain makes of sidecar to their 
customers and arrange financing for the purchase 
of the complete vehicle. The motor cycle manufac
turers in the Philippines have introduced certain 
detailed design modifications to suit the sidecar 
ci.pplication. 

iii) Motor Cycle Based Pick-Up or Van 

This is another vehicle that has evolved in the 
Philippines, but is a more recent development. It 
is in fci.ct a four, rather than three, wheeled 
vehicle. The attachment consists of a frame to 
which is fitted, by means of leaf springs, a full 
width axle with a wheel mounted at each end. A 
cargo carrying body, usually an open-bed pick-
up or a closed van, is built up on the frame. This 
attachment is mounted so that the load carrying 
area is on either side of and behind the motor 
cycle. Viewed from the front the motor cycle is 
positioned on the centre line of the attachment. 
Viewed from the side, the attachment axle is 
positioned behind the centre line of the rear 
motor cycle wheel. Despite the unusual configur
ation, the vehicle operates efficiently on 
reasonably surfaced roads, but is not suitable 
for use on poor rural roads. It is therefore 
(~sscntii1l1y an urbar: •:chicle which offers a much 
lower cost alternative (jn terIT3 of both purchase 
.rnd running costs) to a conventiona 1 1 ight 
commercial vehicle. It has a pay load of 400 kg 
ana is suitabic for many carrying applications, 
both for private businesses and government 
departmr_>nts, in and i:lround ur'Jan areas. The 
attachments are manufactured jn the Philippines 
by vehicle budy builders but, like the sidcc1rs, 
are marketed in ~lose collaboration wi~h the motor 
cycle manufacturers and dealers. 

As is discussed briefly in Chapter J, i~ is pr0posed that, 
of the various lo~ cost motor vehicle options, the sidecar 
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and pick-up/van attachments to the motor cycle are most 
appropriate to Ethiopia. Since, unlike the other vehicles 
tn the proposed product range, the use of these devices 
is largely limited to one country at present, it is worth 
·~xplaining in more detai 1 why they are recommended for 
Ethiopia. First it is important to understand that, although 
they are only used in signficant numbers in the Philippines, 
they are by no means a "novelty", but form an integral and 
major part of the transport system there. They are approved 
and licensed by the Government vehicle regist1ation 
authority for use on the road and for the carriage of 
passengers and goods. They are insured in the same way as 
conventiona motor vehicles by the major insurance 
companies. Perhaps most important, they have the approval 
and support of the local motor cycle manufacturers, each 
of whom is associated with one of the major Japanese 
companies. These companies would not lend their name to 
the vehicles - to the extent of including them as an 
integral part of their advertising material - unless they 
considered the attachments safe, soundly engineered and 
worthy to be associated with their brand names. It should 
also be noted that the motor cycle and sidecar does not 
suffer from the same stability problems as the bicycle and 
sidecar because it is heavier and has a lower centre of 
gravity. 

For use in Ethiopia the sidecar and pick-up/van attachments 
to a standard motor cycle offer the following advantages 
over other low cost motor vehicle opt~ons. 

i) they can be manufactu1·ed at a lower cost than 
the othE'r options, yet their performance 
capabilities are comparable in terms cf carrying 
capacity, speed of operation, fuel consumption, 
and the road conditions in which they can orc~r
atc. In the case of the mctor cycl0 and sidRcar, 
its flexibility qive3 i':: ~:11perior characteristics 
to other options, in ~ar~~c~lar because o( its 
capability to operate economically under difficult 
rural conditions. It therefore offers the real
istic prospect of providing motor transp0rt 
scrvicLs for r~ral pcoplo and goods, linking in 
to m~rkct rcntrcs, in circumslances where it is 
unlikel·1 t::h,1t c:onvF•nt1onal motor VE.'hicli>s v;ili 
pro': i.clc :·; uch sc rv ices; 

i) wi';:.h th0 level ot output proposed Cur lht..' low 
cost vehicle industry in Ethiopia, it is sensible 
to nITTximise the d~mand for motor cycles by pro
;:lucing attachments to acbpt them to a range uf 
rl1fferent applications, rather than manufacturing 
a spe:::L,lised three wheeled motorised vehicle. The 
latter course would require a separate production 
technology and additional ~oll3boration agreement 
with <..n ow~rscas supµlier tor a vehicle that woulcl 
be produced only in limited q~antities and for 
which it would therefore be ~ifficult to develop 
signific0nt local content. 
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The detailed design of the sidecars produced in the Philip
pines varies, but the basic specification is as follows: 

i) a welded frumc milcle up of mild steel tube of 38 
mm and 25 mm diameter by 1.5 mm wall thickness. 
Welded to this frame arc three brackets for 
attaching the sidecar to the motor cycle (at the 
front of the motor cycle frame, at the base of 
the frame near the footrest, and at the top rear 
shock absorber mounting); 

ii) a suspension arm, also of tubular construction 
which is attached to the chassis by a pivot at the 
front, and a leaf spring at the rear, into which 
is fitted the sidecar wheel. This is usually of 
the same size and type as the motor cycle wheels 
but can be reinforced for use on rough roads; 

iii) steel sheet panelling for the tubular frame to 
form the body sides and floor, and a roof for the 
passengers. This roof sometimes extends to cover 
the motor cycle rider; 

iv) an upholstered seat, attached to the tubular 
frame, for two or four passengers; 

v) for rough road conditions, brackets to allow 
additional shock absorbers or coil springs to be 
fitted at the rear of the motor cycle; 

vi) a simple lighting system to provide front and rear 
sidelights for the sidecar. 

Similarly, the pick-up/van attachment consists of a tubular 
steel frame with sheet steel panelling to provide the body. 
The frame and body extends over the front of the motor cycle 
to provide an open sided cab for the rider, with a small 
pi1ssenger seat on either side of him, and a perspex wind
screen. A rear axle is attached to the frame by means of a 
leaf spring on each side. Wheels of the attachment are 
either of the motor cycle spoked type, with adapted hubs to 
z1ttach to the full width axle, or <Ht' of cast and m;1chinecl 
aluminium. In each case standard motor cycle tyres arc used 
The attachment is fitted to the motor cycle as follows: 

i) at the front, a clamp is attached to a bracket on 
the motor cycle frame, and bolted to the attach
ment from either side; 

ii) at the r~cti the arrangement is more c0mplcx. Since 
the attachment and the motor cycle both have sus
pension there must be allowance for relative vert
ical movement between them. Two rollers arc fitled 
to the attachment, which move up and down on vert
ical guides mounted on either side cf the motor 
cycle. This allows relative vertical movement 
between the two, but locates the attachment 
laterally. 
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4. 6 

Local manufacture of the sidecar and pick-up/van attachments 
can be established in a single phase with high local con
tent, and no requirement for long-term technical collabor
ation. However, short-term technical assistance will be 
needed to evaluate the designs under Ethiopian conditions, 
finalise the product specifications, design and oversee 
construction of the productioG tooling, and define the de
tailed manufacturing procedures. The small-scale industries 
that produce these devices in the Philippines do not offer 
an appropriate source of technical assistance. The options 
are to utilise an independent source as for the animal cart 
and cycle trailer, or to obtain assistance from the overseas 
collaborators on motor cycle production. The latter approach 
is possible if a Japanese collaborator is selected since 
each of the Japanese companies is involved with industries 
in the Phili~pines. 

Guidelines For The Localisation Of Component Supplies 

As is shown in the previc~s sections, of the range of low cost 
vehicles to be produced in the proposed industry, the two which 
have the most complex technology are the bicycle and the motor 
cycle. For the remaining items - animal cart, bicycle trailer and 
motor cycle attachments, the technologies selected as being most 
~ppropriate for Ethiopia are such that: 

i) long-term collaboration with a commercial overseas 
source of technology is not necessary, though some 
short term technical assistance will be required to 
finalise product specifications, specify the details 
of the manufacturing processes and prepare the 
production tooling; 

ii) it is not necessary to develop local production in a 
series of stages, commencing with assembly and then 
progressively increasing locally manufactured content. 
Rather, production can commence with a high local 
content. The import content will consist of those raw 
materials and specialised components which cannot be 
supplied locally. In general it will be necessary to 
import these items on a longo-erm basis, unless the 
capacity in other sectors of Ethiopian industry is 
developed to supply them locally. 

Por the bicycle and motor cycle it is necessary to determine by 
more detailed analysis the level of local content that is approp
riate to the conditions and to the proposed scale of production 
in Ethiopia, and the stages by which that level should be 
reached. As a starting point, it f s assumed that local assembly 
from semi-knocked down kits (SKD) has advantages over the import 
of built-up units since: 

1. The term SKD is used when a product is suppliecr-as a kit of 
sub-assemblies and individual components. The term CKD is 
used when the product is 'completed knocked down' into 
individual components. SKD is not a precise definition and 
the form in which it is proposed that bicycle and motor 
cycle kits should be imported is detailed in Chapter 5. 
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i) 

ii) 

iniLial purchase price and shipping cost, and hence 
foreign exchange requirement and import duty, will be 
lower; 

some employment will be created loc<llly, and the 
assembly operation will provide the basis from which 
to ck\·clop loc,11 content. 

It is technically feasible to manufacture <lll parts of n bicycle 
or motor cycle in Ethiopia, but the capital investment would he 
enormous and, given the low planned level of output, would never 
be recovered, while the cost of the finished products would be 
very high in comparison with equivalent imported items. Prag
matically, the focus of local production should be on those· items 
which have relatively low capital investment compared with their 
output value, and which reach reasonable economies of scale at 
relatively low levels of production. In order to apply a more 
rigorous approach to determining the appropriate level of local 
content the following issues have been considered: 

i) Adaptatior. of Technology 

ii ) 

While the production of bicycles and motor cycles will 
involve collaboration with an overseas source of 
technology, it does not follow that the manufacturing 
processes adopted should be exactly the same as those 
used in the parent factory. Where appropriate, the 
manufacturing processes and production technology used 
should be changed or adapted in order to maximise the 
iocal content that can be achieved under the conditions 
prevailing in Ethiopia, and in particular: 

* the relatively low planned output levels; 

* the scarcity of cnpitzll; 

* the availability of lnbour ut low cost. 

In ad<lpting the manufacturing technology it may be 
necessary to modify or chanye the detailed design of 
some components to suit the process selected as being 
most appropriate. It is important to ensure that an 
adequate level of quality is maintained in the finished 
product. In establishing a new bicycle <lnd motor cycle 
industry in Ethiopia it may be il[>propriatc to exploit 
the advantages of recent developments in m0nuLwturing 
technologies, even if these arc not utilised in the 
well established parent industries. 

Locally Pro~uced Materials 

rt is desirable to mnke maximum use of locol ly producf'd 
materials. The availability of such materials is 
discussed in Chi:lptcr S. 

iii) Existing Manufacturing Resources 

It is desirable to exploit, wherever appropriate, the 
existing manufacturing resources in Ethiopia, 
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particularly where these are at present under
utilised. However, it is prude~t to ma~e this analysis 
in terms of manufacturing processes which ure the 
·core· of the proposed industry and those which are 
"peripheral· to it. For "core" processes, if capital 
equipment can be used efficiently (ic. with high 
capacity utilisation) solely for the production of low 
cost vehicles, then there are advantages in housing it 
within the factory, to control supply and quality of 
components. This docs not preclude the possibility of 
utilising existing resources for "core· processes if 
there is substantial under-utilisation of capacity at 
present and for the foreseeable future. For 
"peripheral· processes, where utilisation of equipment 
for the production only of low cost vehicle components 
would be low, it is sensible to use existing manufac
turing resources wherever possible. The existing 
industries which are of most relevance are discussed 
in Chapter 5. 

iv Integrated Low Cost Vehicles Plant 

v) 

One of the major reasons for proposing to manufacture 
a range of low cost vehicles in a single factory, 
rather than making each product in a separate plant, 
is to increase the efficiency with which some items of 
capital equipment are used. Several of the main manu
facturing processes are required by two or more of the 
range of vehicles to be made. The common use of manu
facturing equipment for these processes will increase 
its utilisation, and hence increase the overall level 
of local content that is economically viable. 

Economic Viability 

For some of the products included in the project it is 
clearly cheaper to manufacture locally rather than to 
import (the frame of the cycle trailer is a good 
cxa~ple). Where local manufacture of a component is 
cheaper (measured at full cost, including return on 
capital) than importation then the decision is clear 
cut. However, for some elements of a bicycle or moto'."'" 
cycle, local production is likely to be more expensive 
than importation, but may offer other benefits which 
make it worthwhile. for such elements, three criteria 
dre proposed [or determining whether local production 
is worthwhile: 

* the foreign exchange cost of the raw material for 
a locally produced component sho~ld be less than 
the foreign exchange cost of importing it 
complete. It may seem surprising that this should 
ever he an issue, but there are two reasons why 
the importl~d raw materials to make i1 component 
may cost more than the imported part; 

many bicycie and motor cycle parts arc 
produced on a large scale. The producer can 
therefore buy his materials very cheaply by 
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bulK rurchase and can uenefit from the 
economics of scale in convertinq these to 
finished components. The cost of these fin
ished components may be less thlln the cost 
of the raw materials purchased in relatively 
sma 11 qu,1n ti tics for sma 11 sco. l c product ion; 

in the motor cycle industry many comrJoncnt 
suppliers arc under the control of th0 maJor 
mo.nufacturers. The control can be such that 
the manufacturer dictates the level of rrofit 
of the supplier in return for o.ssuring .:1 

captive mo.rket and financial support. In this 
ma nrt!r the cost of components is brought to 
an irreducible minimum; 

when a~sesscd on the basis of "shadow" pricing, 
ie. at ecor.~~ic rather than financial costs, the 
locally produced component should be cheaper than 
the i~ported item. This criterion is intended to 
take account of the economic benefits of loco.I 
manufacture, primarily savings in foreign exhangc 
and utilisation of local resources; 

where components are made in existing induscries 
which have under utilised capacity, the 
depreciation of the existing capital equipment 
used should not be included in determining whether 
local production is worthwhile. 

In practice it is not necessary to apply these criteria 
to every individual component under consideration. 
Hather they can be applied to groups of components 
which use common production processes. 
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5. DETAILED ENGINEERING ANALYSIS 
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This ChRpt0r providPs the detailed enginee£ing analysis of the 
manufacture of the five product groups proposed for the low cost 
vehicles plant: 

* Bicycles 

* Motor Cycles 

* Animal Carts 

* Bicycle Trailers 

* Motor Cycle Attachments 

The bicycle and the motor cycle are the two most important 
products, in terms of contribution to tho turnover of the 
industries, the complexity of the manufacturing processes, the 
level of capital investment required, and the issues associated 
with determining the appropriate level of local content. Although 
the bicycle is less complex than the motor cycle, and its contri
bution to turnover is lower, it is de~lt with first, and in the 
most detail since; 

i ) given its higher output (measured in units) it has 
significantly greater potential for local content; 

ii) it is therefore the product from the range which will 
to a large extent determine the manufacturing 
operations to be carried out in thP plant, and its 
organisation; 

iii) much of the detailed description and analysis of the 
manufacturing and assembly processes is also applicable 
to the motor cycle. 

A section is then devoted to the motor cycle, analysing the 
assembly process, the potential for local content and how it 
fits in with bicycle production, and the components that can 
be made in ancillary industries in Ethiopia. 

The third section is con~erned with animal carts, bicycle 
trailers and motor cycle attachments which, in terms of how they 
fit in with the manufacture of bicycles and motor cycles, and 
of the addi~ional plant required, can be analysed as a group. 

The critical technical and cost information is in the main text, 
w~ile more detailed data is contained in a series of Annexes. For 
each of the stages of assembly, or local man~facture analysed, 
a summary of direct labour requirements, direct material costs 
and equipment costs is presented. This covers only the items 
directly attributable to that assembly or manufacturing stage. 
Indirect costs, and those which must be spread over the range 
of products to be made, are discussed in Chapter 6. 
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In the review of the proposed low cost vehicles industry in 
Chapter 6, more detailed information is given on the numbers 
and grades of direct labour required, and the method of calculat
ing their costs. Similarly, Chapter 6 gives more detailed infor
mation on the items of equipment required and the method of 
estimating their costs. For each stage of assembly or local 
manufacture analysed, the quality control requirements arc 
discussed. Overall quality control procedures are reviewed in 

Chapter 6. 

Before proceeding to the detailed analysis of particular 
produc~s, it is necessary to review the availability of raw 
materials in Ethiopia, and the ancillary industries which have 
the capability to manufacture components for low cost vehicles. 

5.1.l Materials Supply 

There are three local raw materials industries which are relevant 
to the manufacture of low cost vehicles: 

i) Kalliti Steel Industries 

Kalli~i Steel Industries manufacture a range of 
electric resistance welded mild steel tubes from 
imported hot and cold rolled coil. The range of tube 
sizes produced are sufficient to cover all mild steel 
tube requirements of the low cost vehicles industry. 
The range of sizes produced are summarised below: 

Hound Tube: 

Square Tube: 

Rectangular Tube: 

From 18 mm diameter x 0.8 mm 
wall thickness to 127 mm dia
meter x 3.5 mm wall thickness 

From 15 mm square x 1.0 mm 
wall thickness to 100 mm 
square x 3.5 mm wall thickness 

From 20 mm x 10 mm x 1.0 mm W?ll 
thickness to 120 mm x 80 mm x 
3.5 mm wall thickness 

Kalliti imports the material in wide coil form (4.5 
tonnes/coil), slits it to the correct width, then rolls 
and welds the material to form the tube. The only 
slight concern about their tuhe is that some ~f the 
forming rolls arc worn, so that the tolerance on out
side diameter may be less tight than is ideal. This 
will not matter for most applications, but is important 
for bicycle frame tubes, whose outside diameters have 
to suit the lug~ into which they fit. If necP~~~ry 
Kalliti will have to obtain new forming rolls for 25 
mm and 28 mm diameter tubing. 

Kalliti also produce a range of angle sections cold 
rolled from mild steel strip, and mild steel sheet 
slit and cut from imported coil iD thicknesses from 
0.8 mm - 6.0 mm. They can suprly all the mild steel 
sheet rcq11irer.1ents f 0r the low cost veh..i.cles ir.dustry. 
Some of this mu3t be supplied annealed for components 
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which are press formed by drawing. Since Kalliti have 
slitting facilities, mild steel strip for press formed 
components can be supplied by them in continuous coils 
slit to the correct width for forming. 

Kalliti also produce cold rolled sections for building 
construction - door and window frames - and supply 
aluminium sheet. Their total product output at present 
is 5,000 tonnes/annum, mostly tube and sheet. 

Akaki Iron and Steel Works 

The main product from Akaki at present is corrugated 
galvanised roofing sheet, made from imported cold 
rolled sheet in four thicknesses - 0.2, 0.25, 0.32 
and 0.4 mm. They can supply the galvanised sheet 
uncorrugated, and go up to 0.6 mm thickness if there 
is sufficient demand. Current capacity is 21,000 tonne 
per annu~ on three shifts. 

Early next year they plan to recommence production 
of welded steel tube and galvanised wat· r pipe, using 
equipment which has been unused for several years. The 
welded steel tube, which is of most relevance, will 
be ta the same specification as Kalliti, except that 
it is induction rather than resistance welded. However, 
the range of sizes will be limited: 

Round Tube: 

Square Tube: 

Rectangular Tube: 

From 20 mm diameter x l.2mm 
wall thickness to 32 mm dia
meter x 1.2 mm wall thickness 

25 mm x 25 mm square - 1.2 
and 1.5 mm wall thickness 

50 mm x 30 mm x l.S mm wall 
thickness. 

While electric resistance welded mild steel tube is 
acceptable for low cost vehicl~ applications, induction 
welded tube is of better quality. Akaki ~roducts should 
therefore be used in preference to Kalliti when 
suitable sizes are available. Planned output of steel 
tube is 3,500 tonne/annum. 

iii) Ethio-Foam 

Ethio-Foam produces a range of flexible thermoplasti~ 
foams which can be used for any upholstery work on 
low cost vehicles. 

There iE another public sector industry producing steel sections, 
Akaki foundry. They process a combination of scrap and imported 
material to produce reinforcing har, but this is only of a 
quality suitable for building co~3truction work. 

In the engineering analys:s of low cost Jehi=les, prices for 
locally available raw matPrials have been obtained from tte S~les 
Di.vision of NMWC . .t'rices of imported material~ are based on 
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latest comparable quotes available from the Purchasing Oepartment 
of NMWC. Annex S details the calculation of material pric2s used 
in the .:1nolysis. 

5.1.2 Ancillary Industries 

There arc C1 limited number of industries in Ethiopia currently 
producing ancillary components for the automotive industry. Of 
these the most important is the Addis Tyre Company which manu
factures cross ply tyres and inner tubes for heavy and light 
commercial vehicles and private cars, using imported raw 
materials - rubber, chemicals, ply, and bead wire. Its current 
capacity is about 110,000 tyres and tubes per annum, though 
actual output is dependent on the mix of different sizes of 
tyre. It has an agreement with the Yokahama Company of Japan 
whereby they advise on technical matters by correspondence, and 
by regular visits to the plant in Addis Ababa. Addis Tyre also 
produces limited numbers of compression moulded rubber components 
using equipment primarily intended to make laboratory samples. 
Addis Tyre has an agreed four year expansion programme to double 
its output of tyres and tubes, and to expand its capacity to 
make other moulded rubber compoI1ents. 

Ethio-Springs manuf~ctures a range of leaf springs from imported 
raw materials, and already supplies springs as original e~uipment 
for the trucks and buses assembled at the AMCE plant in Addis 
Ababa. The Addis Ababa Battery Factory fills and assembles 
Ebonite-cased batteries using imported parts and materials, and 
supplies these as original equipment to the AMCE ~actory. A 
private company in Asmara produces a range of oil, air and fuel 
filters for internal combustion engines. 

There are three public sector industries which have manufacturing 
capabilities relevant to the production of low cost vehicles. The 
Ethiopian Metal Tools Factory produces a r.:1ngc of hand tools, 
and therefore has substantial fo~ging ar.d heat tLeatment 
capacity. To complement its own product range it produces forged 
components for other industries under contract. It also has some 
facilities for cold press forming. A feasibility study on the 
factory has recently been completed which proposes the purchase 
of new equipment to rehabilitate the existing facilities and 
allow a degree of expansion. 

Ethio Plastics and Ethio Gas and Plastic Crates both [,av~ under 
utilised capacity for injection moulding of thermoplasti~s, the 
former up to a shot weight of about 110 gm, the latte£ about 
300 gm. Ethio-Plastics also has under-utilised capacity for 
extrusion moulding of plastics, and the pr0~uction of plastic 
sheathed copper wire. This includes facilities for ~rawing and 
winding the wire as well as extrusion rnn11lr1ing of th plastic 
sheath. 

Two planned initiatives are relevant to the low cost vehicles 
inrlustry. Implementation has commenced of a project (known as 
the FATA Project) to establish a factory to make spare parts 
for processing equipment used in existing industries in Ethiopia 
(eg. sugar, textiles, etc.). T~e factory, which is planned to 
start producing spare parts at the beginning of 1988, will have 
forqing, foundry, machining anrl heat treatment facilities. 
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Initially th~ focus will be on supply of spare parts for existing 
processing equipment, but if the factory proves to have spare 
capacity this could be used in the future to make components 
for low cost vehicles. The factory will have the facilities to 
make new forming rolls for Kalliti. 

A project currently being studied is the establishment of an 
engineering design centre and pilot toolroom. If this goes ahead 
to an appropriate time schedule it could provide facilities to 
make production tooling for the low cost vchic~e industry. 

5.2 Bicycle Manufacture 

The analysis of bicycle production is based on the standard 
roadster model. Annex 6 presents a detailed component breakdown 
of this model, noting the variations for double top tube and 
ladies' frames. The Annex also lists the items that can be 
supplied as accessories to the basic specification. 

The planned capacity for bicycles of 12,500 units per annum is 
insufficient to justify the local manufacture of those components 
for which the available technologies are capital-intensive, 
requiring specialised, high output equipment. Listed below are 
those i~ems which are precluded from local manufacture for this 
reason. For each item the minimum level of economic production, 
based on Indian experience, is given together with the output 
required in Ethiopia. 

Item 

Spoke 
Nipple (and Washer) 
Chain 
P2dal 
Freewheel 
Bottom Bracket Shell 
Mudguard 
Rim 
Hub 
Saddle 

Minimum Economic 
Production Level/ 
Annum 

10,000,000 
10,000,000 

150,000 
200,000 
100,000 
100,000 
150,000 
100,000 
100,000 
40,000 

Output Required 
In Ethiopia/ 
Annum 

1,000,000 
1,000,000 

12,500 
25,000 
12,500 
12,500 
25,000 
25,000 
25,COO 
12,500 

Components such as ball bearings, nuts, bolts and washers are 
normally produced in vast quantities by specialist manufacturers 
and supplied to the bicycle industry. 

The analysis of bicycle production in Ethiopia is therefore based 
on those elements of the process which are relatively efficient 
at lower levels of production, specifically: 

i) assembly from imported SKD Kit; 

ii) manufacture and painting of frame and front fork; 
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iii) wanufacture and pla~ing of press formed a~d tubular 
components; 

iv) manufacture and plating or hardening of machined 
components; 

v) manufo.cturc of ccr:iponents by exj_st1ng inclustries ;.n 
Ethiopia. 

In addition to exploiting existing resources in the country for 
component manufacture, the system of production proposed makes 
maximum use of the facilities at Kalliti Steel Industries for 
the initial processing of imported raw material. Thus the 
proposed system utilises steel tube, sheet and slit coil supplied 
by Kalliti. 

T~e system proposed requires the continuing import of bicycle 
parts to the value of ~bout 49~ of ~hat of a complete SKD Kit. In 
other words about 51% of the value of the complete kit is 
replaced by locally manufactured parts. However, these parts 
do use imported raw materials. 

There is a significant demand for bicycle spare parts in 
Ethiopia, and this will increase as the stock of bicycles rises. 
The proposed industry will be able to produce certain components 
for the spare parts market, as well as complete bicycles. 

It is worth noting that, if the market for bicycles increases 
substantia 11 y to, say, 2 5, 000 uni ts per annum, there is potentia 1 
for increasing local content to include saddles, pedals (usin0 
a rlastic moulded pedal insert), hubs (for which some of the 
required processes will already be available), and mudguards 
(possibly by the development of rolling facilities at Kalliti 
Steel Industries). 

In the an?,"sis of bicycle production, labo~Jr and equipment 
requircme a have been calculated on the b~sis of a capacity 
of 12,500 ~nits per annum, on a single shift basis, operating 
at 80% efficiency, assuming 2,000 working hours per annuffi. 

5.2.l Assembly Of Bicycles From SKD Kits 

The estimated cost breakdown for a complete kit of bicycle parts 
(Cif Assab) is give~ in Table S.l. The total cost, bascrl on 
supplies from India• is 125.2 Birr. 

Annex 7 presents a detailed analysis of the propose~ organisation 
of bicycle assembly, including equipment and direct l~bour 
requirements. The Annex decails the form in which the kit is 
supplied. It is s0mi r~~her than completely knocked down since 
those components which are permanently joined (by welding, 
brazing or rivetting) to form sub-assemblies are supplied 
assembled and finished (by painting or plating). However, within 

l. For comparison, the Chinese summary of the costs [or a ~lant 
to assemble 50,000 bicycles a year used a CIF cost. of US 
$55 (114 Birr) for a kit. The average CIF r,ost of an 
imported bicycle in 1984 was 144.9 Birr. 
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fABLE 5.1: COST OF COMPLETE KIT OF BICYCLE PARTS 
SOURCED FROM INDIA 

Frame Assembly 

Front Fork 

Handlebar 

Hub (Front and Rear) 

Freewheel 

Brake Set 

Transmission Set 

Spokes and Nipples 

Rims and Tape 

Tyres and Tubes 

Saddle and S1~at Pillar 

Mudguard Set 

Accessories 

Pump 
Sidestand 
Lamp Bracket 
Carrier 
Tool set 

Price CIF Assab (Birr) 

2 2. ') 

9.0 

6.75 

5.0 

3.3 

4.0 

11 • 7 

7.U 

13.65 

1 0. 5 

12.0 

7.8 

1 2. 0 

125.2 Birr 

-1 ()()-
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this constraint the kit is as disaggregated as p0ssibl~ except 
that the hubs are suppli2d assembled since this must be do~e 
prior to plating. The system of assembly is as follows: 

ii incoming kits are checked and put into the component 
store-; 

ii) batched sets of parts are despatched, on purpose-built 
trolleys to the appropriate sub-assembly or final 
assembly line stations; 

iii) the complete bicycles are checked as they 10.ave the 
final assembly line, packed, and despatched to the 
finai store. 

The quality control procedures for assembly are as follows: 

i) import~d parts to be to specification and sta~dard 
agreed with the supplier; 

ii} visual inspection of parts when unpacking crates and 
delivering items to store. Damaged or reject items 
to b~ replaced by supplier; 

iii) further identification of reject or damaged items 
during assembly; 

iv} detailed final inspection (defined in Annex 7) to 
control quality of assembly. 

These procedures will fo~m part of the total quality cont~ol 
system as locally manuf3ctured parts replace some compone~ts 
in the imported kit. 

Table 5.2 lists the equipment required solely for assembly of 
bicycles. Table 5.3 details the labour requirement and estimate 
of cost elements directly associated with the assembly of 
bicycles. Both the investment in assembly equLpment and the 
labour content are low. 

5.2.2 Manufacture Of Frame And Fork 

Almost all parts of a bicycle are either plated or painted. 
~herefore the development of component ffianufacture is linked 
to the provision of these finishing facilities. The major painted 
items are the frame and the front fork. Most of the components 
for these items can be manufactured locally, but one critical 
part, the bottom brack~t, must be imported. 'I'his part is made 
either as a complex pressing or as a malleable iron casting. The 
press forming m~thod involves an 2xpcnsivc set of tooling which 
can only be justified by large scale production. M3ny manu
facturers therefore co~ti~ue to use cast bottom brackets which 
are normally supplied by specialist foundries. 

Allowing for the conti~ued import of this item and other major 
components, the value of the imported items replaced by a locally 
manufactured frame and fork is 27.5 Birr, or about 26% of the 
value of the complete kit of parts. 
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TABLE 5.2: EQUIPMENT REQUIRED FOR ASSEMBLY OF BICYCLES 

2 Hand Presses 

s Vices 

10 Sets Hand Tools 

Wheel Stand 

6 Pneumatit...: 3crewarivers (with tools) 

1 Truing Stcind 

1 Tyre Roller 

Tyr~ Inflator 

Eye Nut Inserter 

6 Benches 

27 Mobile Racks 

4 Fixed Racks 

3 Bicycle Stands 

1 Ground Level Track 

Tota: Estimated Cost 100,500 Birr 
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TABLE 5.3: DIRECTLY ATTRIBUTABLE COSTS QF BICYCLE ASSEMBLY 

1 • Materials 

Imported kit CIF Assab 

Import Duty 1 

Transport 2 

Packing Material 

Total Material Cost 

2. Labour 

1 4 Workers 

3. Equipment For Assembly 

(Depreciated at 10%/Annum) 

15% Duty 

Cost/ 
Bicycle Birr 

125.2 

18.75 

5 . El 

5.0 

154.55 

----

3.48 

0.84 

Cost/ 
Annum Rirr 

1,565,000 

234,500 

70,000 

62,500 

1 ,932,000 

43,500 

10,500 

2 All transport costs Assab - Addis Ababa Calculated at 
0.125 Birr/Tonne km. 
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Materials for the manufacture of the frame and fork will be 
supplied primarily from Kalliti, as follows: 

i ) welJ2d steel tube in various standard sizes - 40 
ton;<·"~/ annum (note the tube must be formed from cold 
ro 1 1 ed strip) ; 

ii) mild steel cold roiled strip supplied in slit coil 
form from Kalliti - 22 tonnes/annum. Imported materials 
would be supplied to Kalliti in standard lm width, 
4.5 tonne coils. Using their existing facilities they 
can slit this into coils of precise widths for the 
press forming of different components. Some of the 
steel strip will be supplied annealed (7.5 tonne), 
the remainder as rolled (14.5 tonne). 

In addition a small amoun~ of imported wire is required, together 
with painting, brazing and welding materials. 

Annex 8 describes the frame and fork manufacturing process and 
details the equipment and labour requirements. However, it is 
worth commenting on some of the features of the process. A lugged 
and brazed bicycle frame gains its strength from the fact that 
the tubes are joined by lugs, each one formed from a single piece 
of steel. Each lug i5 formed by a series of pressing operations: 

i) blanking from steel strip or coil; 

ii) shallow drawing to form the curve of the ports; 

iii) bending and closing to the final shape. 

The lug is then welded along the open seam that remains, and 
the ports are reamed tn diameter for the tubes to fit inside 
and leave the correct gap to achieve good brazing quality. 
Manufacture of the tubular components involves tube cutting and 
press forming operations. A special-purpose tube cutting lathe 
is recommended, since this gives accurate control over tube 
length. The most complex part of the fork is the blade, which 
is of tapered oval cross section. For large scale production 
the shape can be formed from steel tube, but at lower levels 
of output it is press formed from sheet by blanking, bending, 
closing and welding along the seam. 

Some of the press forming tools detailed in Annex 8 are pro
gression tools. On these tools two operations (usually piercing 
and blanking) are carried out in one stroke of the press. For 
the various welding operations, MIG welders are proposed. These 
are faster, and require less skill, than gas welding and, for 
the material thicknesses used give a good quality joint. 

To make the frame the various components are assembled in a 
fixture, and held together temporarily by drilling holes through 
the joints and fitting pegs. The joints are then brazed. There 
are various methods of brazing a bicycle frame but the one 
proposed is dip brazing. Each frame joint is dipped into a bath 
of molten brass which runs up into the gap between tube and lug 
by capillary action. The brass solidifies on cooling. Any excess 
brass is then removed electrolytically. This method of brazing 
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is less efficient in its use of brass than otners, but it is 
easier to achieve good quality, and it suits the planned level 
of production. After brazing any distortion in the frame is 
removed by setting it manually in a fixture. The head and seat 
tubes are reamed to the correct diameter for their fittings, 
and the bottom bracket threads are tapped on a special-purpose 
machine. 

To make the fork the various components are assembled in a 
fixture and held together by tack welding. The fork crown joint 
is then dip brazed. The fork blades are bent to the correct shape 
in a special fixture after brazing. 

Annex 8 does not detail the painting operation since it is 
recommended that two methods be evaluated. The traditional way 
of painting a frame or fork in small-scale industries is by stove 
enamelling. The sequence is as follows: 

i) degreasing, to clean the frame; 

ii) bonderising (phosphatingl to provide a rust protective 
layer; 

iii) painting, by spray or dipping; 

iv) stove baking. 

Three coats of paint are usually applied, a primer and two 
finishing coats, with baking after each stage. 

A process which has recently become common in small-scale cycle 
industries in Europe and America is powder coating. The process 
is as follows: 

i ) the frame is shot blasted to clean it and prepare the 
surface for painting; 

ii) an epoxy paint is applied electrostatically in powder 
form; 

iii) the frame is passed through a low temperature oven 
where the particles of paint soften, coalesce, and 
cure to a high quality finish. 

Two laye~s of paint are normally applied, a primer and a final 
layer. Epoxy powder paint is more expensive than enamel, but 
the process has the following advantages; 

i) the degreasing and phosphating processes are replaced 
by a single shot blasting operation requiring only 
one piece o[ equipment; 

ii) the amount of paint used is minimised. Only two layers 
are required, and with powder coating they can be very 
thin. The electrostatic method of application minimises 
wastage; 

iii) it is very easy to change colours with minimum 
downtime; 
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iv) it produces a high quality finish which is resistant 
to damage since the cured paint retains some flexi
bility and deforms rather than cracks when knocked. 

Subject to a comparison of relative costs, powder coating is 
recommended as a more modern, more efficient and better quality 
painting method. Furthermore, the process is suitable for other 
products to be made in the low cost vehicle plant. 

In summary, four manufacturing sections are required for the 
production of frames and forks: 

Press Forming Section 

Tube Manipulation 

Frame and Fork Assembly 
and Brazing 

Painting and Finishing 

Which will make the pressed 
components, including welding, 
grinding and reaming of lugs. 

For cutting and deburring of 
tubes. 

Including post-brazing operations 
prior to painting. 

Self explanatory. 

The Press Forming, Tube Manipulation and Painting and Finishing 
Sections will also be useu iP. the manufacture of other products. 
Frame and fork production will involve the introduction of 
certain quality control procedures; 

i) the use of fixtures for assembling frames and forks 
provides an in-process check on tube lengths; 

ii) for good brazing it is important to maintain the 
correct gap between tube and lug. It will therefore 
be necessary to: 

* 

* 

check that the diameter of tube supplied from 
Kalliti is within tolerance limits; 

check the diameter of the ports of all lugs using 
"go-no go" gauges: 

iii) visual checks of frame and fork joints after brazing 
for unfilled gaps; 

iv) testing of selected frames and forks using standard 
non-destructive proceuures. 

Table 5.4 lists the equipment requirements for frame and fork 
production, by section. Although it is proposed to have the steel 
strip for press forming supplied in slit coil form, it is 
desirable to have a guillotine shearing machine to prepare steel 
strip for those press formed components where the quantity of 
material used is not sufficient ~o justify using coil. Such a 
machine is included in the facilities provided for manufacture 
of carts, trailers and motor cycle attachment. It has sufficient 
spare capacity to prepare sheet for press forming. 
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fABLE 5.4: MANUFACTURING EQUIPMENT FOR THE PRODUCTION OF 
FRAMES AND FORKS 

P n• ~; s F or m i n g Se c t i on - E s t i ma t e d C o s t 3 2 2 , 5 0 0 8 i r r 

~ Mechanical Presses with Coil Feeds 

2 MIG Welders 

Pedestal Drill 

Pedestal Grinder 

Spot Welder 

Wire Straightening and Cutting Machine 

58 Press Tools (Including those for double top tube model) 

Chainstay Welding Fixture 

Seatstay Welding Fixture 

Tube Manipulation Section - Estimated Cost 42,500 Birr 

Special Purpose Tube Cutting Lathe 

Deburring Machine 

Slotting Machine 

Frame And Fork Assembly And Brazing - Estimated Cost 154,000 Birr 

Dip Brazing Furnace - Frames 

Dip Brazing Furnace - Forks 

Electrolytic De-Brassing Tank 

3 Frame Assembly Fixtures 

Fork Assembly Fixture 

Frame Setting Jig 

Pedestal Drill 

Special Purpose Tapping Machine 

Fork Bending Fixture 

10 Frame Brazing Jigs 

Gas Welder 

Portable Drill 

Painting Section - Estimated Cost 100,000 Birr 

Complete Painting Plant 

TOTAL 619,0UO Birr 
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Table 5.5 makes an estimate of thP direct materials and labour 
cost for frame production, and of the depreciation of manufactur
ing equipment and tooling. The value of the imported components 
replaced is 27.5 Birr/bicycle, while the cost of direct 
materials, labour and equipment depreciation for local production 
is 27.03 Birr/bicycle. Given the saving on foreign exchange this 
implies that local production is worthwhile. 

With the facilities required for frame and fork production it 
is feasible to import the mudguards unpainted, make wire hairpin 
stays, and build up the mudguard assemblies in the factory. They 
would also be painted in the factory, which ensures that they 
match other painted items. 

5.2.3 Manufacture Of Tubular And Press Formed Plated Components 

There are several parts on a bicycle which require the same press 
forming or tube manipulation processes as the frame components 
but which are plated rather than painted. Thus, by the instal
lation of a plating plant, and certain other additional equip
ment, these components can be manufactured locally, sharing some 
of the plant used for frame and fork production. 

Annex 9 details the components that come into this category, 
and the production operations, equipment and labour require
ments. In summary, the components consist of the handlebar 
assembly, the pressed steering assembly fittings, the seat 
pillar, and press formed or tubular brake components. The 
estimated CIF value of the imported components replaced by the 
local manufacture of these items is 12 Birr, or about 9.5% of 
the value of a complete imported kit. The 12 Birr is made up 
as follows: 

Handlebar Assembly 6.0 
Brakes 3. 5 
Seat Pillar and Fork Fittings 2.5 

The production of most of these items is straightforward but 
it is worth explaining certain features briefly. The handlebar 
lug is made in the same way as the frame lugs, and the bar and 
stem are cut to length from tube. The three items are assembled 
and the joint is dip brazed. The handlebar is bent to shape, 
and the holes drilled for the brake lever fittings, after brazing 
and prior to plating. The seat pillar is cut to length from tube, 
and one end is closed down to the correct diameter to fit the 
saddle by a press forming operation. The various braking system 
components are made by press forming from sheet, cutting from 
tube or cutting from wire. They are built up into sub-assemblies 
by hand brazing prior to plating. Some of the materials for the 
manufacture of these components can be supplied from Kalliti: 

i) welded steel tube in two standard sizes - 15 tonne 
per annum (the tube to be formed from cold rolled 
strip); 

ii) cold rolled steel strip supplied in slit coil form 
17.5 tonne per annum, of which 6.5 tonne will be 
supplied annealed. 
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TABLE 5.5: DIRECT ATTRIBUT~BLE COST OF BICYCLE FRAME AND FORK 
PRODUCTION 

Materials 

Tube Purch2 ~d Fr8m Kalliti 

40 Tonne la, ',500 Birr/Tonne 

Annealed Sheet ~urchased From Kalliti 

In Slit Coils 7.5 Tonne @ 2,300 Birr/ 

Sheet Purchased From K3lliti In 

Slit Coils 14.5 Tonne @ 2,200 Birr/Tonne 

Steel Wire 0.4 Tonne'Annum@ 

2,000 Birr/Tonne 

Process Materials 

(For Welding, Brazing and Painting) 

Total Materials 

Labour 

1 5 Workers 

Equipment 

(Depreciated at 10%/Annum) 

- I f)q_ 

Cost/Bicycle 
Birr 

8.0 

1 • 3 tl 

2.55 

0.07 

6.84 

1 8. 84 

3.24 

4.95 

Cost/Annum 
Birr 

100,000 

17,250 

31 , 900 

800 

85,500 

235,450 

-----

40,500 

61,900 
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The remaining materia1s will ue imported: 

i ) 

.. \ 
1 l I 

mild st~cl rod 10 tonne/annum; 

hard bright wire 0.9 tonne/annum; 

iii) sm~ll diameter tube for brake parts (sizes not 
available from Kalliti) 0.9 tonne/annum; 

iv) process materials for plating. 

The manufacture of these components will utilise the same 
facilities as for frame production: 

il press forming - the mechanical presses, welding, 
grinding and reaming facilities, and the wire 
straightening machine; 

ii) tube manipulation - the Lube cutting lathe, and 
slotting machine; 

iii) frame and fork assembly - for dip brazing. 

The additional facilities required in these sections wjll be: 

i) an additional, small capacity mechanical press for 
making the small brake parts, together with 43 press 
tools; 

ii) handlebar bending fixture and drilling jig, and a hand 
brazing set. 

The major additional equipment needed is a complete plating 
facility for nickel and bright chromium plating. This will 
include polishing machines for finishing the co~ponents after 
plating. The facility will be used to plate components of all 
products manufactured in the factory. 

Quality control of these components involves the following 
inputs: 

i) use of "go-no go" gauges to check bores of handlebar 
lug prior to brazing; 

ii) a test rig for carrying out non-destructive testing 
of selected handlebars taken from the production line 
after brazing and bending; 

iii) laboratory facilities for control of plating process. 

Table 5.6 summarises the equipment requirement for manufacture 
of press formed and tubular plated components. Table 5.7 details 
direct material and labour costs for these operations, together 
with an estimate of equipment depreciation costs. The sum of 
these costs is slightly higher than the import value of the 
components (12.92 Birr compared with 12 Birr). However, taking 
into account the saving in import duty (15% of 12 Birr) and in 
foreign exchange, and the fact that the plating plant can be 
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TABLE 5.6: ADDITIONAL MANUFACTURING EQUIPMENT FOR PRESS 
FORMED AND TUBULAR PLATED COMPONENTS 

Press Forming Section - Estimated Cost 115,000 Birr 

Mechanic3l Press 

43 Press Tc.ols 

Frc~e/Fork Assembly and 8razi!:2_9_2~~ti,9_!l - Estimated Cost 9,500 Birr 

Handlebar Bending Fixture 

1 Hand Brazing Set 

Bench and Vice 

Plating Section - Estimated Csot 112,000 8irr 

1 Nickel and Chromium Plating Plant with 

Material Handlin~ Equipment 

2 Double Ended Polishing Machines 

Total 236,500 Birr 
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TABL[ 5.7: DIRECT ATTRIBUTAGLE COST OF PRESS FORMED AND 
TUBULAR PLATED COMPONENTS 

Materials 

Tube Purchased From Kalliti 

15 Tonne @ 2,500 Birr/Tonne 

Anneal~d Sheet F~om Kalliti 

6.5 Tonne @ 2,300 Birr/lonne 

Sheet From Kalliti 

11 Tonne ~ 2,200 Birr/Tonne 

Imported Rod 

10 Tonne ~ 1, 375 Birr/Tonne 

Imported Wire 

0.9 Tonne ~ 3,000 Birr/Tonne 

ImportPd Small Tube 

0.9 Tonne ~ 3,000 Birr/Tonne 

Process Materials 

~1 a t e r i a l s T o t a l 

Labour 

6 Workers 

Equipment 

(Depreciated @ 10%/Annum) 
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Cost/Bicycle 
Birr 

3.0 

1 • 2 

1 • 94 

1 • 1 

0.22 

0.22 

2.2 

9.89 

1 • 1 5 

1 • 89 

Cost/Annum 
Birr 

37,500 

14,950 

24,200 

13,750 

2,700 

2,700 

27,500 

123,300 

1 4, L100 

23,650 
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used for other operations, investment in the local m~nufacture 
of these components appears worthwhile. 

5.2.4 Manufacture Of Machined Bicycle Components 

There arc a series of machined components on a bicycle which 
are either plated or case hardened. The total value of the 
machined components as part of an imported kit is about 3 Birr. 
This is only a small part of the total value of the kit, but; 

i) manufacture of these components will use existing 
plating facilities; 

ii) the Ethiopian Metal Tools Factory has the necessary 
heat treatment facilities; and 

iii) a machining section is necessary for other products 
of the industry. 

Materials for the manufacture of these components will be 
imported: 

i) round mild steel bar, black finish, in various sizes, 
and hexagonal mild steel bar (40 mm across flats) -
15.65 tonne/annum; 

ii) process materials for plating. 

The availability of plating facilities in-plant, and the forging 
capacity at EMTF, also allow consideration of the manufacture 
of the cranks and chainwheel. The total value of these components 
as part of an imported kit is estimated at 6 Birr. Material 
requirements for EMTF are as follows: 

i) to be supplied by Kalliti, cold rolled mild steel sheet 
- 11.75 tonne/annum; 

ii) to be imported, mild steel black bar 32 mm diameter 
- 23.65 tonne/annum. 

The local manufacture of these components will require the 
establishment of a machining section in the factory. 

Annex 10 describes the manufacturing processes for all the above 
components, and details the equipment and labour requirements. 
The machined components require a series of turning operations, 
most of which are best carried out using a capstan lathe, working 
from bar stock. Some require additional turning or drilling 
operations after parting off. The axle has two flats milled on 
it, and the two ends are ground after hardenir1y. The qudlity 
control procedures are as follows: 

i) use of a capstan lathe provides the first stage of 
control since the correct setting of the tooling is 
primarily responsible for the correct dimensions of 
the final components; 

iil this will be complemented by dimensional checking of 
selected components from the production line, using 
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go-no go gauges, to monitor any changes in the setting 
of machines during the processing. The ground diameter 
of the axle ends will be checked in the same way; 

iii) hardness checks will be carriPd out on batches ot heat 
treated components relu~ned irom the Metal Tools 
Factory. 

The two cranks are m2de hy forging from bar stock, and are 
machi~ed to face the criti~al surfaces, and to drill the bottom 
bracket axle, pedal axle ard cotter pin holes. The pedal axle 
hole is then tapped. These machining operations will be carried 
out in the factory. The chainwheel is made by a series of pres3-
ing operations. However, these require a larger capacity press 
than is needed for other operations in the factory. It is there
fore proposed that :~is component is made using existing 
facilities at the Ethiopia Metal Tools Factcry. Th2 R.H. crank 
and chainwheel are assembled by fitting the wheel over a boss 
on the crank, and then rolling the boss. This assembly operation 
would be carried out in the machining section of the factory. 

Table 5.8 details the equipment requirements for manufacture 
of machined components and the cranks and chainwheel. It is 
assumed that the press forming and forging dies for the latter 
would be purchased by the low cost vehicle industry and supp!ied 
to the Metal Tools Factory to make the comp0nents under contract. 

Table 5.9 makes an estimate of the direct materials and direct 
labour costs for production of these components, and of the 
depreciation of manufacturing equipment and tooling. 

5.2.5 Manufacture Of Bicycle Components By Ancillary Industries 

In addition to the processing of materials by Kalliti, there 
are three other possibilities for local manufacture of cycle 
components by ancillary industries. 

* Tyres and inner tubes Addis Tyre 

* Plastic components Ethic-Plastic 

* Accessories Small-Scale Industries 

The estimated reduction in CIF value of the imported kit of parts 
from local manufacture of these items is a~out 15 Birr, accounted 
for primarily by the tyres and tubes. 

Tyres and Tubes 

The Addis Tyre Company h~s the "up-stream'' equipment for 
rubber compounding and preparation, ply cutting, and bead 
making needed for manufact•1re of cycle tyres and tubes. 
The additional equipment required to make bicycle tyres 
and tubes would be for the down-stream operations of tyre 
construction and moulding, and inner tube making. An output 
of 12,500 bicycles per year gives a requirement of 25,000 
each of one size of tyre and tube. Since tyres and tubes 
usually constitute the largest maintenance cost for 
bicycles, there is also a substantial spare parts market, 
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TABLE 5.8: MANUFACTURING EQUIPME~T FOR THE PRODUCTION 
OF MACHINED COMPONENTS, CRANKS AND CHAIN WHEEL 

~~·---------------~-------------------

Machining Section - Estimated Cost 203,000 Birr 

Capstan Lathe 

2 Chucking Lathes 

1 Milling Machine 

Centreless Grinding Machine 

1 Pedestal Drill 

rapping Machine 

4 Drilling Jigs 

Milling Jig 

Chainwheel Rolling Machine 

Plating Section - Estimated Cost 6,000 Birr 

1 Polishing Lathe 

Tools For EMTF - Estimated Cost 45,000 Birr 

5 Press Tools 

2 Forging Dies 

Total 254,000 Birr 
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TABLE 5.9: DIRECT ATTRIBUTABLE COST OF BICYCLE MACHINED 
COMPONENTS, CRANKS AND CHAINWHEEL 

Materials 

Sh e e t P u r ch a s e d F r om ~: a 11 i t i 

11 .75 Tonne@ 2,200 Birr/Tonne 

Imported ~ild Steel Bar 

39.3 Tonne @ 1 ,375 Bir.:-/Tonne 

Process Materials 

Labour 

5 Workers 

Equipment 

(Depreciated @ 10%/Annum) 

Cost/Bicycle 
Birr 

2.07 

4.32 

0.88 

7.27 

1 • 1 5 

2.03 

- I I h-

Cost/Annum 
Birr 

25,850 

54,040 

11 '000 

90,890 

14,400 

25,400 



both for existing bicycles (though not all of these will 
use the same tyre size) and for those produced by the 
proposed industry. 

The company could also produce heavy duty tyres for the 
bicycle trailer, using the same equipment but a different 
construction specification. Given the demand for tyres and 
tub~s as spare parts, in addition to the original equipment 
requirement, the local manufacture of these items by Addis 
Tyre in parallel with the establishment of the bicycle 
industry would seem worthwhile. 

The investment in production equipment, and the purchase 
of raw materials, would be by the Addis Tyre Company who 
would supply to the proposed industry as origina~ equipment, 
and distribute through the spare parts market for replace
ments. The existing technical agreement between Addis Tyre 
and Yokahama provides the expertise needed to ensure correct 
specification and satisfactory quality, in conjunction with 
the quality control procedures already used by the company. 

Plastics Components 

Ethic-Plastics has underutilised moulding capaciL;. This 
facility could be used to make handlebar grips and plastic 
rim tapes. The handlebar grip is a simple slush moulding 
and with a requirement of 25,000 units per annum the invest
ment in a moulding tool (2,000 Birr) would be well worth
while. The estim~ted material consumption of plastic PVC 
is 1.5 tonne/annum at 2,025 Birr/tonne - 3,040 Birr/annum. 

The traditional type of rim tape is woven from natural fibre 
and held together by a simple clip. A more recent design 
is made as a plastic band, which is fitted by stretching 
it over the rim. It is made as a continuous extrusion 
moulding which is cut to length, the ends are heat welded 
to form a tape of the correct diameter, and a hole is 
punched for the tyre valve. The investment would be in an 
extrusion die (10,000 Birr) and ancillary equipment for 
heat welding and hole punching (5,000 Birr). The estimated 
material consumption of thermoplastic polyurethane is 1.25 
tonne/year at 3,525 Birr/tonne - 4,400 Birr/annum. The 
commercial arrangement for these plastic moulded items would 
be for the low cost vehicle industry to provide the 
equipment and tooling to Ethic-Plastics who would produce 
under contract. 

Accessories 

Two accAssories, the carrier and a parking stand, could 
be produced by private small-scale metal working 
industries. They can be made by labour intensive methods 
with very limited capital investment. The low cost vehicle 
industry would simply contract with a suitable private 
company to supply these items in quantities according to 
customer requirements. 
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5.3 Motor Cycle Manufacture 

Except at much higher levels of production than are envisaged 
for Ethiopia, one would expect that the local content of a 
bicycle would be higher than for a motor cycle at the same level 
of output (mea'c:iured in units per annum). This is because in 
comparison with the bicycle, the motor cycle is a more complex 
technology, using high specification raw materials, and a 
significant part of the total value of the machine is accounted 
for by the engine/clutch/gearbox assembly. This is designed for 
large-scale, capital intensive manufacture. Thus, since the 
planned output of motor cycles is only 40% of that of bicycles 
and will be split between two models, the viable level of local 
content will be substantially lower. 

Of the examples of developing country motor cycle industries 
given earlier the nearest equivalent, in terms of scale of 
production, to that envisaged in Ethiopia is the Philippines 
industry immediately after the establishment of the progressive 
manufacturing programme. There were then four manufacturers with 
a total capacity of 33,000 units. The smallest of these had an 
output of 6,000 units per annum, which is comparable with the 
capacity proposed for Ethiopia. This manufacturer, like the 
others, gave a commitment to achieve 50% local content over a 
five year period. However, this level of local content is not 
realistic for Ethiopia at this stage for the following reasons: 

i) as noted earlier, the measure of local content used 
in the Philippines is optimistic. Measured in terms 
of the true value of the components of a complete motor 
cycle kit replaced by locally manufactured items, a 
more realistic figure is 30 - 35%; 

ii) it is the nature of the motor cycle industry that many 
of the specialised components are manufactured by 
ancillary industries. The collaborators in the 
Philippines programme were able to assist the develop
ment of ancillary industries, to serve all four motor 
cycle manufacturers, on the basis of a combined output 
of 33,000 units per annum. 

A further feature of the situation in the Philippines is that 
an automotive industry had already been established. Thus a 
number of component manufacturers were already in existence who 
were able to serve both automotive and motor cycle industries. At 
present, although Fiat trucks have been assembled in Ethiopia 
for a number of years, there are very few ancillary automotive 
industries. The proposed expansion of AMCE's activities to 
increase both the output and the level of local content, and 
the development of the tractor industry in Ethiopia would, 
together with the manufacture of motor cycles, provide a basis 
for the development and expansion of ancillary industries. 

For the purposes of detailed engineering analysis of motor cycle 
manufacture, the following approach has been adopted: 

i) a single model of general purpose motor cycle forms 
the basis of the analysis, but with allowance made 
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for those different, or additional operations involved 
in the production of a trail bike; 

ii) the assembly of motor cycles is analysed at both the 
SKD level, and with major items such as the engine 
and transmission imported unassembled; 

iii) the comr1oncnts which it is feasible to manufacture 
in the proposed plant are identified and analysed; 

iv) the manufacture of components by existing ancillary 
industries in Ethiopia is analysed; 

v) an assessment is made of the potential for future 
increases in local content with expansion of the demand 
for motor cycles, and the development of ancillary 
industries. 

The analysis is based on a plant capacity of 5,000 units per 
annum on a single shift, operating at 80% capacity (equivalent 
to 19.2 minutes input per worker per motor cycle). The value 
of a complete kit of parts for a motor cycle, CIF Assab, is 
estimated at 1,200 Birr, based on a general purpose motor cycle. 
A trail bike would be more expensive at about 1,350 Birr. This 
compares with an average CIF price of built-up units in 1984 
of just under 1,700 Birr. The reduction in import value takes 
account of the saving by supplying in SKD form, and the potential 
to negotiate a more attractive price for a larger volume of 
imports. 

The estimated CIF import value of components that can be replaced 
by locally manufactured parts is 134.5 Birr or just over 11% 
of the value of the complete kit. The replacement values of 
locally produced items are calculated using local content per
centages applied in the Philippines, but converting from spare 
parts to original equipment values. There is potential for 
increasing the local content of the motor cycle in three ways: 

i) development of ancillary industries in Ethiopia; 

ii) use of 'redundant' production tooling from overseas 
collaborator; 

iii) expansion in demand for motor cycles. 

5.3.1 Motor Cycle Specification 

Annex 11 gives a breakdown of the component parts of a typical 
125 cc general purpose motor cycle. It is not broken down to 
the individual component level (ie. every part, including nuts, 
bolts, washers etc. identified separately). Rather the major 
individual elements are itemised, and groups of minor parts arc 
identified. Some major elemer1ts - the frame and the main 
engine/clutch/transmission assembly are identified as single 
assemblies at this stage, but are analysed in more detail 
subsequently. The specification is presented in this way for 
three reasons: 
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i) unlike the bicycle, the detailed specification of a 
motor cycle varies significantly between different 
manufacturers, particularly in terms of details of 
component design, and the methods of attaching the 
components to the main assembly. The specification 
presented here is based on a 125 cc model produced 
in the Philippines. The breakdown of components is 
disaggregated sufficiently to analyse the process of 
assembly, even though the details of some of the 
operations will vary from model to model; 

ii) in the form presented the component breakdown is, with 
only minor variations, applicable to a trail bike as 
well as a general purpose motor cycle. However, the 
design of many of the individual components will be 
different for the two models including: 

* 

* 

* 

* 

the frame configuration and the suspension 
systems; 

the wheel hubs, since those for a trail bike are 
usually pressed while for other models they are 
cast; 

the wheel sizes; 

the fuel tank, handlebars, saddle and mudguards. 

Some of the fittings, including controls, lights, 
switches etc., will be common, and it should be 
possible to use essentially the same engine/clutch 
transmission assembly, though details of carburation 
and gear ratios will vary and the exhaust systems will 
be different; 

iii) the level of disaggregation of the component breakdown 
is sufficient to focus on those elements for which 
there is potential for developing iocalcontent. 

5.3.2 Assembly Of Motor Cycles From SKD Kits 

Arnex 12 presents an analysis of the proposed organisation of 
motor cycle assembly, including equipment and labour require
ments. The system of assembly is very similar to that proposed 
for bicycle assembly, namely: 

i) incoming kits are checked and put into the component 
store; 

ii) batched sets of parts are despatched on purpose-built 
trolleys to the appropriate sub-assembly or final 
assembly stations; 

iii) the complete motor cycles are checked as they leave 
the final assembly line, packed and put into the 
despatch store. 

The final quality control check is more comprehensive than for 
the bicycle. It will include the adding of engine and trans-
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mission fluids, runr.ing th . .:: en·;ine, a?1d taki..g t:1e motor cycle 
on a short test ride to check operation of clutch, gearbox and 
brakes. It will alsc include a test of all electric systems. To 
avoid damage during assembly the bulbs, lenses and battery arc 
fitted as part of the checking operation. 

Again, the quality control procedures are the same as for the 
bicycle: 

i) imported parts to be to specification agreed with 
supplier; 

ii) visual inspection of parts when unpacking crates and 
delivering items to store. Damaged or reject items 
to be replaced by supplier; 

iii) further identification of reject or damaged items 
during assembly; 

iv) detailed final inspection (defined in Annex 12). 

These procedures will form par~ of the total quality control 
system as locally manufactured p~rts replace some components 
in the imported kit. 

Table 5.10 lists the equipment requ~red solely for assembly of 
motor cycles. As can be seen both the labour content and the 
direct investment in assembly equipment are low. Table 5.11 
details the labour content and estimate of cost elements directly 
associated with the assembly of motor cycles. 

One option to increase local content is to import the kit in 
a more disaggregat~d form and introduce a higher degree of local 
assembly. The main potential for this is in the engine/clutch/ 
transmission assembly which could be imported in component form. 
This would result in only a marginal saving in import cost. The 
additional labour cost would be low - 100 minutes assembly time 
per unit is equivalent to six extra skilled workers at 300 Birr 
per month, a cost of 21,600 Birr per annum or 4.3 Birr/motor 
cycle. The additional investment cost would also be small -
assembly benches, high quality hand tools, and mobile racks -
about 50,000 Birr investment. Given the small cost implications, 
local assembly of the engine/transmission unit would be 
worthwhile in order to develop capability within the industry. 

5.3.3 Manufacture Of Motor Cycle Components In-Factory 

In addition to constraints on local manufacture of motor cycles 
imposed by the low output level, a further consideration is the 
nature of the agreement with the overseas collanorator. The 
collaborator will wish to maintain quality levels, particularly 
for components that are critical to performance or safety, and 
will want to ensure that the local facilities developed for 
component manfuacture meet this criterion. However, given that 
the strategy for d2velopment of local content will be defined 
as part of the collaboration agreement, the collaborator will 
then provide the technical expertise to develop local production 
methods and facilities of a suitable standard. There are two 
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TABLE 5.10: EQUIPMENT REQUIRED FOR ASSEMBLY OF 
MOTOR CYCLES 

Equipment - Estimated Cost 95,000 

Wheel stand 

8 Pneumatic Screwdrivers (with tools) 

Truing Stand 

Tyre Roller 

Tyre Inflator 

Fluid Filling Stand 

4 Complete Tool Sets 

3 Benches 

21 Mobile Racks 

3 Fixed Racks 

Ground Level Track System 
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TABLE 5.11: DIRECTLY ATTRIBUTABLE COSTS OF MOTOR CYCLE 
ASSEMBLY 

Imported Kit CIF Assab 

Import Duty @ 403 

fransport 

Packing Material 

Total Materials Cost 

Labour 

11 Workers 

Equipment For Assembly 

(Depreciated @ 103/Annum) 

·I:•\-

Cost/Motor Cycle 
Birr 

1 • 200 

480 

56.25 

1 5 

1,751.25 

7.02 

1 • 9 

Co'.:>t/Annum 
E3 i r r 

6,000,000 

2,400,00lJ 

281 ,250 

75,000 

8,756,250 

35,100 

9.500 
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other relevant aspects of che cechni~al ~upport from tr2 
collaborator; 

il they can draw on their experience from ventures in 
other developing countries in adapting production 
technologies to suit the much lower level of output 
than in the parent factory; 

iii it is quite possible that they will be able to provide 
'redundant' tooling from the parent factory, at a 
substantially lower investment cost than new tooling, 
for the manufacture of some components. It was stated 
earlier t~at it is undesirable to establish an industry 
based on redundant motor cycle designs, since Ethiopia 
would then not benefit from recent developments in 
efficiency and safety. This remains true as far as 
the overall design and specification of the motor cycle 
is concerned. However, in developed country industries, 
such as Japan, component designs are often changed 
at frequent intervals for styling or marketing reasons, 
rather than because of technical innovations. For such 
components, the use of 'redundant' tooling would be 
quite acceptable in Ethiopia, as long as it is in good 
condition and has a resonable working life. Since it 
is not possible to predict what 'redundant' tooling 
will be available, the analysis is based on the use 
of new production tooling. 

In identifying components for manufacture within the factory, 
the focus is on items which can be made economically at low 
output levels, and which can utilise the same manufacturing 
processes as other products to be made in the plant. 

The components identified for local manufacture are the following 
assemblies; 

* Main Frame 

* Parking Stand 

* Rear Foot Rests 

* Rear Carrier 

* Saddle 

* Individual press formed and tubular components. 

Annex 13 gives detailed information on manufacture of these items 
but the main features are summarised below: 

Assemblies 

The most important assembly is the main frame. One component 
of the frame, the head tube, is quite complex, being of 
stepped diameter, and it is proposed that this should be 
imported. The remainder of the frame consists of tubular 
and pressed parts which are welded together to form the 
complete assembly, prior to painting. The CIF import value 
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of the elerrent of the parts ~it ro be replaced by local 
manufacture of the frame is estimated at 50 Birr. 

Motor cycle frames are made from carbon steel, rather than 
mild steel, tube. To ensure quality it is assumed that this 
mllterial would be imported, not supplied by Kalliti. High 
quality welding is essential in ensuring the strength, 
integrity and safety of the completed frame, and it is 
t rw ref ore p reposed: 

i) to carry out motor cycle frame welding in a 
separate section from other welding operations; 

ii) to test the strength of selected frames from the 
production line on a non-destructive test rig; 

iii) to use magnetic crack detection equipment for 
testing welds on selected frames from the 
pr-oduct.i.on line; 

ivJ to use only skilled welders for this operation, 
and to train them in the procedures for welding 
frames. 

Frame manufacture will use common facilities in the plant 
for: 

i) press forming of components; 

ii) tube cutting and deburring; 

iii) painting. 

At the planned level of output, the bent tubular components 
of the frame can be made using a hydraulic tube bender, 
rather than using more capital-intensive methods. Two 
complete sets of press tools and welding jigs will be needed 
since the frames for the general purpose motor cycle and 
the trail bike are of different specifications. 

Parking stands come in a variety of different designs. A 
simple one consists of two separate legs, each attached 
to a pivot on the motor cycle frame, with a spring to hold 
it in the closed position. The stand can be made using 
facilities in the press forming section to form the 
components of the leg and weld them together. The assembly 
is then painted. A set of press tools is required to form 
the components. Materials for the parking stand can be 
supplied by Kalliti. The estimated CIF import value of the 
parking stand is 7 Birr. 

The two rear footrests each consist of a tube with two 
circular plates welded to it, and a pivot which passes 
through a hole in the tube to attach it to a bracket welded 
on the suspension arm. The assembly is plated. The footrest 
can be manufactured using facilities in the press forming 
and tube manipulation sections, and the pivot in the machin
ing section. Press tools will be required for blanking and 
piercing the plates. Materials can be supplied by Kalliti, 
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except rod for the pivot. The estimated CIP import V3lue 
of the rear footrest (exc:uding the rubbers) is 5 Birr. The 
same footrest design can ~e used on different motor cycle 
models. 

Many different designs of rear carrier are used on motor 
cycles. The basic design is a bent outer frame made from 
mild steel rod, with the ends flattened to form brackets 
for attachment to the motor cycle. Straight lengths of rod 
are welded across the frame and the assembly is plated. The 
carrier can be manufactured using faciliites in the press 
forming section. Press tools will be required for flattening 
and piercing the frame ends. The estimated CIF import value 
of the carrier is 4 Birr. 

The saddle consists of a tubular steel frame, a series of 
bent wire springs welded across it, and a hinge and clip 
for attachment to the main frame. The saddle is upholstered 
with foam covered by an outer layer of vinyl leather. The 
frame, springs, hitch and clip can be made and assembled 
using facilities in the press forming and tube manipulation 
sections, and painted prior to upholstering. Press tools 
will be required to make the hinge and clip. Tube and sheet 
for the saddle can be supplied by Kalliti. A small 
upholstery section is required ,which can also be used for 
work on motor cycle attachments. The foam can be supplied, 
cut to size and shape, by Ethio-Foam. The estimated CIF 
import value of the saddle is 22 Birr. 

Press Formed Components 

The simple press formed components of the motor cycle (i.e. 
those for which the tooling investment is relatively low) 
can be made in the factory: 

* 
* 
* 
* 
* 

footrest clamp 
brake torque arm 
instrument panel box 
battery box 
front and rear number plate brackets. 

All items are painted, except the brake arm which is 
plate~. Press tools will be required for the different 
forming operations, and the battery box is assembled using 
the spot welder. Steel sheet for the various comonents 
can be supplied from Kalliti. The estimated CIF import 
value of these components is 15 Birr. 

Tubular components 

Two tubular components can be made in the factory: 

* 
* 

handlebar 
front footrest 

The handlebar consists of the main bar, and a stretcher 
bar, made from smaller diameter tube, welded to it. The 
assembly is plated. The front footrest is a single length 
of tube, bent to shape and painted. Both components can 
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be made in the tube manipulation section, with th0 handlebar 
welding done in the press forming section. A jig will be 
required for welding the handlebar. A test rig should be 
provided for non-destructive testing of handlebars selected 
from the assembly line after welding. The estimated CIF 
valUL' of these components is <J Birr. 

Summary 

In summary components to a 
can be made in the plant. 
of the facilities required 
following additional items 
in existing sections: 

CIF import value of 112 Birr 
Their manufacture will use many 
for bicycle production, but the 
of equipment will be required 

l mechanical press (to increase the capacity of the 
press forming section) 

1 hydraulic tube bender 

1 tube profiling machine 

Two new manufacturing sections will be needed: motor cycle 
frame wcldi~g, and upholstery. Table 5.12 details the 
direct equipment c.nd tooling requirements for motor cycle 
production. Table 5.13 presents a summary of the direct 
materials, labour and equipment depreciation costs 
associated with motor cycle production. This indicates 
that the local manufacture of these components is worth
while, and demonstrates the benefits of combining bicycle 
and motor cycle production since the Table shows only the 
additional investment for the latter. However production 
of these motor cycle components also uses manufacturing 
facilities required for bicycles. The investment in these 
facilities is used more efficiently when both products arc 
manufactured in the same plant. 

The availability of redundant tooling from the collaborator 
would increase the potential for locally manufactured 
content, particularly for the larger or more complex pressed 
components such as the suspension arm, lamp bodies, fuel 
tank and autolube tank. It would be worth investing in 
the plant to make these items if the tooling was available 
cheaply. 

5.3.4 Component Manufacture by Ancillary Industries 

Table 5.14 lists those components for which it is worth assessing 
the feasibility of local manufacture by existing ancillary 
industries in Ethiopia. The list is broken down by industry 
into: 

tyres and tubes; 
other rubber components; 
plastic components; 
forged components; 
filters; 
battery. 
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TABLE 5.12: M~ ACTURING EQUIPMENT FOR PRODUCTION OF 
MOTUK CYCLE COMPONENTS 

Press Forming Section - Estimated Cost 519,000 Birr 

l Mechanical Press 

{~ 0 Press Tools For F r,Hne [ornponents 

8 µress Tools For P cl r king Stand 

Welding Jig For Parking Stand 

Welding Jig For Footrest 

2 Press Tools For Carrier 

Bending Jig For Carrier 

Welding Jig For Carrier 

6 Press Tools For Saddle 

Wire Bending Jig For Saddle 

20 Press Tools For Press Formed Components 

Handlebar Welding Fixture 

Tube Manipulation Section - Estimated Cost 50,000 Birr 

Profiling Machine 

1 Hydraulic Tube Bender 

Machining SectiGn - Estimated Cost 6,000 Birr 

2 Drill Jigs For Footrest 

Motor Cycle Frame Welding Section - Estimated Cost 120,000 Birr 

4 Welding Sets 

6 Welding Jigs 

Upholstery s~ction - Esllm~ted Cost 8,500 Birr 

Industrial Sewing Mdchine 

Cutting Table 

Set Of Cutting Templates 
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TABLE 5.13: DIRECT ATTRIBUTABLE COSTS OF PRODUCTION OF 
MOTOR CYCLE COMPONENTS 

Materials - Local 

Mild Steel Tube From 11!!:•! 

16.85 Tonne @ 2,500 Birr/Tonne 

Mild Steel Sheet From Kalliti 

44 ronne @ 2,200 Birr/fonne 

Foam From Ethio-Foam 

Materials - Imported 

Carbon Steel Tube 

45 Tonne @ 2,750 Birr/Tonne 

Mild Steel Rod 

3 7 • 5 T on n e @ 1 , 3 7 5 B i r r / T or: .1 e 

Wire 

2.5 Tonne @ 3,00Q Birr/Tonne 

Vinyl Leather Cloth 

Process Materials 

Materials Total 

Labour 

10 Workers 

Equipment 

(Depreciated @ 10%/Annum) 

Cost/Motor Cycle 
Birr 

B.425 

19.36 

3.0 

24.75 

1 • 0 3 

1 • 5 

5.0 

12.52 

75.50 

6.6 

14.07 
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Birr 

1_.2,125 

96,800 

15,000 

123,'150 

5,160 

7,500 

25,lJOO 

61 ,000 

3.5,0DU 

70,350 
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TABLE 5.14: MOTOR CYCLE COMPONENTS CONSIDER~D FOR MANUFACTURE 
BY ANCILLARY INDUSTRIES 

1. Tyres and Tubes 

4015 Rear Inner Tube 
4016 Rear Tyre 
8013 Front Inner Tube 
8014 Front Tyre 

2. Other Ruhber Components 

1003 Front Footrest Rubber 
3008 Rear Footrest Rubber 
2002 Engine Mounting Grommets 
2012 Kick Start Rubber 
2026 Air Cleaner Pipe 
2029 Autolube Pipe 
2(137 Fuel Pipe 

3. Plastic Components 

Injection Mouldings 

2034 fuel Filter Body 
2035 Fuel Filter Cap 
5003 Rear Light Lens 
5007 Indicator Lens 
5011 Headlight Lens 
7004 Hand Grip 
7005 !wist Grio Moulding 
9014 Trim Panel 
6010 Front Mudguard (Trail Bike Only) 
9001 Rear Mudguard (Trail Bike Only) 

Extrusion ~ouldings 

4014 rront Rim Tape 
8012 Hear Rim Tape 
5026 Wiring Loom 

4. Forged Components 

2009 Kick Start Lever 
2015 Gear Change Pedal 

5. Filters 

2016 Air Filter 
2036 Fuel Filter 

Oil Filter (part of 2000 - engine assembly) 

6. B<Jttery 

5023 Battery 

------- ---------------------------------------
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Tyres and tubes 

The Addi~ Tyre Company has the "upstream" facilities for 
making motor cycle tyres and tubes, including the equipment 
for rubber com[>ounding and preparation, ply cutting bead 
making and inner tube manufacturing. The additional equip
ment required would be for the ''downstream" operations of 
tyre construction and moulding, and inner tube moulding. 
An output of 5,000 motor cycles per annum gives a demand 
for 10,000 tyres and tubes. The additional requirement 
for sidecars and pick up/van attachments increases demand 
to about 11,500 of each. 

The present replacement market for tyres and tubes is low, 
given the small stock of motor cycles in the country. 
However, it will expand significantly as the number of motor 
cycles increases. For example, assume that after 5 years 
local production there are 20,000 motor cycles on the road 
and at least 4,000 sidecars and 1,000 pick up/van attach
ments, and that tyres have a 3 year, and tubes a 2 year, 
life (conservative estimates of wear or damage given the 
road conditions). In the sixth year the market demand would 
be: 

original equipment 
replace~ents 

Total 

tyres 

11,500 
18,500 
30,000 

tubes 

11,500 
28,000 
39,500 

It is normal practice for motor cycles to have different 
sizes of tyre front and rear. For the general purpose motor 
cycle it is possible to standardise on a single tyre size, 
and this is already done in some countries. However, it 
is inherent in the design of a trail bike that the front 
tyre is larger in diameter but narrower than the rear. 
The tyres also have a different tread pattern from those 
of a general purpose motor cycle. It will therefore be 
necessary to produce three sizes of tyre and tube to meet 
the requirements for locally manufactured motor cycles and 
attachments. Each size of tyre will require separate 
tooling for construction and moulding. Each size of tube 
will require separate tooling for moulding. 

Motor cycle tyres and tubes will have a low value added 
compared to the large, commercial vehicle tyres and tubes 
which form the major part of Acidis Tyre output at present. 
Therefore it would not be worthwhile to invest in six sets 
of manufacturing equipment (one for each size of tyre and 
tube) at the jnitial demand level of 11,500 units per 
annum. However as the stock increases and the replacement 
market grows, it would be worthwhile to make tyres and tubes 
locally. The capital investment in tooling and equipment 
would be made by Addis Tyre, who would supply both to the 
low cost vehicle industry as original equipment and to tl1e 
replacement market as spare parts. 

The existing technical cooperation agreement between Addis 
Tyre and Yokahama will provide the expertise needed to 
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ensure correct specification ana satisractory quality of 
tyres and tubes, in conjunction with the quality control 
procedures already em[-'loyed by Addis Tyre. 

The estimated saving in Cif value of the imported motor 
cycle kit by making tyres ~nd tubes locally is 40 Birr 
( 3. j ·;,,) . 

Other Rubber Components 

There is only limited capacity at present in Ethiopia to 
make high quality rubber compression moulded components. 
The Addis Tyre Company produces some items using equipment 
that is primarily intended for the preparation of laboratory 
samples. However in the second phase of its agreed 
expansion plan it will establish a rubber moulding section 
to produce components for other industries in Ethiopia. 
When this capacity is available it will be feasible to 
manufacture th2 footrest rubbers, kick-start rubber and 
engine mounting grommets. The range of motor cycles can 
be specified so that these items are identical for the 
different models produced. All of these items are small 
components and are easy to mould, which minimises tooling 
costs. Each motor cycle will use four grommets giving an 
annual requirement of 20,000 units and two each of front 
and rear footrest and kick-start rubbers, or 10,000 each 
per annum. At these levels, local manufacture is worthwhile 
as compression moulding capacity becomes available. The 
case for making the various rubber pipes locally is not 
as strong. No existing local manfacturer of rubber pipe 
has been identified and the quantities required are small. 
Local production would only be worthwhile if the same cross 
sections and specifications of pipe were also required by 
other industries in Ethiopia. 

Plastic Components - Injection Mouldings 

There is substantial underutilised injection moulding 
capacity at Ethic-Plastics and at Ethio Gas and Plastic 
Crates. Thus the capital investment to make injection 
moulded components locally will be in the purchase of 
moulding tools. However the cost of injection moulding tools 
is high, and increases with the size and complexity of the 
component to be made. Of the items listed in the Table: 

i) the fuel filter and cap both require complex 
tooling (to mould the clasp arrangement that holds 
them together); 

ii) the front and rear mudguards require large tools, 
and out~Gt is low because they are used only on 
trail bikes; 

iii) the trim p~nel requires separate, relatively large 
tools for the gene~al purpose motor cycle and 
the trail hike; 

iv) the three lamp lenses require tooling of similar 
complexity, but four indica~or lens are required 
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per motnr cycle so that the output from this tool 
would be higher; 

v) the hand grip and twist grip can be made by slush 
moulding with a relatively simple tool. 

The relevant detllils for the hand and twist grip arc: 

Motcrial: 
Material Cost: 
Material Consumption: 
Moulding Tools: 

Plastisol PVC 
2025 Birr/tonne 
1 tonne/annum 
12,000 birr 

The estimated CIF import value of the grips is 2.5 Birr, 
so local manufacture of these items is well worthwhile. 

The relevant detelils for the indicator lens are: 

Material: 
Material Cost: 
Material Consumption: 
Moulding Tool: 

Acrylic 
3525 Birr/tonne 
2.5 tonne/annum 
80,000 Birr 

The estimated CIF import value of four lenses per motor 
cycle is 6.5 Birr. This suggests that investment in tooling 
for moulding of the indicator lens is worthwhile. However 
it would not be worthwhile for the other lenses because 
the ~ooling cost is spread over a much smaller output of 
components. However moulding of other components would 
be worthwhile if redundant tooling is available from the 
overseas collaborator. 

Plastic Components-Extrusion Moulding 

The rim tapes for all motor cycle wheels can be made in 
the same way as for bicycles. A standard extrusion moulding 
is cut to the appropriate length for different sizes of 
wheel, heat welded and punched to form the valve hole. 
There is underutilised capacity for extrusion moulding at 
Ethio-Plastics so that the major capital investment is in 
the extrusion tool. The relevant data for the production 
of rim tapes at Ethio-Plastics is detailed below: 

Material: 

Material Cost: 
Material Consumption: 
Extrusion Tool: 
Ancillary tooling: 

Thermoplastic 
polyurethane 
3100 Birr/tonne 
1 tonne/annum 
12,000 Birr 
As for bicycle rim tape 

The commercial arrangement for the manufacture of rim tapes 
would be for the low cost vehicle industry to provide the 
necessary tooling for Ethic-Plastics who would s~pply 
complete tapes under contract. 

The estimated CIF value of the tapes is 1.5 Birr. 

The wiring loom of a motor cycle consists of a series of 
lengths of plastic coated copper wire of different lengths, 
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with appropriat~ fittiPgs at the ends. which are bundled 
tcgether .:incl cli1•ped to the motor cycle fr.1me. Individual 
connections to different electrical items arc then made 
during the assembly process. Ethio-Plastics already have 
facilities for drawing copper to different wire diameters, 
for winding, and for extruding the plastic sheathing arounrl 
the wire. It would seem sensible to develop the capacity 
at Ethio-Plastics to make wiring looms, by acquiring the 
downstream facilities to cut the coated wire to length, 
attach fittings and assemble the looms. With this car3city 
Ethic-Plastics could supply the requirements for the AMCE 
truck assembly plant, and the Nazareth tractor assembly 
plant, as well as for motor cycle manufacture. Thus the 
investment would be made by Ethio-Plastics who would then 
supply the various industries. 

The estimated CIF value of the motor cycle wiring loom is 
12 Birr. 

Forged Components 

Table 5.4 lists two forged components which could be made 
at E.M.T.F .. The components can be common to different 
models of motor cycle, but an output of 5,000 units per 
annum is low. However if redundant tooling were available 
from the collaborator, local production would be worthwhile. 

Filters 

A private company in Asmara produces a range of engine 
filters. However the AMCE assembly plant continues to 
import all filters for its trucks and buses. The local 
manufacture of filters is an ancillary industry that would 
be expected to develop as automotive production of all types 
grows in Ethiopia. The decision to use locally manufactured 
filters is one that should be made, once the low cost 
vehicle industry is established, on the following basis: 

il that the local manufacturer is able to provide 

ii) 

Battery 

a regular supply of f iltcrs, of a suitable quality 
at an acccpt.::ible price; 

that the local manufacturer makes any captiol 
investment required. 

The existing battery factory makes only traditional Ebonite 
case batteries. The type used on all motor cycles has ~n 
injection moulded thermoplastic case. This is a quite 
complex moulding and an output of 5,000 units per annum 
is not sufficient to justify the tooling investment. 

Thus initially, the only role of the battery factory could 
be to assemble and fill the batteries, using imported cases, 
plates and chemicals. However as the automotive industry 
develops it is likely that the battery factory will be 
upgraded to make thermoplastic batteries, both for original 



equipment an~ replacement markets. At this stage, motor 
cycle batteries could be included in the product range. 

:-,_.i Manufacture Of Animal Ca_rt, Cycle Trailer, And Motor Cycle 
i\ttClchments 

As discussed eorlier these are technically the simplest products 
to manufacture .:lnd it is not necessary to proceed in phases from 
assembly to loclll production of components. Rather, manufacture 
can commence with a high pro port ion of 1 oca l l y man uf actu red 
components, but with some parts being imported on a continuiny 
basis. The specification of the products has already been 
discussed, but for the purpose of analysis, the following annual 
output of cart wheel/axle assemblies has been assumed: 

2,000 

500 

500 

1,000 

l tonne capacity axles fitted with ,\;;v [meumatic 
tyres; 

1/2 tonne capacity axles fitted with ADV pneumatic 
tyres; 

1/2 tonne capacity axles fitted with motor cycle 
tyres; 

1/2 tonne capacity axles fitted with steel spoked 
wheels. 

Manufacture of the vehicles utilises the following raw materials: 

i ) 

ii) 

87.9 tonne of mild steel tube (made from hot rolled 
strip) in various round and square sections, supplied 
by Kalliti; 

116 tonne of hot rolled mild steel strip, 1n various 
thicknesses, suppliecl by Kalliti; 

iii) foam from Ethio-Foam for upholstery of sidecar seats; 

iv) 77.75 tonne of mild steel black finish bar, imported; 

v) vinyl leathercloth for upholstery of sidecar scats, 
imported. 

A number of components are supplied from local ~ndustries: 

i) leaf springs for the sidecar and motor cycle 
attachments, from Ethic-Springs; 

ii) Bushes for the animal cart wheels, cast by a local 
factury; 

iii) tyres to ADV specification, for the animal carts, 
supplied by Addis Tyre. This assumes that the ADV tyre 
construction technology is trcrnsfcrred to Addis Tyre. 
The alternatives are to use standard motor vehicle 
tyres and tubes from Addis ~yrc or import ADV tyres 
from India; 

iv) tyres and tubes for the cycle trailer from Addis Tyre; 
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vi rim tapes for the cycle trailer, from Ethio-Plastic; 

vi) wooden frames for the sidecar seats, from a local 
privatf' industry; 

vii) it is proposL·cl that, for the two wheeled motor cycle 
attachment, the building of the van and pick-up bodies 
should be clone by an existing private body buildinc1 
industry. The building of the bodies is a much more 
substantial operation for this product than for the 
other vehicles, and the quantities required are small. 

components for the vehicles must be imported; 

i) al l fasteners (nuts, bolts, rivets etc.); 

ii ) pa rt s to build up the cycle trailer wheels; 

iii) parts to build up the sidecar wheels; 

iv) complete wheels and hubs for the pick-up/van 
i1ttachmcnt; 

v) tyres and tubes for the sidecar and pick-up/van 
attachment - at least until the capacity to manufacture 
motor cvcle tyres and tubes is established at Addis 
Tyre. 

The manufacture of the vehicles is described in detail in Annex 
14. It will use existing facilities in the press forming section 
(to make various mounting brackets and plates), the tube 
manipulation section (to cut and form tube for frames, for wheel 
hubs and for the bead of the split rim wheels), and in the 
machining section. There is substantial lathe work required, 
primarily to make axles for animal carts. Wheels for the trailer 
and sidecar will be assembled at the appropriate sub-assembly 
stations defined for bicycle and motor cycle production. The 
cycle trailer can be painted using the common facility (assumed 
to be powder coating but stove enamelling would be equally 
acceptable). However, for reasons defined in the Annex it is 
preferoble for the animal cart components and the sidecar to 
be painted by hand spraying. The sidecar seats will be 
upholstered using the same facilities as for motor cycle saddles. 

One odditional manufacturing section - fabrication and assembly, 
is required for the vehicles. This will have facilities for sheet 
metal cutting, bending and rolling, to mak~ the split rim wheels, 
trailer bodies and sidecar body panels, and for welding to make 
the various frames and split rim wheels. final assembly of the 
vehicles will also be carried out in this section. The equipment 
specified for this section includes a guillotine shearing 
machine. An ancillary use of this machine is to cut sheet into 
strips for press forming. This will be used for those press 
formed components on other products where the amount of material 
used is insufficient to justify it being supplied from Kalliti 
in slit coil form. 

The tooling requirements consist of press tools for the various 
press formed components, and welding jigs for the split rim 



wheel, cycle trailer hitch, and trailer, sidecar and pick-up/van 
attachments. All this tooling can be designed as part of the 
technical assistance proposed to establish manufacture of the 
vehicles, and be made in Ethiopia. 

The quality control requirements for these vehicles arc less 
stringent than for the bicycle and motor cycle. The use of jigs 
ensures dimensional quality and correct alignment. Go-no go 
gauges will be used to check dimensions of turned components. The 
crack testing equipment will be used to check weld quality on 
selected frames from the production line. Finally, all products 
will be subjected to a thorough check after final assembly. 

The manufacture of the vehicles will require twelve direct 
workers. Table 5.15 details the equipment and tooling needed, 
and Table 5.16 gives a summary of the direct attributable 
material, labour and equipment costs. 

TABLE 5.15: EQUIPMENT REQUIRED FOR MANUFACTURE OF CARTS, 
TRAILERS AND MOTOR CYCLE ATTACHMENTS 

Press Forming Section 

1 Blanking Tool (Trailer) 
1 Cropping Tool (Trailer) 
2 Bending Tools (Trailer) 
4 Blanking Tools (Sidecar) 
3 Piercing Tools (Sidecar) 

Tube Manipulation Section 

l Cut-Off Saw 

Machining Section 

l Chuckinq La the 

~i_nting Section 

l lfilnd Spraying Set 

fabrication and Assembly Section 

l Guillotine Shearing Machine 
l Sheet Metal Bending Machine 
1 Sheet Metal Rolling Machine 
3 MIG Welding Sets 
l !land She<lr 
l Port<1ble !Jrill 
1 Hand Hivettcr 

Hi1nd Press 
1 Tyre I nfl a tor 
3 Wheel Welding Jigs (Cart) 
1 Frame Welding Jig (Trailer) 
l Hitch Welding .Jig (Trailer) 

-1 'P-

Birr 

33,000 

5,000 

30,000 

3' 5 0 () 

170,500 
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l Frame Welding Jig (Sidecar) 
l Suspensicn Arm Welding Jig (Sidecarl 
l Frame Welding Jig (Pick-up/Van) 
4 Sets Hand Tools 
4 Sets Guillotine Templates 
4 Benches 
Plus mobile racks to feed components 
lrom store to assembly 

Toto 1 242,000 

'I'.1ULE 5. 16: DIRECT ATTRIBUTABLE COSTS OF MANUFACTURF OF CARTS, 
TRAILERS AND MOTOR CYCLE ATTACHMENTS 

Materials 

Tube From Kalliti 87.9 Tonne 
@ 2,300 Birr/Tonne 

Sheet From Kalliti 116 Tonne 
@ 2,000 Birr/Tonne 

Imported Steel Bar 73.5 Tonne 
@ 1,375 Birr/Tonne 

Imported Leather Cloth 
Imported Fasteners 
Imported Wheels and Tyres 
Locally Made Tyres 
Locally Made Bushes 
Locally Made Leaf Springs 
Local Body Building 
Other Locally Supplied Items 
Process Ma~crials 

L<1bour 

12 Workers 

Equipment 

(Depreciated at 10%) 
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Cost/Annum 
Birr 

202,230 

232,000 

101,065 
10,000 
39,750 

240,000 
345,000 

80,000 
90,000 

125,000 
17,000 
34,750 

1,516,795 

J<J,600 

24,200 
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6. PROPOSED LOW COST VEHICLES PLANT 

6.1 Summary Of Proposed Plant 

This Chapter reviews relevant aspects of the proposed Low Cost 
Vehicles Industry with an annual capacity, on a one shift basis 
of: 

12,500 
5,000 
4,000 
1,000 
1,000 

250 

Bi.:;ycles 
Motor Cycles 
Animal Carts 
Cycle Trailers 
Motor Cycle Sidecars 
Pick-up/Van Attachments for Motor Cycles 

Although it is unusual to manufacture this range of vehicle 
products in a single plant, it has certain benefits in Ethiopia. 
Given the relatively low output levels proposed based on the 
demand survey, the use of common manufacturing facilities to 
produce components for different types of vehicle allows higher 
capacity uti 1 isation of capita 1 equipment, and greater over a 11 
efficiency. This is true for operations which use an integrated 
set of processing eq;1ipment ( eg. plating and painting). However, 
it is also true for processes where several similar items of 
equipment are specified (eg. press forming and machining}, since 
it allows the plant specification to be better matched to 
production requirements, and makes more efficient use of indirect 
labour (eg. for tool setting and material handling}. 

As has been discussed earlier, there are problems in making 
precise estima~es of demand for vehicles which are to a large 
extent new to Ethiopia. It is therefore important that the plant 
has flexibility to respond to changes in demand, and to expand 
output as demand develops ove~ a period of time. The use of 
production facilities common ~o several different products, and 
of largely standard, general purpose manufacturing equipment, 
provides the flexibility to alter the mix of output of different 
products, and to introduce new adaptation or types of low cost 
vehicle which use similar facilities. The technology proposed 
for the plant allows increase of production by incremental stages 
since the facilities in a particular section can be expanded 
stage by stage as capacity limits are reached. It should also 
be noted that since the analysis is based on single shift 
production, output can be nearly doubled by introducing two shift 
working. However, it is prudent to allow for future expansion 
of the plant by locating it on a site larger than is needed to 
meet initial requirements. The manfacturing technologies 
identified as appropriate for the plant are such that they will 
remain efficient (ie. the method of making a particular component 
will not change) for substantial increases in output beyond that 
proposed initially. The introduction of new processes as output 
increasrs will be: 

i' to increase the local content of bicycles and motor 
cycles; 

ii) to extend the product range by introducing additional 
types of low cost vehicle. 

- l '~<)-



It should be noted that, although much of the machinery is 
general purpose manufacturing equipment rather than special 
purpose plant, production efficiency can be achieved at the 
levels of output proposed by producing components in substantial 
batches. A machine is set to make a particular component, pro
duc0s a batch of these, and is then reset for another component. 

As discussed in Chariter 3 there is potential for expansion of 
the range of products manufactured by the plant, as the market 
for low cost vehicles develops. This expansion in the product 
range could include: 

* 

* 

* 

* 

* 

* 

Additional models of bicycle; 

Additional models of motor cycle; 

Additional low cost motor vehicles; 

New adaptations of bicycles for load carrying; 

Wheel/axle assemblies and other steel parts for wheelbarrows 
and handcarts; 

Single-axle tractors and trailers. 

Although many of the manufacturing operations are common to 
different vehicles, where certain types of equipment are only 
used by one product, where a product has specific quality control 
requirements, and for final assembly, it is preferable to 
separate activities by product. The various production sections 
of the plant therefore fall into two categories: 

i ) those defined by process for manufacturing operations 
which are conunon to different products: 

Press forming; 
Tube Manipulation; 
Machining; 
Upholstery; 
Paintir.g; 
Plating; 

ii) those defined by product for those processes which 
are specific to a particular product, or where 
separation is necessary to ensure product quality: 

Bicycle Frame and Fork Assembly; 
Motor Cycle Frame Welding; 
Bicycle Final Assembly; 
Mntnr ryc1e Final Assembly; 
Fabrication and Assembly (for carts, trailers 

and motor cycle attachments). 

In addition to these production sections, the factory will also 
require storage areas: 

Raw Materials: For storage prior to processing 
through the various manufacturing 
operations; 

-140-

I 

I 
I 
I 
I 
I 

I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 
I 
• 



* 

I 
I * 

I * 

Components: 

Despatch: 

Process 
Materials: 

For storage of local and imported 
bought-in components, and in-plant 
manufactured components, prior 
to final assembly; 

For storage of completd products 
prior to despatch; 

For storage of chemicals, paints 
etc. which require secure storage. 

I Two service sections will also be required: 

I 
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* Tool Room: 

* Quality Control 
and Laboratory: 

For plant maintenance, and for 
production and repair of tooling, 
jigs and fixtures; 

Although many of the quality control 
procedures are carried out in the 
manufacturing and assembly sections, 
a separate area is required for carrying 
out standard tests on selected items 
from the production line or delivered 
components. The laboratory is needed 
for control and monitoring of the 
plating plant. 

Table 6.1 gives a summary of the operations of the proposed 
plant, detailing the major items of equipment for each section, 
the utilisation of equipment for the manufacture of different 
products, and the direct labour requirements. It should be noted 
that the machine utilisation times include an allowance, where 
appropriate, for tool setting time between component batches. The 
direct labour requirements are d~termined by analysing the 
numbers of bicycles to be produced, and then the additional 
labour nleded for manufacture of motor cycles and other 
products .The Table illustrates clearly the common use of 
facilities in the various sections for manufacture of the 
different products. The total direct labour requirement is 79 
workers. 

6.2 Ancillary Industries 

The proposed low cost vehicles plant will make cubstantial use 
of exsiting industries in Ethiopia in three ways: 

1. 

i) as suppliers of raw material; 

ii) as suppliers of components and sub-assemblies; 

Based on a 2,000 hour working year and operating at 80% 
efficiency, the maximum output per machine or per worker 
is 1,600 hours per annum. 
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TABLE 6.1: SUMMAHY OF rru Ca>T VEHICLE PiJ\NI' OPERATIONS I 
~Bnuf3cturing Section M:lchine Utilisation and Number of Workers I 
and Major Items of 

I Equiixncnt 
Bicycle Motor Cycle Other Prcxlucts 

Hours/ No. Of Hours/ No. Of !lours/ No. Of I Annum Workers Annum Workers Annwn horkcrs 

Press Fonning Section I 
6 Mechanical Presses 5, 730 4 1,475 1 60 I 1 Wire Straightener 295) 
2 MIG Welders 1,980) 170) , 
1 Pedestal Drill 750) 3 475) 

11 1 Pedestal Grinder 975) ) 1 
1 S[X)t Welder 105) 45) 
l Wire Bender 300) I 

I\ 'rube Manipulation Section 

1 Tube Cutting Latre 590) 250) 300) I 1 Deburring M:lchine 520) 1 210) 255) 
l Slotting Mahine 80) ) l ) 1 
I Profiling M:lchine 2SO) ) 

I l Tube Bender 420) :zso) 
~ Cut Off Saw 40) 

r-tichining Section I 
l Caps tan iii. the 1,565 l 
3 Chucking Lathes 2,085) 60 2,000) I 1 Milling Machine 160) 2 ) 2 
1 Ccntreless Grinder 420) ) 
1 Pedestal Drill 870) 120 175) 

I 1 Tapping Machine 280) l 
1 Chainwhecl Roller 105) 

Upholstery Section I 
Minor Equipnent 1, 250 1 2SO 

Bicycle f'ranE and I Fork Assembly Section 

Fr~/Fork f\ssanbly and I Finishing Equipncnt 3,420 3 

Brazing and Dcbrassing I Equirtrent 2,225 2 

I 



• 
I 

TABLE 6. l : Cuntinued 

I 
I 

~tlnuf acturing Section Machine Utilisation and Number of Workers 
and Major Items of 
Equipnent 

Bicycle l'btor Cycle other Prcx:lucts 

I Hours/ No. Of Hours/ No. Of Hours/ No. Of 
Annum Workers Annum Workers Annum ~rkers 

I 
llot>tor Cycle Fraire 

I 
Welding Section 

4 MIG Y.elders 5,850 4 

I Fabrication and 
Asseui>ly Sectioo 

I 
1 Guillotine Shear 105 1,215) 
1 Sheet Metal Bender 1,125) 3 
l Sheet Metal Roll 450) 

I 
3 MIG v.e lders 4,625 3 
Assembly F.quipcrent 2,245 2 

Painting Section 

I I Complete Painting Plant 3 1 
1 Hand Spraying Set 1,500 1 

I Plating Section 

I 
1 Complete Plating Plant 3 
3 Polishing Lathes 4,200 3 1,000 

Bicycle Final Asseri>ly 

I Section 

3 Sub Assembly Statior.s 9. 065 7 320 

I 
Final Assembly Line 9,800 7 

llot>tor Cycle Final 

I 
Assenbly Sectioo 

1 Sub Assembly Station ] , 500 1 160 
Engine/rransmission 

I A...ssanbly 8,500 6 
Final Assembly Line 14,500 10 

I 
I 



iii) as manufacturers of components supplying the plant 
and other markets in Ethiopia. 

Supply Of Raw Materials 

The main supplier of raw m<1terials \Jill be Kalliti Steel 
[ndustries. Detailed below is a summary of the consumption 
of tube and sheet from Kalliti by the proposed industry: 

Tonne/Annum Birr 

Welded Tube 
(from cold rolled strip) 71. 8 5 179,625 

Ivel ded Tube 
(from hot rolled strip) 87.9 202,230 

Cold Rolled Sheet 83.5 185,100 

Hot Rolled Sheet 166.0 232,000 

Total 359.25 798,955 

In addition, the bicycle chainwhcels to be made by EMTF 
for the plant, will use a further 11.75 tonne of cold ro~ 'ed 
sheet, value 25,850 Birr. 

Ethio-Foam . ill supply foam ~~oducts for upholstery to the 
value of 21,000 Birr/annum. 

Supply Of Components And Sub-Assemblies 

The following industries will be used to supply compor nts 
<1nd sub-ass0m~lies under contract to the plant: 

Ethio Plastics 

EMTF 

Ethio Spr~ngs 

Output/Annum 

12,500 Pair Bicycle Hand
grips 

27,000 Bicycle Rim Tapes 
5,000 Pair Motor Cycle 

Hand And Twist Grips 
20,000 Motor Cycle Indicator 

Lenses 
10,000 Motor Cycle Rim Tapes 

12,500 Pressed Bicycle 
Chainwheels 

12,500 Pair Forged Bicycle 
Cranks 

Heat Treatment Of Bicyclu 
Cc,mponents 

1,500 Leaf Springs 

Value 
(Birr) 

38,500 

12,500 

32,500 
7,500 

50,000 

12,500 

90,000 
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Other Priv.:1te 
[ndustries 16,000 Castings for Rushes 

1,000 Wooden Scat Frames 
250 Pick-Up/Van Bodies 

Bicycle Carriers and 
P,1rking Stands 

80,000 
10,000 

125,000 

37, 500 

'!'Otd l 496,000 

Manufacture Of Components For The Ethiopian Market 

The establishment of the low cost vehicles plant will 
generate the demand to justify the manufacture of bicycle 
and ADV tyres and tubes by Addis Tyre, to supply the 
original equipment requirement of the plant, and the spare 
p~rts market. The demand from the plant will be as follows: 

Per/Annum 

25,000 Bicycle Tyres and Tubes 
2,000 Trailer Tyres and Tubes 
5,000 ADV Tyres and Tubes 

Total 

Birr/Annum 

300,000 
20,000 

325,00C 

645,000 

As the market for the motor cycles and attachments develops, 
it will also become worthwhile for Addis Tyre to produce 
tyres and tubes for them. 

The manufacture of motor cycles provides the incentive for 
Ethic-Plastics to exploit its existing wire drawing and 
plastic extrusion facilities to make complete wiring looms 
for local vehicle industries. The demand from the low cost 
vehicles plant will be for 5,000 looms per unnum, with a 
vuluc of 60,000 Birr. 

In summary, the low cost vehicles plant will consume about 370 
tonnes/annum of locally produced steel sections, and a total 
value of locally supplied materials, components and sub
ossemblies of just over two million Birr/annum. 

As the low cost vehicle industry develops, utilisation of local 
industries should increase as a result of expansion of 
production, greater local content, and development of component 
industries serving all automotive plants in the country. 

6.3 Implementation Scherl~le 

There are two alternative approaches to the establishment of 
the plant: 

i) introduce the products in phases, cg.: 

Phase 1: Establish assembly and local manufacture 
of bicycles; 
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Phase 2: 

Pha:>e 3: 

Establish assembly and local manufacture 
of motor cycles; 

Establish local manufacture of other 
products. 

This approach would minimise the management µroblcms 
involved in setting up and running the plant, and allow 
skills in the production of the various vehicles, the 
oper·ation of the plant and the technology of low cost 
vehicles to be developed over a µeriod of time. 
However, it is desirable that the phasing should not 
he extended over a longer period than necessary, since 
certain facilities will be used inefficiently until 
th:: pLrnt reaches ful 1 production; 

ii) introduce the whole range of vehicles as quickly as 
µossible, and then increase the local content over 
a period of time. 

The second option is co~sidered to be preferable for the 
following reasons: 

i) as is discussed in Chapter 3, a major objective behind 
the proposed plant is to create demand for vehicles 
which are appropriate to conditions in Ethiopia, and 
can make a signficant contribution to improving trans
portation facilities to promote economic and social 
development. While the foreign exchange savings from 
maximising local content are clearly an important 
benefit, they are in a sense secondary to the benefit 
from making low cost vehicles more widely and easily 
available than at present. It is therefore sensible 
to establish, as quickly as possible, the facilities 
to assemble the two major vehicles (bicycles and motor 
cycles) and produce other products, then subsequently 
increase local content. This will also accelerate the 
process of developing the demand for low cost vehicles 
in the country as people become familiar with their 
uses and benefits; 

ii) it allows a period of time for plant personnel to 
become familiar with the technology of the whole range 
of low cost vehicles, prior to embarking upon the~ 
introduction of the more complex manufact~ring 
processes. 

The recommended schedule for the establishment of production 
of low cost vehicles is therefore as follows: 

Year 1 Assembly of bicycles and motor cycles from imported 
SKD kits; 

Manufacture of cycle trailers, cart wheel/~xlc 
assemblies and motor cycle attachments; 

Supply of bicycle and ADV tyres and tubes from Addis 
Tyre, ~nd plastic moulded bicycle and motor cycle 
components from Ethic-Plastics; 
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Year 3 

Assembly of motor cycle engines and transmissions. 

Manufacture of bicycle frames and front forks; 

Manufacture of motor cycle frames; 

Manufacture of motor cycle wiring looms by 
Ethio-Plastics; 

Manufacture of plated and machined components for 
bicycles; 

Manufacture of other motor cycle assemblies and 
components. 

At the end of this period there will be sufficient original 
equipment and spare parts demand for Addis Tyre to initiate local 
production of motor cycle tyres and tubes. 

Chapter 5 and its Annexes provide the base data to analyse the 
financial implications of this and alternative scenarios for 
phasing the development of the production activities of the 
plant. However, based on the above schedule, manufacturing 
facilities will be required as follows: 

Year 1 

Year 2 

Year 3 

Year 4 

Bicycle final assembly section 
Motor cycle final assembly section 
Component store 
Despatch store 

Fabrication and assembly section 
Tube manipulation section 
Upholstery section 
1 Mechanical press in press forming section 
2 Chucking lathes and 1 pedestal drill in 

machining section 
Hand spraying facilities in painting section 
Motor cycle engine and transmission 
assembly area 
Raw materials store 
Quality control section 
Tool room 

Bicycle frame and fork assembly section 
Motor cycle frame welding section 
Remainder of press forming section 
Painting plant 
Process materials store 

Remainder of machining section 
Plating section 

6.4 Physical Facilities 

Plant Location 

The proposed plant will require normal light industry 
services - electricity and water supply, drainage, etc. -
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but has no special requirement for services. Unlike some 
process industries it will not consume very large amounts 
of electricity or require large volumes of water. Therefore, 
in respect of service requirements, the choice of location 
is quite free. Discounting political considerations such 
as a desire to decentralise industry, the major factors 
in the choice of plant location arc labour supply and 
transportation. 

The plant will have a labour requirement, including 
ancilliary, administration and manayement staff, of about 
140 people. This includes skilled production workers and 
qualified supervisory and management staff. It is desirable 
in cost terms that the plant is located in or near a~ urban 
centre with a suitable labour sup[>ly, rather than having 
to construct housing for workers or to provide transport 
to bring them to and from the plant. 

Locally supplied inputs will have to be transported to the 
plant from Addis Ababa, and imported inputs from a port .. 
Given the current disadvantages of locating a plant in the 
Asmara area and using its port facilities, imported inputs 
will be supplied through Assab or Djibouti. This suggests 
that the plant should be located within an area convenient 
for the road and railway links between Addis Ababa and tQese 
ports. In ot~er words, in the area between Addis Ababa and 
Dire Dawa. The proposed plant is intended to create and 
meet a demand for low cost vehicles in rural and urban areas 
of Ethiopia. Though the export of vehicles is a possibility, 
it is a secondary consideration to local demand. In order 
to create and meet this demand, it is very important that 
the plant has a distribution system that allows it to reach 
and deliver to all parts of the country. This argues for. 
a central location, to minimise distribution costs, with 
good access to the main road network. 

These considerations suggest that the most appropriate , 
location for the plant is somewhere along the Addis Ababq 
- Nazareth corridor. Location in .this area would also 
facilitate communications with the various suppliers based 
in Addis Ababa, and the Purchasing Department of the 
National Metal Works Corporation who will be responsible 
for the procurement of imported components and materials. 
The three most likely locations for the plant (not in order 
of preference) are: 

* 

* 

* 

On the southern side of Addis Ababa, perhaps near 
Kalliti Steel Industries, which will be the main local 
supplier and is adjacent to the highway to Assab; 

In Nazareth, which is a developing industrial centre 
and h1s good access to the road network; 

At Wodji, which is located at a major junction of the 
main road network. 
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Site 

The site should be located on reasonably flat land and 
provide good access for heavy vehicles, delivering inputs 
and distributing finished products, to the public highway. 
Sites that will have difficult water drainage problems 
should be avoided since the provision of suitable drainage 
facilities wil 1 increase the cost of establishing the 
plant. Similarly, to minimise costs, the site should be 
conveniently located for connection to the electricity 
distribuLion system, and for the provision of water supply. 

The size of the plant, and therefore of the site, is 
conditioned primarily by storage requirements. Three main 
storage areas will be required - raw materials, components 
and despatch: 

i ) for raw materials it is prudent to allow for 
storage of up to one years supply of imported 
items, and three months supply of local items. It 
is also important to separate different sizes 
and specrfications of raw materials for con
venience of distribution to the manufacturing 
sections. Based on these considerations, the 
e~timated floor area required for storage is 250 
m ; 

ii) as is discussed in Section 6.6 the proposed flow 
of materials is from the raw materials store, 
through the manufacturing sections to the com
ponents store. There the made-in components are 
batched with imported and locally supplied parts 
for issue to the assembly sections. It is 
desirable to keep the volume of made-in parts 
held in the components store to a minimum. 
However, to ensure continuity of production, much 
larger stocks of imported kits of parts must be 
held. It is assumed that provision must be made 
for holding up to six months supply of imported 
kits, but that most of this can be stored in 
crates in a secure open area outside the main 
building. Thus the space required for the com
ponents store is estimated on the basis of holding 
one month's stock of all finished components 
within the building. Sufficient space must also 
be allowed in this area for gangways, and and 
for batching components on mobile racks prior 
to iszue to the assembly sections. On this basis 
900 m floor area is required for components 
storage; 

iii) finished product storage requirements are 
calculated on the basis of holding two months' 
stock of all vehicles. To minimise space 
requirements, the bulky items such as trailers 
and sidecars are stored with wheels removed. 
Estimated floor area required is 1,200 m2. 
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The estimated floor area required for the component manu
facturing sections - press forming, tube manipulation, 
machining, upholstery, bicycle frame and fo~k assembly, 
m9tor cycle frame welding, painting and plating, is 700 
m . for the assembly sections - fabrication and ~ssembly, 
bicycle assemhly and motor cycle assembly, JOO m~ is 
required. In u.cldition, p1-ovisior. must be made for u. tool 
room u.nd quality

2
control section. It is therefore sensible 

to al~ow 1,200 m for the production floor area. Allowing 
300 m· for an office block, the total building area rcquirPd 
ls: 

Production l, 200 2 m 

Storage 2, 3 5 0 
2 

m 

Administration 300 
2 m 

Total 3,850 
2 m 

The total site area must allow for roadways, and for ~ 
external storage of crated kits (estimated at 1,000 m~). It 
is also prudent to select a site which provides space for 
the expa2sion of manufacturing facilities. A site area of 
10,000 m is recommended. 

Plant Layout 

The recommended plant layout is based on the flow of 
materials from the raw materials store, through the manu
facturing sections, into the components store as finished 
components, then through assembly areas to the despatch 
store. Thus the raw materials store should be located at 
one end of the factory building, the components store 
ce~trally, and the despatch store at the other end. Supplies 
will be either to the raw materials store or the components 
store. The component manufacturing sections will be located 
between the raw materials and components stores: 

i) the press forming, machining, tube manipulation 
and fabrication areas should be located adjacent 
to the raw materials store. These sections all 
use materials in bulk direct from the store, which 
can be supplied by overhead crane. The same crane 
can be used to unload and move to the store 
incoming raw materials. for movement of part
finished components through subsequent operations, 
floor transport - trolleys, pallet trucks and 
fork lift trucks - can be used. The above implies 
that, in terms of physical layout, the fabrication 
and assembly section should be separated into 
ti,..;o pcirts: 

* 

* 

Fahrication area adjacent to raw materials 
store; 

Assembly area between components and despatch 
stores; 
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ii) ~n genetal, it is not necessaLy to separate 
different sections by partition walls, and indeed 
this is undesirable since it inhibits supervision 
and the flow of materials between sections. 
However, some form of physica 1 separation is 
required for the following: 

Painting 

Plating and 
Brazing 

Motor Cycle 
Frame Welding 

To prevent dust etc., from other 
sections affecting the quality 
of the paint finish; 

To prevent heat and fumes from 
adversely affecting working 
conditions in other areas; 

Because of the particular quality 
requirements in this section. 

iii) the painting, plating and brazing facilities are 
best located adjacent to outside walls since they 
will require extraction systems. 

The assembly sections for bicycles, motor cycles and other 
products should be physically separate but need not be 
partitioned. The motor cycle assembly section should have 
access to the outside of the building so that the vehicles 
can be filled with fluids and road tested on the site. 

The plant will require electricity distribution to all 
sections, compressed air s~pply to assembly areas, and water 
supply to the plating section. Good access from outside 
the building will be needed to the three stores, and 
gangways should be clearly delineated to allow free flow 
of materials and components. 

6.5 Equipment 

Equipment requirements are discussed under three headings -
production machinery and tooling, quality control and tool room, 
storage and material handling. 

Production Machinery a1:d Tooling 

Table 6.2 lists the items of manufacturing equipment 
required for the production of the range of low-cost 
vehicles. The Table gives estimated costs for each item 
of equipment. However, it should be noted that these are 
estimates based on knowledge of world prices, used in order 
to give an overall estimate of capital investment cost. 
Quotations should be obtained from potential suppliers prior 
to completion of the feasibility study. The Table also 
indicates sources of supply for the different items of 
equipment. They fall into three categories: 

i) general-purpose manufacturing equipment which 
is available from a number of suppliers in 
different countries. Such equipment is best 
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TABLE 6.2: MANUFACTURING EQUIPMENT REQUIREMENTS 

Machine 

Press Forming Section 

6 Mechanical Crank Presses, 
Electrically Driven: 

1 75 Tonne Capacity 
1 60 Tonne Capacity 
2 40 fonne Capacity 

30 Tonne Capacity 
15 Tonne Capacity 

2 MIG Welding Sets 

Pedestal Drill, 30 mm Capacity 

Double Ended Pedestal Grinder 
300 x 30 mm Wheels 

Spot Welder, 5 mm 
Thickness Capacity 

Wire Straightening and Cutting 
Machine, Capacity 5 mm Wide 

Wire Bending Machine 

Sub Total Press Forming 

Tube Manipulation Section 

Tube Cutting Lathe 
Capacity 50 mm Tube 

Deburring Machine 

Slotting Machine 

Tube Profiling Machine 

Hydraulic Tube Bender 
Capacity 50 mm x 2 mm Tube 

Cut Off Saw, Capacity 50 mm Dia. 

Sub Total Tube Manipulation 

Machining Section 

Estimated 
Cost 

(Birr) 

50,000 
45,000 
80,000 
35,000 
25,000 

7,000 

7,000 

3,500 

l0,000 

9,000 

6,CJOO 

277,500 

30,000 

7,500 

5,000 

10,000 

40,000 

5,000 

9?,500 

Capstan Lathe 40,QOO 
200 mm Swing, 1 m Bed Length 

3 Chucking Lathes, All 200 mm Swing 100,0JO 
1 1 m Bed Length 
1 1 .5 m Bed Length 
1 2.0 m Bed Length 

Small Horizontal Milling Machine 

Centreless Grinder 

Pedestal Drill, 25 mm Capacity 

1 Tapping Machine 

25,000 

25,000 

6,500 

15,000 

Source of 
Supply 

General Purpose 
General Purpose 
General Purpose 
General Purpose 
General Purpose 

General Purpcse 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

Matar Cycle 
Collaborator 

General Purpose 

General Purpose 

Bicycle Collaborator 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

Bicycle Collaborator 
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TABLE 6.2: Continued 

Machine 

Mar: h in in CJ ~;, • c t, i ll n Cont. in u c d 

1 Chdinwheel Rolling M~~hine 

Sub Total Machining 

Upholstery Section 

Industrial Sewing Machine 

Cutting Table 

Sub Total Upholstery 

Bicycle Frame and Fork 
Assembly Section 

Pedestal Drill, 30 mm Capacity 

Special Purpose 1apping Machine 

Gas Welding Set 

Electrically Heated Dip Brazing 
Furnace (Frame) 

Electrically Heated Dip Brazing 
Furnace (Fork) 

Electrolytic Debrassing Tank 

Hand Brazing Set 

Bench 

Vi:e 

Portable Drill 

Sub Total Bicycle Frame and Fork 
Assembly 

Motor Cycle Frame Welding Section 

4 MIG Welding Sets 

Fabrication and Assembly Section 

Electrically Driven Guillotine 
Shearing Machine, Capacity 5 mm 

Sheet Metal Bender, Capacity 3 mm 

Electrically Driven Sheet Metal 
Roll, Capacity 6 mm 

3 MIG Welding Sets 

Hand Shear 

Portable Drill 

Hand Rivetter 

Hand Press 

- I 'i I -

E~timated 

Cost 
(Birr) 

7,500 

219,000 

5,000 

2,500 

7,500 

7,000 

30,000 

2,5nn 

30,000 

25,000 

1 5, oon 
2,500 

2,000 

1 , ODO 

1 '500 

116,500 

20,000 

50,000 

15,000 

L~O, DOD 

10,500 

1 '500 

1 '500 

1 '000 

3,000 

... 
Source of 
Supply 

Aicycle Collaborator 

General Purpose 

Local 

General Purpose 

Bicycle Collaborator 

General Purpose 

Best Obtained 
Through 
Bicycle Collaborator 

Genercil Purpose 

Local 

General Purpose 

General Purpose 

Generi11 Purpose 

General f.Jurpose 

General Purpose 

General f.Jurpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General Purpose 



f~BLE 6.2: Continued 

Machine 

F~brication and Assembly 
Section Continued 

!1 B enc:-ies 

15 Mobile Racks 

Estimated 
Cost 

(Bi_rr) 

7,0UO 

17,500 

Sub Total Fabrication and Assembly 147,00U 

Painting Section 

Complete Powder Coating System 100,000 
Throughput 25,000 Units/Annum 
Consisting Of; 
- Shot blasting booth 
- Electrostatic spraying 
- Low bake and continuous 

drying oven 

Hand Spraying Set 3,500 

Sub Total Painting Section 103,500 

Plating Section 

Complete Nickel and Chromium 100,000 
Plating Plant, Capacity 25,000 
Sets Of Components/Annum, 
Consisting Of; 
- Pl3ting rectifiers 
- Immersion heaters 
- Bright nickel plating tank 
- Filter press 
- Air agitation equipment 
- Dull nickel plating tank 
- Chromium plating tank 
- Rinsing tank 
- Swilling tanks 

3 Double Ended Polishing Lathes 18,000 

Sub Total Plating Section 

Bicycle Final Assembly Section 

2 Hand Presses 

S Vices 

Wheel stand 

Truing Stand 

Tyre Roller 

Tyre Inflator 

6 BEnches 

27 Mobile Racks 

4 Fixed Racks 

3 Bike Stands 

118,000 

6,000 

5,000 

2,GOO 

3,000 

2,000 

2,000 

10,000 

35,000 

4,000 

2,500 

Source Of 
Supply 

Local 

Local 

General Purpose 

General Purpose 

Best Obtained 
Through Bicycle 
Collaborator 

General Purpose 

General Purpose 

General Purpose 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Local 

Local 

Local 

Local 
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TABLE 5.2: Continued 

Machine 

t3icycle Final c\ssembly Section 
::on ti nued 

1 Ground Level Trdck 

Sub Total Bicycle Final Assembly 

Motor [):'.Cle Final Assembl.):'. 

Wheel stand 

Truing Stand 

Tyre Roller 

Tyre Inflator 

Fluid Filling Stand 

9 Benches 

33 Mobile Racks 

3 Fixed Racks 

Ground Level Track 

Sub Total Motor Cycle Final 
Assembly 

Total Egui£2ment Cost 

- I 'i'I--

Estimated 
Cost 

(Birr) 

15,000 

86,500 

3,000 

5,000 

3,000 

2,000 

10,000 

24,000 

50,000 

3,000 

20,000 

120,000 

1,313,000 

Source Of 
Sup;:iy 

Local 

Motor Cycle 
Collaborator 

Motor Cyr le 
CollabcHator 

Motor Cycle 
Collaborator 

Motor Cycle 
Collaborator 

Local 

Local 

Local 

Local 

Local 

' 



purchased by competitive bidding to obcain 
suitable machinery at the lowest price; 

ii) special-purpose machinery for the production of 
bicycles and motor cycles, which will be obtained 
through the overseas collaborator for these 
products. This includes those items which will 
be made by, or to the order of, the collaborators, 
and those machines which, even if they are 
available from other suppliers are best obtained 
through, and with the technical advice of, the 
co 1 L1bora tor; 

iii) items which can be made or obtained locally in 
Ethiopia. 

The total investment cost for the product.ion machinery is 
estimated at 1,313,000 Birr. This is broken down as follows: 

General Purpose 
Bicycle Collaborator 
Motor Cycle Collaborator 
Local 

857,000 Birr 
236,500 Birr 

19,000 Birr 
200,500 Birr 

Table 6.3 lists the production tooling requirements for 
the different vehicles. The ~rices are estimated on the 
same basis as for machinery. The main sources of supply 
of tooling for the bicycle and motor cycle are the overseas 
collaborators (note that prices are based on new, not 
redundant, tooling from these sources). However, some items 
are general purpose, and some can be made lccally. For the 
other products it is assumed that the jigs and fixtures 
will be made locally, to the designs prepared as part of 
the technical assistance. The total cost of production 
tooling is estimated at 1,108,500 Birr, broken down as 
follows: 

Collaborator Genera 1 Local Total 
Purpose 

Bicycle 277,500 13,500 291,000 
Motor Cycle 563,000 25,000 7,000 595,000 
Other Products 4,000 52,500 56,500 
Tooljng for 
Sub-contractors 139,000 3,000 24,000 166,000 

Total 979,500 45,500 83,500 1,108,500 

Quality Control and Tool Room 

Table 6.4 lists the quality control and tool room equipment 
propcsed for the industry. Most of the quality control 
equipment is referred to in the technical discussions in 
Chapter 5. However, in addition to t:.he various gauges and 
test r iys, a set of measuring equipinent is a 1 so included. 
the gauges and test rigs will be obtained through the 
bicycle and motor cycle collaborators. Other items are 
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TABLE 6.3: TOULI~G HEOUIREMENTS 

Tooling 

fl i c ..ZEJ i:. 
58 Press Tools For Frame and Fork 

43 Pres5 Tools For Lither Pressed 
Parts 

Chainstay Welding Fixture 

Seatstay Welding Fixture 

t~ D r i l l J i g s 

Milling Jig 

3 Frame Assembly Fixtures 

Fork Assembly Fixture 

10 Frame Brazing Jigs 

Frame Setting Jig 

Fork Ber:oing Fixture 

Handlebar Bending Fixture 

10 Sets Hand Tools 

6 Pneumatic Screwdrivers 

Eye Nut Inserter 

Sub Total Bicycle 

Motor Cycle 

76 Press Tools 

Stand Welding Fixture 

F o o t r e s t lJI e l d i n g F i x t u r e 

Carrier Welding Fixture 

Handlebar Welding Fixture 

Carrier Bending Jig 

:! Drill Jigs 

Set Templates 

6 Frame Welding Fixtures 

10 Sets Hand Tools 

8 P n e um a t i c Sc r e w d r i 1.1 '.·~ l c; 

Sub Total Motur Cycle 

-· I ".(, 

Estimated 
Cost 

(Birr) 

120,0CJD 

90,000 

3. DllO 

3,000 

12,000 

2,000 

20,000 

4,000 

10,000 

5,000 

4,000 

4,000 

6,000 

7,500 

500 

291,000 

456,0IJD 

1 , 000 

1 , OOC1 

1, uGO 

1 , [J0ll 

.·s, ODO 

6,UOO 

1 , 000 

1CJD,00[1 

1 5 '[](JO 

10,000 

59:i,DOO 

Source Of 
Supply 

r3icycle Collaborator 

Bicycl2 Collaborat.Jr 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Coilaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator-

General Purpose 

General Purpose 

Bicycle Collaborator 

Motor CycJ.e 
C1:illaborcitor 

Lo=c!J 

Local 

Local 

Locc:d 

Local 

Motor Cycle 
Colla0orator 

Motor Cycle 
•:.ollaburator 

Mo~,or Cycle 
r rd lab 0 rat 0 r 

liener 0d Purpose 

C F!r1e ra l Purpc:ise 
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TABLE ~.3: Continued 

Toolinq 

Llther Products 

11 Press Tools 

3 Cart Wheel Welding Fix~rues 

Trailer Frame Welding Fixture 

Trailer Hitch Welding Fixture 

Sidecar Frame Welding Fixture 

Sidecar Suspension Welding Fixture 

Attachment Frame Welding Fixture 

4 Sets Hand Tools 

4 Sets Guillotine Templates 

Sub Total Other Products 

Tools Supplied To Sub-Contractors 

5 Press Tools 

2 Forging Dies 

3 Moulding Tools 

2 Extrusion Dies 

Punch 

Heat Welder 

Sub Total Toois Supplied to 
Sub-Conl:ractors 

Estimated 
Cost 

(Birr) 

33,000 

5,000 

~~,DOD 

1 • 500 

J,COO 

2,000 

3, OCiO 

4,000 

2,000 

56,500 

30,000 

15,000 

94,000 

22,000 

2,000 

3,000 

166,000 

Total Toolino Cost 
~-'--.......;;..~~~---...... ~~- 1,108,500 

- I 'if>--

Source Of 
Supply 

Lr:c;1l 

Loc.:-il 

Local 

Local 

Local 

Lo'.:"'.al 

Local 

General Pucpose 

Local 

Bicycle ~ollaborator 

Bicycle Collatrnrator 

Motor Cycle 
Col laboratc:· 

Local 

Local 

Cener-cil PurposL 
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TABLE 6.4: QUALITY CONTROL ANO TOOL ROOM EQUIPMENT 

Equipment 

fJual i ty Control 

Bicycle Frame Testinq Rig 

Bicycle Fork Testing Rig 

Bicycle Handlebar Testing Rig 

Motor Cycle Frame Testing Rig 

Estimated 
Cost 

(Birr) 

5,000 

2,500 

2,500 

20,000 

Motor Cycle Handlebar Testing Rig 10,000 

Hardness Tester 10,000 

Set Magnetic Crack Detection 5,000 
Equipment 

Set Measuring Instruments 12,500 
and SurfacP. Table 

Set Laboratory Equipment 15,000 

Go-No Go Gauges for Checking 15,000 
Bicycle Components 

Go-No Go Gauges for Checking 10,000 
Motor Cycle Components 

Go-No Go Gauges for Checking 5,000 
Machined Components Of Other 
Products 

Total 

Tool Room 

Centre Lathe 1 .5 rn Bed 

Tool Room Milling Machine 

Shaping Machine 

Surface Grindinq ~achine 

Tool and Cutter Grinder 

Pedestal Grinder 

Miscellaneous Tools ~nd Equipment 

Total 

-1)7-

112,500 

40,000 

25,000 

15,000 

25,000 

11 '500 

2,500 

5,000 

124,000 

Source of 
Supply 

Bisycle Collaborator 

Bicycle Collaborator 

Bicycle Collaborator 

Motor Cycle 
Collaborator 

Motor Cycle 
Collaborator 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

Bicycle Collaborator 

Bicycle Collabor3tor 

Local 

General Purpose 

General Purpose 

General Purpose 

General Purpose 

General. Purpose 

General Purpose 

General Purpose 

' 



genera 1 purpose testing and measuring equipme11t. The tota 1 
cost of quality control equipment is estimated at 112,500 
Birr. 

The tool room has the facilities for plant maintenance, 
repair and re-sharpening of production tools, and for the 
manufacturing of simpler items of production tooling. All 
items are standard tool room equipment and can be purchased 
on the world market. The estimated total cost of tool room 
equipment is 124,000 Birr. 

Storage and Material Handling 

The material handling facilities for the assembly of the 
different products have already been discussed since they 
form part of the production equipment for those operations. 
However, the following additional storage and material 
handling facilities are required: 

i) overhead crane to serve the raw materials store 
and the press forming, tube manipulation, 
machining and fabrication sections. To be used 
for unloading raw materials into the store, and 
for delivery to the above manfuacturing sections; 

ii) mobile crane for unloading crates of imported 
kits of parts and transporting them to the store; 

iii) fork lift truck, for movement of components from 
crates to the store, of raw materials handled 
more conveniently by this method than by overhead 
crane, and for loading finished products for 
despatch; 

iv) 

v) 

racks, for storing raw materials, components and 
finished products. 

bins, pallets, trolleys and pallet trucks for 
holding work-in-progress and moving part finished 
components between manufacturing operations. 

In addition, the plant should have one 10 tonne truck and 
one l tonne pick-up for general transport duties. 

The major imported items are the overhead crane, mobile 
crane, fork lift truck, pallet trucks and pick-up. The 
estimated cost for these items is 300,000 Birr. The 10 tonne 
truck can be obtained from AMCE, cost 120,000 Birr, and 
the racks, bins, pallets and trolleys can be made locally, 
estimated cost 75,000 Birr. 

In summary the equipment investment costs are estimated 
as follows: 

-1S8-
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Overseas Local Total 

l'rociuct ion Machinery <t nd 
Tooling 2,137,500 284,000 2,421,500 

Quality Control a ncl 
'I'oo l Room 231,500 5,000 236,500 

Storoge .:rnd M,1terial Handling 300,000 195,000 495,000 

Total 2,669,000 484,000 3,153,000 

Note that this excludes equipment needed to supply and 
distribute services in the plant, and office equipment. 

6.6 Materials And Inputs 

Table 6.5 gives a breakdown of the imported components, direct 
materials and process materials consumed per annum by the pro
posed plant. The cost is broken down into CIF valut (equivalent 
to foreign exchange cost), duty and transportation . Table 6.6 
gives a breakdown of locally supplied materials and components 
consumed per annum by the proposed plant. Summarised below is 
the total material cost for the plant, and its foreign exchange 
compunent. 

Bicycle 
Motor Cycle 
Other Products 

Total 

Material Cost/Annum 
Birr 

1,521,340 
8,197,335 
1,510, 795 

11,521,340 

Foreign Exchange 
Cost % 

896,490 
5,513,335 

311,450 

6,721,275 

49.4 
6 7. 3 
20.6 

5 8. 3 

Note that this is only a 'first order· analysis of foreign 
exchange cost since the tube and sheet supplied by Kalliti, and 
some components from local suppliers, use imported raw 
materials. Based on the above, the mdterial cost of each product 
are as follows: 

Bicycle 
Motor Cycle 
Animal Cart (average) 
Cycle Trailer 
Sidecar 
Pick-Up/Van Attachment 

145.06 Birr/Unit 
1,639.50 Birr/Unit 

186.90 Birr/Unit 
141.90 Birr/Unit 
378.50 Birr/Unit 

1,012.00 Birr/Unit 

Tables 6.7 to 6.9 show the flow of components and direct 
materials through the plant for the three product cat~gories: 

* Bicycles; 

1. Transaction ta.: is not included since ,it is assumed that 
this will be charged on the finished products. 
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TABLE 6.5: IMPORTED COMPONENTS AND RAW MATERIALS 

Bicycle 

12,500 Sets Bicycle Components 

15.65 Tonne ~ild Steel Black Bar 

10 Tonne Mild Steel Rod 

O.S Tonne Mild Steel Welded Tube 

O.~ Tonne ~ild Steel Uire 

O.S Tonne Hard Bright ~ire 

Paint 

Welding Wire 

Brass 

Plating Chemicals 

Plating Anodes 

Sub Total Bicycle 

Motor Cycle 

5,000 Sets Motor Cycle Components 

45 Tonne Carbon Steel Tube 

3.75 Tonne Mild Steel Rod 

'.5 Tonne Hard Bright Wire 

Vinyl Leather Cloth 

CIF 

771'250 

14,870 

9,500 

2,320 

630 

2,320 

47,400 

16,300 

2,470 

26,550 

2,880 

896,490 

5,327,500 

104,625 

3,565 

6,435 

23,750 

Cost/Annum (bir~) 

Duty Local 

115,690 

3' 1 3 0 

2,oon 
180 

80 

1 8 0 

14,220 

3,260 

250 

7,965 

295 

147,250 

2,131,000 

9,000 

750 

500 

600 

Transport 

35,000 

3,520 

2,250 

200 

'j 0 

200 

880 

440 

280 

485 

325 

43,670 

250,000 

10,125 

845 

565 

650 

Total 

921'940 

21,520 

13,750 

2,700 

800 

2,700 

62,500 

20,000 

3,000 

35,000 

3,500 

,087,410 

7,708,500 

123,750 

5' 1 60 

7,500 

?5,000 

- .. -------------------·· 
.I 
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TABLE 6.5: Continued 

Cost/Annum (Bi~r) 
CIF Duty Local Total 

Transport 

Motor C~cle Continued 

Paint 22,750 6,825 425 30,000 

Welding Wire 16,300 3,260 440 20,000 

Plating Chemicals 7,585 2,275 140 10,000 

Plating Anodes 825 85 90 1 , ODO 

Sub Total Motor Cycle 5,513,335 2,154,295 263,280 7,930,910 

Other Products -
:::-- Various Imported Components 205,000 60,750 14,000 279,750 

73.5 Tonne Mild Steel Black Bar 69,825 14,700 16,540 101,065 

Vinyl Leather Cloth 9,500 240 260 1 0, ODO 

Paint 15,925 4,780 295 21,000 

Welding Wire 11,200 2,240 31 0 13,750 

Sub Total Other Procu::ts 311,450 82,710 31, 405 425,565 

TOTAL 6,721,275 2,384,255 3J8,355 9,443,885 

~ 



TABLE 6.6: LOCAL COMPONENTS ANO RAW MATERIALS 

Bicycle 

55 Tonne Cold HollPd Mild Steel Tube 

39.5 Tonne Cold Rolled Mild Steel Sheet 

Packing Materials 

12500 Pair Tyres and Tubes 

12500 Pair Rim Tapes 

12500 Pair Hand Grips 

Various Components From EMTF 

Bicycle Carriers and Parking Stands 

Sub Total Bicycle 

Motor Cycle 

16.85 Tonne Cold Rolled Mild Steel Tube 

44 Tonne Cold Rolled Mild Steel Sheet 

Foam 

5,000 Pair Rim Tapes 

5,000 Hand and Twist Grips 

20,000 Indicator Lenses 

5,000 Wiring Looms 

Sub Total Motor Cycle 

Other Products 

87.9 Tonne Hot Rolled Mild Steel Tube 

116 Tonne Hot Rolled Mild Steel Sheet 

16DOD Castings For Bushes 

1 ,DOD Pair Tyres and Tubes (trailers) 

2,50D Pair Tyres and Tubes (carts) 

1,:1!111 Pair Rim Tapes (trailers) 

1 , DOD Wooden Seat Frames 

25D Pick-Up/Van Bodies 

Sub Total Other Products 

TOTAL 

Cost/Annum 
(Birr) 

137,50D 

88,3DO 

62,500 

30D,DOO 

12,500 

25,00D 

fi2,50D 

37,500 

725,800 

42,125 

96,80D 

1 5, DOD 

7,500 

1 2' 500 

32,500 

60,000 

266,425 

202,230 

232,000 

80,000 

20,000 

325,000 

1'000 

10,000 

125,000 

1 ,085,230 

2,077,455 
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TABLE ti.7: i"l A T E H I "1 L F LU W BICYCLE ~RODUCTlON 

RAW MATEHIALS S fOHE 

SST Tub• 
0.9T Smell 

TutJe 

' 

l9.ST Sheet 
0.4T Wir• 
lOT Rod 
0.91 HArd lil!rr 

lhube lt--------cl Press 
llManipulationl Chein~t•• I Forming 

5rel5l•y I 
51!AlPI 11 ar 

• ld"" .. • Fork 
ttanc! l Pba r a rut 

Rralce Part!'. 

r ramr. f ark 
Handlebar end 
Brak~ Part!. Frame and 

Fork Assembly 

frames anrt F'"ork.~ 

' 

HandleobBr 
and Brake 
P•rts 

Painting 

J 1"1·,t-11•1J 

[otTOpOnf'nt-. 

COMPONENTS STUdt. 

~rAmr HendlP
bar. Pedel 
Brel<r end 
Wh•wl Pol'Jrt.,. 

Sub Assembly 
Stations 

Frame Hen<Jle
bar, P"del~ 
Brake W""" l • 

I 

I F- i rial Assembly 
I Pecking 

l'later la I• 
1 /. ~,f){) 

Hi c yr l •·•, 

DESPATCH STORE 

I 
I 

1S.65T Bl•clc Ber 
rorqed Cr•nl<s 

Machining 
I i---
Brakr Pnrt5. 
58Atp 111 ar 
Other Pre·.--.•·11 
Part~ 

l'lechinrd PArt!> 
Cr•nks and 
(h•1nwhr" I 

Plating 

Ot""r 
(ompnnf"nt~ 

~~T Mild Steel Tube 
JY.ST Mild Steel Sheet 
lC,.G':iT Ellack Elar 
1 lJT f1'1t1 

0 . 'l l ',"', d l 0 i " . T "he 
ll. 1, T '.!! i r ,-. 
f'.·lT H.trtl ~1riqht Wir~~ 

;,,11--ir)q 1"Y!(ttf"lri.tls 

~Jr•··,~P11 \,r1.1inwh~ 1 f!l'. [ft'lf~ 

V r· r r;r:>d r ~dnk :-1 F!YfTF 

~•chined µarts For 
Heel Tr~at~ent a 
[l'ITF 

-
1 ,' ,'-,[l[J 1P f' r fl :!'.(.Jf 1 "lt'rl t. r:; 

1 ; , ~ ,f) l I ;>a~: fy t 1-!S <HHt r urJJ:'.l r, 

1 2 , ~-) nr~ P;, i r f.i i fT' T :~ ~;,," 
1 / • ~Jnr; P,1 i r H;i nr1 1; r i ;: " 
C ;1 r r i ~~ r s ":-id ' t ,--tr1r1c-, ·' 
HP,·1t Trp.tti·d •1.1rt·, - r~r~ --

' 



TABLE 6.8: 1•11-i I t.t-< i~L FLOW MOTOR CYCLE PRODUCTION 

-
~J RAW MATERIALS STORE 

.. _ 
n~_---.--_ ___,,_,_._.,, 16 

I 

I ·,T •I 1tt 

.' • ', r J ~ r" 

·1 •• '',r .,,)lt ~ .", t"" Le,, t r- er 
l l .1th 

- Machining 

Press 
Formino 

I 

I 

~'re55ed D,1rt·• 
j:"rnnt Footr~'\t 

'),1,Jdle F rdm~ 

----------'•.•ir \:.1rtiun 
'it'"" l T1.1he 

1 
H,1ndletJar. 1'"!1ritr~5t ,_ _____ .._ ___ ""I 

,,...,Lf S.trtr1LP" P.1rt5 .,...._ ______ ~Tube Man-

~.i1n Fr,1me 

>J,., rt c; 

ioulation 

l"'l,1 in Fr ,1m1J 

run'!,, 

~ ron t 
,. (JIJt f~~t 

TorQuP. llrm 
C"lrrier Motor Cycle 

Frame Welding 
Rear rootrll!'5t 

t • I Plating I Painting Upholstery~ 

I 
F' inl~hecJ Componftnts 

COMPONENTS STUHt: 

I 
D th" r Enqinft and lUhee 1 

ComponP.nt'J Comporutnt 'l r r.1n~mi~5 ion 
Component" 

Sut1 Assembly 
Station 

Q • 05emb l !o!d 
w~11111P.l • 

Pac'cinQ 
l'!at•H lal• 

Final 

Engine and Tran
smission Assembly 

AssP.rnbly 

A<1'JFtmbler1 
Enqinflll5 tlnd 
frdn~m1'J'Jion'J 

DESPATL:H STORE 

44 
1,5 
3. 
2. 
Le 
Fo 
I-la 

.__ 

-
5,0 
5,0 
S,O 

20, 0 
') ,0 

-

• 
.ssr Tuhe 
T Sheet 
r Carbon Steel Tube I 
75T Ro rt 
sr IJJi re 
CJther Cloth 
am I 
eking M 1 r "r i ·l 1 c, 

I 
I 
I 
I 
I 
I 
I 

OD Sets Importert Components I ' 00 Pair Rim rapes 
00 P;-i i r H<Jnrt Gr i P'; 
00 Indicator L'-~n se s 

I DO Wirinq Looms 

I 
I 
I 
I 
I 
I 
I 
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fC\BU:: 6.tJ: f'lATERil\L ~LCllJ [t\RT, ff-'..!\ ILER 1-\~JO MOTOR CYCLE 

87.9T Tut>" 

"; rncH:•1E1'J r .-"nJJucrIDN 

RAW MATERIALS STORE 

1b.000 Ca~t Hu~t ... -. 

6)1 5Ql1are H•1r 
7.J.'>T Bl11c• !•ar 

1 OT Sh .. et 

I 
Wood•n rre'ft1t5 
ro•m 
LPalh"r Cloth 

I 

Tube filani
pulation 

Press 
Forming 

Machining 

I 
Treil"r Hitcl' 
~11 Breck .. ts 8ushf!s 

Cttrt Whl'" l 
end A 11 
rram• µart5 

Oe~pntr_l'i of 
Attachment 
framt-!> For 
Construction 
Uf Pick-Up/ 
V1tn Bodie~ 

Fabrication 

Cert W'•l!'els 
Hltn1 
All rr"m"s 

Painting 

All DU111r 
Componerits 

1111 Pel nt"d 
Perts 

I 

I 

Tr11iler Hltc!'l 
All Brerk.,ts I 

I 

Upholstery 

Sidecar 
s .... t. 

CUMJ.JONENT STORE 

Sld"c"r 11/h.,.,l 
ComnonPnt~ 

TreLer 11/hP•l 
( ompc.nent • 

Bicycle 
Sub Assembly 

Assembly 

4,000 Cert ii/heel/ 
A•l• A551tmblio• 

1 ,ooo Trellers 
1,000 Sid1tcer. 

750 P1c~-U~/V11n 
At tuhment~ 

Motor Cycle 
S11h Assembly 

Sid.,car 
illh .. P.l 5 

DESPATCH STORE 

-
87.9T Tut>e 
llfJT 5heet 
7.LST !Hack U'lr 
1 ,UDO Wootl"" Fr<1mPs 

Tf;,0!111 [<ist Rushes 
roam 
LPilthP: Lirifr1 

-
All Fasteners 
Wheel Componprit.s 
TyrP.s ;ind T1JbPs 
Leaf Sprinqs 
µick-Up/V<in Att<ichmPnt 
F r a rn P <; w i th r: r "n µ l e t e fl" cl i es ,____ 
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* 

* 

Motor cycles; 

Cart wheel/axle assemblies, trailer3 and motor cycle 
attachments. 

The flow of materials is based on three stores: 

* 

* 

* 

* 

All raw materials and bought-in part-finished components 
are delivered to the raw materials store; 

All bought-in finished components are delivered to the 
component store; 

Raw materials are issued to the appropriate manufacturing 
section. If the material has to pass through more than one 
section for processing it is delivered direct from one 
section to the next as work-in-progress. When processing 
is complete the finished components are delivered to the 
component store; 

Complete sets of made-in and bought-out components are 
issued from the components store to the final assembly 
area. Finished, assembled products are placed in the 
despatch store. 

The three tables therefore show the inputs of raw materials and 
components; the distribution of raw materials from the store 
and the flow through manufacturing sections to the component 
store; and the flow of components from there to the despatch 
store. The figures in the tables are of annual throughput of 
materials and components. 

6.7 Quality Control 

Detailed quality control procedures for different production 
operations have been discussed in Chapter 5. This section gives 
an overview of the approach to quality control and its different 
elements. 

s~andards and Specifications 

Overall specifications for the different vehicles have 
already been discussed in previous chapters. Some details 
of the specifications for the bicycle and motor cycle will 
tave to be agreed with the selected collaborators, including 
th~ procedures for rig testing of the critical structural 
components - frame, fork and handlebar for bicycle, and 
frame and nandlebar for motor cycle. Detailed specifications 
for the other products will be prepared as part of the 
tcch~ical assist~ncc. All steel materials will be purchased 
to international specifications - those supplied by Kalliti 
are based on raw materials purchased internationally to 
such specifications. 

Incoming Materials and Components 

Steel raw materials purchased overseas by NMWC are accepted 
on the basis of a certificate of compliance from the 
supplier that they meet the agreed specification. This also 
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applies to the material which Kalliti purchase for 
processing into tube and sheet. However, it is prudent to 
check that all incoming materials are supplied to the 
specified dimensons and, in the case of tube from Kalliti, 
that the diameter is within standard tolerances (detailed 
in their catalogue). The Ethiopian Standards Institute is 
developing the facilities for material testing and ideally 
a sample of each delivery of steel should be submitted to 
them to confirm that it meets the material specification. 

The agreement with the bicycle and motor cycle collaborators 
should specify that the components and sub-assemblies 
supplied by them conform to their standards and have passed 
their normal quality control procedures. Inroming kits of 
parts will be subject to visual checks. Similarly locally 
supplied components should be subject to such checks prior 
to acceptance o[ deliveries. Heat treated components 
supplied by EMT? will be tested to check that the hardness 
is within the agreed specification. 

Control During Processing 

There are several aspects to control of quality during 
different production operations: 

i) skilled toolsetters will be employed to set 
Vdrious items of machinery to produce particular 
components. Part ot their responsibility will 
be to check that the initial components produced 
from the machine are correct; 

ii) for components where dimensional tolerances are 
crucial, go-no go gauges will be used to check 
that they are within tolerance; 

iii) the use of jigs and fixtures in many of the 
oper2tions provides an additional measure of 
quali~y control, since if components will not 
fit into the jig or fixture, they are incorrect; 

iv) for critical structural assemblies, samples will 
be selected from the production line and subjected 
to testing. These tests fall into two categories. 
Bicycle frames, forks and handlebars, and motor 
cycle frames and handlebars will be subjected 
to static strength tests where standard loads 
are applied. The deflection of the component under 
those loads must be within defined limits. for 
motor cycle frames this is complemented by 
subjecting the welds of selected frames to crack 
detection testing. For these selective tests, 
the procedure is that samples are selected from 
a batch of components. If the samples pass the 
test, the batch is approved. If the samples fail, 
the complete batch must be subjected to testing; 

v) components will be visually inspected at different 
stages during the production process. This is 
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particularly important tor tin1sh1ng operations 
such as painting and plating. 

Finished Products 

As discussed in Chapter 5, all products will be subjected 
to thorough chE·cking and inspection at the 0nd of the 
assembly line prior to despatch to the finished products 
store. 

Staff Responsibility 

It is desirable that a degree of responsibility for quality 
control be given to production workers. This allows 100% 
checking of components, for example: 

i) visual checking of incoming components by 
storemen; 

ii) dimensional checking using go-no go gauges 
immediately after processing; 

iii) checking of finish quality immediat~ly after 
painting or plating. 

This procedure allows problems to be identified and resolved 
quickly. However, the plant will also employ quality control 
staff who will have two functions: 

i ) to carry out technical testing - eg. hardness, 
structural or crack detection tests; 

ii) to carry out selective checks at all stages of 
the production process - incoming components and 
materials, manufacturing operations and assembly 
- to monitor the control being exercised by 
production workers. Again the procedure is that 
if selected samples are unacceptable, the complete 
batch must be checked. 

Finally, in the case of motor cycles it is almost certain 
that the overseas collaborator will wish to exercise a 
measure of control over quality. This can take a number 
of forms - definition of quality control procedures, 
training, and technical assistance, part~cularly in local 
manufacture of components. It may also involve periodic 
reviews of quality standards by staff from the collaborator. 

6.8 Staffing 

Four categories of staff are discussed here: 

* Direct production workers; 

* Ancillary production workers; 

* Quality control and tool room workers; 

* Production and technical supervision and management. 

-168-

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I ' 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

Direct Production Workers 

Table 6.1 details the direct production workers required 
for the planned output of the plant. These cue surnrnar iscd 
by section below: 

Press Forming Section 
Tube Manipulation Section 
Machining Section 
Upholstery Section 
Bicycle Frame and Fork Assembly Section 
Motor Cycle Frame Welding Section 
Fabrication and Assembly Section 
Painting Section 
Plating Section 
Bicycle Final Assembly Section 
Motor Cycle Final Assembly Section 

Total 

No. Of Workers 

9 
3 
6 
1 
5 
4 
8 
5 
7 

14 
17 

79 

In estimating labour costs, these direct workers have been 
divided into 4 grades, and wage rates for each grade 
estimated on the basis of the figures used in the recent 
IPS study of a Cement Bonded Particle BoarJ Plant: 

Grade 1: Semi-skilled, carrying out one or a limited number 
of repetitive jobs that can be learnt very quickly 
- Rate 150 Birr/Month 

Grade 2: Requi~es skill in a particular activity but can 
be learnt by on-the-job training - Rate 225 
Birr/Month. 

Grade 3: Requires a degree of formal training but 
restricted to one or a limited number of 
activities - Rate 300 Birr/Month. 

Grade 4: Requires wider range of skills, or the degree 
of responsibility involved in the production task 
justifies a higher wage rate - Rate 350 
Birr/Month. 

Based on these grades, the classification of production 
workers is detailed below. In making this classification 
it is assumed that toolsetters are employed to do the 
skilled work of setting machines such as presses, lathes 
etc. to produce particular components. 

4 Press Operators 
2 Welders 
3 Operators For Other Machines 

Total 
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Grade 

1 
3 
2 

Birr/Annum 

7,200 
7,200 
8,100 

22,500 
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Tube Manipulation Section 

l Operator ~or Tube Bender 
2 Operators For Other Machines 

Total 

Machining Section 

3 Lathe Operators 
l Capstan Lathe Operator 
2 Operators For Other Machines 

Total 

Upholstery Sec~ion 

1 Worker 

Total 

Frame and Fork Assembly Section 

5 Workers 

Total 

Motor Cycle Frame Welding Section 

2 
1 

3 
2 
2 

3 

2 

2,700 
3, 6 00 

6,300 

10,800 
2,700 
5,400 

18,900 

3,600 

3,600 

13,500 

13,50(' 

4 Welders 4 16,800 
(This grade selected 
to ensure high 
quality welding) 

Fabrication and Assembly Section 

3 Skilled Sheet Metal Workers 
3 Welders 
2 Assembly Workers 

Total 

Painting Section 

1 Senior Operator 
4 Assistants 

Total 

Pl a ti 11y Sect .i0r1 

l ~°-nior Operator 
3 .. ssistants 
3 Polishers 

Total 
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3 
2 
1 

12,600 
10,80(1 

5,400 

28,800 

3,600 
10,800 

14,400 

3,600 
g,100 
S,400 

17,100 
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ei_~cle Final Assembly Section 

2 Checkers 
3 Wheel Builders 

4 
3 
2 

8,400 
10,800 
24,300 9 Assembly Workers 

Total 43,500 

Motor Cycle Final Assembly Section 

J Checkers 4 
3 
3 
2 

12, 6 00 
10,800 
21,600 
18,900 

1 Wheel Builder 
6 Engine Assemblers 
7 Assembly Workers 

Total 56,700 

In summary the labour lS classified as follows: 

Grade l 9 Workers 
Grade 2 37 Workers 
Grade 3 21 Workers 
Grade 4 12 Workers 

The total annual cost of direct production workers 1s 
242,100 Birr. 

Ancillary Production Workers 

Three categories of ancillary production works are required: 

i) Toolsetters 

Toolsetters are required in the press forming, 
tube manipulation, machining, and frame and fork 
assembly areas. Four toolsetter, at 400 Birr/Month 
each, an annual cost of 19,200 Birr. 

ii) Stores 

Good stores control is im?ortant LO the efficient 
operation of the plant. Eacb store should huve 
a storekeeper \at 400 Birr/Month) with assistants 
as follows: 

Raw Materials: 2 at 150 Birr/Month 
Components: 5 at 225 Birr/Month 

(to batch components for issue 
to assembly) 

Despatch: 2 at 150 Birr/Month 

In addition 1 crane driver and 1 fork lift 
operator, each at 225 Birr/Month are needed. 

iii) Labourers 

There is 1 substa11tial amou11t of movement of 
materials within the pldnt. This is best cdrried 
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out by labou~ers, with one assigned to each of 
the main sections, a total of 10 at 100 Birr/Month 
each. 

Quality Control and Tool Room 

five quality control workers, plus one laboratory technician 
arc proposed, at the following rates. 

1 Laboratory Technician 
S Quality Control Workers 

400 Birr/Month 
300 Birr/Month 

The tool room will require 2 skilled machinists and 2 
mechanics for general plant maintenance, each at 400 
Birr/Month. 

Supervision and Management 

The plant will have a technical head, reporting to the 
general manager. The technical head will be responsible 
for production control and production engineering. The 
proposed management structure is that, reporting to the 
technical head will be: 

i) a production engineer responsibie for quality 
control, tooling, equipment and plant mainten
ance. Reporting to him will be a maintenance 
foreman, responsible for the tool room, and a 
quality control supervisor; 

ii) ~production controller responsible for stores 
and for the manufacturing and assembly sections. 
Reporting tJ him will be the three storekeepers 
and the foremen. Since numbers of production 
workers are relatively low, it is not necessary 
to have one foreman for each section. For 
supervision and management purposes they can be 
combined as follows: 

Press Forming, Tube M~nipulatio~, Machining 
and Fabrication - One Foreman.; 

Frame and Fork Assembly, Motor Cycle Frame 
Welding, Painting, Plating and Upholstery 
- One Foreman; 

All Final Assembly Sections - One Foreman. 

Finally, consideration should be given to including a design 
l'flyincer in the technical st3ff, in nniPr to develop 
capability in the technology of low cost vehicles, for 
design of production tooling, and to act a3 the technical 
contact with overseas collaborators. He would report 
directly to the technical head. 

The proposed technical supervisory and management staff 
is therefore, as follows: 
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1 Techni ca 1 Head 
l Production Engineer 
1 Production Controller 
1 Design Engineer 
1 Maintenance Foreman 
3 Production Foremen 
1 Quality Control Supervisor 

Birr/Month 

1,000 
750 
750 
750 
500 
500 
500 

In summary, the staffing requirements for the plant are: 

1 Technical Head 
3 Section Heads 
5 Supervisors and Foremen 
3 Storekeepers 

11 Store Workers 
6 Quality Control Workers 
4 Tool Room Workers 
4 Toolsetters 

79 Direct Production Workers 
10 Labourers 

126 Total 

Birr/Annum 

12,0CO 
27,000 
30,000 
14,400 
26,100 
22,800 
19,200 
19,200 

242,100 
12,000 

424,800 

This does not include non-technical management, accounting, 
marketing and administrative staff. 

Training and Technical Assistance 

For the manufacture of bicycles and motor cycles, training and 
technical assistance will be provided by the overseas 
collaborators. Training falls into two categories: 

i) development of the capability and experience of senior 
supervisory and management staff, which is best 
achiev~d by them spending time in the overseas plants; 

ii) training of production workers and lower level 
supervisory staff, which is best carried out in the 
proposed plant and achieved by the provision of 
technical assistance from the overseas collaborator. 

Based on the implementation schedule discussed in Section 6.3 
the p,-oposE:d inputs for bicycles are therefore as fol lows: 

i) 6 man-months overseas training of two senior staff 
in the collaborator's factory prior to commencement 
of assembly of bicycles in Ethiopia. Estimated cost 
31,000 Birr (to cover staff salaries, subsistence and 
air fares); 

ii) 3 months overseas training of one senior staff member 
in the collaborator's factory during the second year 
of operation, prior to establishing local manufacture 
of bicycle components in Ethiopia. Estimated cost 
12,500 Birr (to cover subsistence and air fares); 

-l?'l-
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iii) provision of one man from the collaborator's staff 
for 1 years technical assistance to the factory in 
Ethioria prior to starting, and in the early months 
of assembly of bicycles to advise on assembly 
procedures and train local staff. Estimated cost 
$3,000/month, total 75,000 Birr (to cover salary and 
overheads, subsistcnc~ and air fares); 

iv) provision of one man from the collaborator's staff 
for 1 years technical assistance to the factory in 
Ethiopia prior to initiating, and in the early months 
of, local manufacture of bicycle components, to advise 
on manufacturing methods and train production staff. 
Estimated cost $3,000/month, total 75,000 Birr. 

The r1roposed inputs for motor cycles are as follows: 

i) 6 man-months overseas training of two senior staff 
in one of the collaborator's plants prior to 
commencement of assembly of motor cycles in Ethiopia. 
Estimated cost 42,000 Birr (to cover staff salaries, 
subsistence and air fares); 

ii) 3 months overseas training of one senior staff member 
in one of the collaborator's plants during second year 
of operation, prior to establishing local manufacture 
of motor cycle frames in Ethiopia. Estimated cost 
18,000 Birr, (to cover subsistence and air fare); 

iii) a total of 2 man-years technical assistance to the 
factory in Ethiopia as follows: 

* 

* 

1 man for one year prior to starting, and in the 
early months of, local assembly of motor cycles, 
to advise on procedures and train staff; 

1 man for 6 months in second year of operation, 
to assist in establishing local assembly of 
engi~es and transmissions and train staff; 

1 man for 6 months in third year of operation, 
to assist in establishing local manufacture of 
motor cycle frames and train staff. 

Estimated cost $5,000/month, 250,000 Birr. 

iv) it is also prudent to allow for a one month visit by 
a technical person from the overseas collaborator in 
each of the first four years of production, to ~eview 
progress, resolve any technical or quality cont~ol 
problems, and provide additional training. Estimated 
cost $6,000 per month, 50,000 Birr. 

For the other products - carts, trailers and motor cycle 
attachments - the provision of technical assistance to prepare 
final design specifications and initiate production will include 
training of local staff. One man year's technical assistance 
will be required, estimated at $6,000/month, 150,000 Birr. 
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6.10 Financial Summary 

Detailed below are the main costs associated with establishing 
the proposed low cost vehicle plant: 

Annual Operating Costs 

Raw Materials and Components 
Production Workers 
Technical Management 

Total 

Birr/Annum 

11,521,340 
385,800 
39,000 

11,946,140 

To this must be added the costs of utilities, overall 
management, administration and sales. 

Fixed Investment Costs 

Manufacturing Equipment and Tooling 
Storage and Material Handling 
Pre-Production Training and Technical 
Assistance 

2 Building (estimated at 800 Birr/m ) 

Total 

2,658,000 
495,000 

703,500 
3,080,000 

6,936,500 

To this must be added the costs of off ice equipment. 

Working Capital 

Based on allowing 12 months working capital for imported 
materials and components, and 3 months for local costs, 
the total working capital requirement is estimated at 
8,125,000 Birr. 

It is not the role of this report to make a financial analysis 
of the proposed plant since much detailed work remain~ to be 
done before carrying out that exercise. However, based on th~ 
financial data available it is useful to make a preliminary 
estimate of the selling prices of the different vehicles. 
Detailed below is an estimate of total annual costs based on 
the following assumptions: 

i) equipment is depreciated at 12%, buildings at 5%, and 
pre-production costs at 20%; 

ii) working capital is charged at 10%; 

iii) a minimum profit margin is assumed by charging a 14% 
return on investment; 

iv) 19% is added to factory costs to cover sales and 
transaction taxes; 

v) an allowance of 350,000 Birr is assumed for other 
operating costs. 

-l7S-

' 



Material Cost 
Production Labour 
Technical Management 
Other Operating Costs 
Depreciation: 

Building 5% 
Equipment 12i 
Pre-Production Cost 20% 

Cost of Working Capital 
14% Return on Investme~t 
Taxes at 19% 

Total Cost 

Say 18.8 million Birr. 

Birr/Annum 

11,521,340 
385,800 

39.000 
250,000 

154,000 
378,360 
140,700 
812,500 

2,108,610 
3,000,159 

18,790,469 

The various operating and investment costs have to be distributed 
between the different products. As a first approximation this 
is done in the same ratio as that of material costs. On this 
basis the distribution of costs between different products is 
as follows: 

Bicycles 
Motor Cycles 
Other Products 

2.95 
13.40 

2.45 

Mi 11 ion Birr 
Mi 11 ion Birr 
Mi 11 ion Birr 

Total 18.80 Million Birr 

On this basis, the minimum selling prices for the two main 
products arc: 

Bicycle 
Motor Cycle 

236 Bin~ 
2,680 Birr 

For the other products, costs are again distributed on the basis 
of ratio of material costs to giv~ the following minimum selling 

rriccs: 

Cart Wheel/Axle Assemblies 

1 Tonne ADV Tyre 
1/2 Tonne ADV Tyre 
1/2 Tonne Motor Cycle Tyr~ 
1/2 Tonne Steel Wheel 

Bicycle Trailer 
Sidecar 
Pick Up/Van Attachment 

376 Birr 
357 f3irr 
249 Birr 
156 Birr 
232 Birr 
t) 2 0 :ii r r 

1,690 Birr 

There are obviously some distorri~ns in the illlocation of costs, 
most seriously for the pick-up/van attachment which, since the 
body is built outside the factory, is over priced by this method 
of analysis. However, the figures do show that both bicycles 
and motor cycles can be made available at a substantial saving 
over current prices by local manufacture, and that a range of 
other vehicles can be supplied at low pric2s. 
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7. RECOMMENDATIONS 

As stated at the start of the report, the consultant's input 
was made in the early stages of the feasibility study, and 
focussed primarily on technical aspects. Much detailed work 
remains to be done to complete t~e study. These recommendations 
highlight certain issues that should be addressed by the IPS 
Project Team during the remainder of the study. 

1. 

2 . 

3. 

4 . 

Demand estimates for low cost vehicles have been made 
to provide a basis for the technical analysis of the 
different options. Because of the nature of the study, 
precise analysis of demand is difficult. However, an 
attempt should be made to refine these preliminary 
estimates where possible and in particular: 

i) obtain more detailed information on the 
present use of motor cycles by government, 
and on plans for utilisation in the future; 

ii) expand the currently very limited data on 
the numbers of animal drawn c3rriages in 
use; 

iii) explore further with the Ministry of 
Agriculture the potential for animal draw~ 
carts; 

iv) continue the analysis that has commenced 
of transport demands in rural areas in 
relation to crop production, the development 
of co-operatives and access to markets. 

The functions of existing industries in Ethiopia in 
the manufacture of low cost vehicles are discussed 
in the report. However, it is recommended that IPS 
hold further discussions with: 

i ) 

ii) 

Addis Tyre on detailed technical and cost 
aspects of bicycle and ADV tyre and tube 
production; 

Ethio-Plastics on the production of wiring 
looms. 

As noted earlier, equipment and tooling costs are 
estimated on the basis of recent world prices. 
Quotations should be obtained from suppliers i~ 
different countries for the major items of general 
purpose equipment. 

The IPS agreement with NMWC includes an overseas study 
tour by IPS staff to low cost vehicle industries. Prior 
to departur~ from Addis Ababa, recommendations were 
made for an itinerary including bicycle, motor cycle, 
animal cart and other industries in India, China, and 
the Philippi~es. This will provide an opportunity for 
the Project Team to improve their general understanding 

-177-



of low cos~ vehicle manufacture, but the opportunity 
should also be taken to pursue the following specific 
issues: 

ii compare the characteristics of bicycle 
industries in India and China, and their 
respective merits as overseas collaborators; 

iii obtain prices of pioduction tooling and 
special purpose machinery for bicycle 
manufacture in India; 

iii) discuss with Dunlop in Calcutta the technical 
requirements and commerciai procedures for 
the transfer of ADV tyre technology to 
Et.hiopia; 

iv) review in the Philippines the role of 
ancillary industries in the production of 
components for the automotive sector; 

v) take the opportunity while in the Philippines 
to examine the production technology, 
investment c0sts and local content of BTV 
manufacture. This will provide additional 
information for discussions with the National 
Metal Works Corporation as to whether the 
production of BTV's in Ethiopia should be 
examined further. Annex 15 provides some 
background information on BTV's which will 
assist investigations in the Philippines. 
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ANNEX l 

Study of the Potential of a Low-Cost Vehicles Assembly Plant 
in Ethiopia 

Terms of Reference for Low-Cost Vehicle~ Manufacturin 
Technology Consultant (under UNIDO Project DP ETH 83 001 
- Assistance to the Industrial Projects Service) 

BACKGROUND INFORMATION 

There are two assembly plants for heavy vehicles (four-wheel 
drives, trucks and buses), one in Addis Ababa, and another in 
Asmara, but none for light vehicles. In view of the increasing 
demand for fuel and high cost of automobi1e imports, the 
National Metal Works Corporation, one of the Corporations under 
the Ministry of Industry, has, for some time now been looking 
into the possibilities of estaolishing a bicycle assembly 
plant. 

Studies so far conducted on the subject are minimal. An over
all assessment of the advantages of starting tp the technology 
of low cost vehicles (LCV's) in developing c0untries was done 
by UNIDO prior 1978. The emphasis in that UNIDO series was the 
gradual transfer and development of the insignificant local 
LCV's manufacturing technology to a very high level. Success
ful instances of this technological development have been cited 
from Indian and other Fa1 Eastern experiences. 

A study was conducted in Ethiopia in 1981/82 to analyse the 
potentials of establishing a bicycles assembly plant. It was 
done by a UNIDO expert, Mr. K.R. Shetty. The approach adopted 
was to establish an assembly plant which would eventually 
develop into a bicycles manufacturing plant with minimum 
foreign inputs. The establishment costs were estimated to be 
Birr 2.4 million, and the demand level 7500 units per year. 
Price per piece at the early stage was projected at Birr. 
219.00, declining eventually as demand levels increase. 

However, serious doubts were raised on the adequacy of the 
study for implementation, particularly on the demand levels 
assumed: 1967-77 imports of bicycles and tricycles averaged 
5000 pieces. Moreover, even if the demand were accepted as 
potential, it was not known whether it would amount to an 
economic scale. Furthermore, the physical terrain of the 
country 'Nas also mentioned as significantly different from 
those countries where similar technology was successfully 
developed. 

In light of the above background information, NMWC commissioned 
the Industrial Projects Service (IPS) to carry out a potential 
survey on the possibilities of establishing an LCV's assembly 
plant and its eventual development into an LCV's manufacturing 
set-up, with a view to alleviating the problem of short 



distance transport of both people and products. 

!PS is a consultancy house within the Ministry of Industry 
entrusted with the study of industrial projects. Although it 
is a young institution, it has already built-up a national 
professional staff with a wide range of expertise. It has also 
made arrangements for back-up services with recognized inter-
national consultancy houses. 

With regard to the proposed survey on the establishment of an 
LCV's assembly plant, IPS plans to carry out a study of the 
demand levels for: 

Animal drawn carts and carriages 
Bicycles, tri-cycles, motor-bicycles, motor scooters 
Motor-bicycles with side cars, and 
Three-wheeled vehicles, vans 

for transporting people and products in urban, sub-urban and 
rural areas. 

!PS would like to get the services of a low-cost vehicles 
manufacturing technologist from a recognised foreign con
sultancy firm to assist it in preparing a study of the 
potentials of a low-cost vehicles assembly plant as outlined 
in the attached work programme. 

OBJECTIVE 

To assist the Industrial Projects Service in preparing a study 
of the potentials of a low-cost vehicles assembly plant in 
Ethiopia. 

SCOPE OF CONSULTANCY SERVICE 

A. Prior to the fielding, the consultants will review, at their 
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home off ice, axisting low-cost vehicle technologies applied I 
world-wide, in preparation for the assignment to be under-
taken in Ethiopia. 

The consultant will undertake the following scope of work in 
Ethiopia: 

1. Market and Capacity Study 

Based on projected demand levels, by type and mix, of LCV's: 

Establish the appropriateness for Ethiopia, 
and the economic scale of production 
(assembly) that would be justifiable; 

Select the suitable technology for the type 
and scale of production envisaged, and 
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Assess the possibility of fabricating in 
local plants, some of the component items 
for the LCV's and indicate such costs that 
may be necessary to integrate components 
manufacturing into existing sy&tems in local 
plants. 

2. Materials and Inputs 

3. 

Evaluate the use of locally available/ 
fabricated materials to manufacture 
components: 

Select/indicate the appropriate materials 
and processing technology that may be 
developed into local contents manufacturing: 

Estimate annual requirements and cost of 
component materials and inputs required in 
the assembly/local fabrication of 
components: 

Provide charts showing flow and balance of 
components, materi~ls and other inputs, and 

Determine the types and sizes of facilities 
required for handling and storing of 
components, local materials/compo~ents and 
other inputs. 

Location and Site 

Identify and evaluate alternative 
appropriate location and site for 
into account proximity to market, 
utilities, potential suppliers of 
relevant factors. 

possibilities of the most 
the assembly plant taking 
labour, infrastructure and 
local components and other 

4. Technology 

Survey the evolutionary development of the 
LCV's manufacturing technologies with 
reference to the experiences of other 
developing countries, and outline such 
gradual developments, clearly identifying 
the stages to be followed and components to 
be supplied from local makers at each stage; 

Set criteria for the gradual lccalization of 
components supplies and the selection of 
technology appropriate for such growth; 
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Indicate commercially available alternative 
sources of such technologies that would 
enhance the envisaged gradual increase of 
local content; 

Select the most appropriate technolagy suit
able for the evolutionary development of 
LCV's manufacturing in Ethiopia starting 
from existing conditions; 

Describe the assembly process at the initial 
and subsequent stages by type of LCV; 

Draw up guidelines for designing a suitable 
plant and process lay-out; 

Work out the quality requirements, standards 
and specif icationb for each type of LCV in 
line with the envisaged local demands, and 

Design adequate quality control systems/ 
procedures compatible with the needs of 
LCV's to be used in Ethiopian conditions. 

5. Manpower Requirement and Organization 

B. 

Determine the total direct and indirect 
manpower requirements by function, including 
the requirements of subsequent years; 

Recommend the type, number and duration of 
expatriates that would be required for the 
transfer of the technology and know-how, and 

Draw up suitable training programme for the 
production personnel, indicating the 
content, duration, cost and place of 
training. 

Upon completion of the field study in Addis Ababa, the 
consultants will finalise the report prepared in Addis 
Ababa and carry out any necessary follow-up technical 
enquiries from IPS. 

GENERAL TIME SCHEDULE 

The consultant will be fielded within two weeks after receipt 
of the contract. The man/month required for the preparatory 
work at home office will be 0.25 m/m. The field assignment 
would be 1.5 m/m. Follow-up service after the field work is 
required and 0.25 m/m is reserved for this purpose. The field 
work is expected to be initiated as soon as possible, 
preferably before August 1985. 

(, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 



l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

Award of contract 
Fielding to Addis Ababa 
Completion of field work 
Completion of draft final report 

REPORT 

A 
A + 0.5 months 
A + 2.0 months 
A+ 3.0 months 

The draft final report in English (two copies) summarising the 
output of the field assignment will be submitted to UNIDO and 
!PS within one month after the field work. Five copies of the 
Final report will be submitted to UNIDO within 30 days after 
receipt of UNIDO comments. 
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ANNEX 2: LIST OF PERSONS MET 

United Nat.ions 

Mr. Vencatachellum - UNIDO SIDFA 
Mr. s. Piazzi - UNIDO Programme Officer 

Development Projects Study Agency (DPSA) 

Ato Getinet W/Giorgis - General Manager 

Ministry of Industry 

Ato Tadewos - Vice Minister 

Ministry of Agriculture 

Ato Haile Mariam Lemma - Acting Head, Rural Technolog~ 
Development Department 

Ato Debela Dinka 

Ato Abdi 

- Head, Agricultural Devel pment Office 
for South Eastern Zone 

- Head, Rural Technology Centre, Assela 

National Metal Works Corporation (NMWC) 

Ato Yeheyes Assefa - Head Off ice 
Ato Getacheu - Head Office 
Ato Medhane Gebrehiwet - Head, Commercial Department 

Industrial Projects Service (IPS) 

Ato Bruck Kebede - General Manager 
Ato Kifle Gebre - Deputy General Manager 
Ato Kifle Mariam - Deputy General Manager 
Ato Gebre Kiros Habtu - Leading Engineer 
Ato Negash Tekeste - Leading Engineer 
Ato Elias Tesheberu - Senior Project Analyst 
Ato Menbere Taye - Senior Project Analyst 
Ato Til~hun Jabessa - Engineer 
Mulumebet Jembere - Project Analyst 
Mr. A. Heinemann - UNIDO Associate Expert 

Ethiopia Transport and Construction Authority (ETCA) 

Ato Alemayehu Ambo - Acting Head, Monitoring and Evaluation 
Branch, and ConsultaDt to IPS for Low-Cost 
Vehicles Project 

Mr. R. Cahuon - ILO Chief Technical Advisor to pilot 
project on labour-based road construction 

f, 



Addis Tyre Co. 

General Manager 
Technical Manager 

Akaki Iron and Steel Works 

Ato Yilma Haile - Technical Head 

Automotive Manufacturing Company of Ethiopia (AMCE) 

Ato Tewolde Tekie - General Manager 

Ethiopia Metal Tools Factory (EMTF) 

Ato Mehari Abraham - Technical Manager 

Ethiopia Tractor and Agricultural Equipment Plant 

Ato Damtew G/Giorgis - General Manager 

Kalliti Steel Industries (KASI) 

Ato Fisseha Seyoum - Technical Manager 

SACA Auto Supply Parts PLC 

Ato Ayalew Tessema - General Manager 

Consultants 

Discussions were also held with the following short-term 
consultants who were in Ethiopia at the time of my visit and 
were able to provide useful inputs on specific aspects of the 
study: 

Professor M. O'D~noghue - UNIDO consultant to the Ministry of 
Industry, who advised on industrial 
development aspects of the study 

Mr. E. Chard 

Dr. R. Bowen 

- UNIDO consultant to !PS who advised 
on the state of the plastics industry 
in Ethiopia, and the potential for 
local manufacture of plastic moulded 
components 

- forestry consultant, who advised on 
the availability of timbe ... in the 
country. 
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Other Inquiries 

Durin<] my visit, various m1..,mbers of the project team held 
meetings with government departments and other organisations to 
obtain information relevant to the study: 

Minist:y of Agriculture - various sections 
Ministry of State Farms 
National Metal Works Corporation - Sales Department 
National Statistics Off ice 
Road Transport Authority 
Municipial Authorities 
Project Team implementing the 'FATA' Spare Parts 

Factory Project 
Bicycle Import Agents and Suppliers 
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REFERENCES SPECIFIC TO ETHIOPIA USED IN THE STUDY 

1. Review of Market Data - prepared by IPS project team as 
working document for the low-cost vehicles study - 1985. 

2. Schetty, K.R. Feasibility Study of Bicycle Manufacture in 
Ethiopia, 1982. 

3. Outline Proposal for Bicycle Assembly Plant in Ethiopia -
prepared by delegation from Tianjin Economic Development 
Corporation, Peoples' Republic of China, 1985. 

4. Transport and Mobility in Addis Ababa 1982 - 2000 -
prepared by Cesen-Ansaldo/Intermeccanica Group for Ministry 
of Mines and Energy, 1985. 

5. Et~iopia Foreign Trade Statistics for the years 1971-1984 
( xcluding 1973). 

6. Rehabilitation Study of Ethiopian Metal Tools Factory -
prepared by McKellan Ltd. for Ministry of Industry 1985. 

7. F~,sibility Study of Cement Bonded Particleboard Plant, 
Draft Volume 2 - prepared by IPS, 1985. 

8. Feasibility Study of Expansion of AMCE Truck Assembly/ 
Manufacturing Plant - prepared by Fiat/Iveco 1985. 

9. Feasibility Study on Establishment of Spare Parts Factory -
prepared by SWECC for Ministry of Industry, 1982. 
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ANNEX 4: BRIEFING NOTE - RANGE OF LOW-COST VEHICLE OPTIONS 

Prepared by t112 Consultant upon arrival in Ethiopia. 

This note lists the range of vehicle options that will be 
considered in the market/demand assessment to identify specific 
types of vehicles appropriate to conditions in Ethiopia and to 
local assembly/manufacture, and presents a preliminary 
classification of those vehicles. 

1. Vehicles Listing 

The te~ms of reference for the consultant define the following 
range of vehicle options to be considered: 

Animal drawn carts and carriages; 
Bicycles; 
Tricycles; 
Motor cycles and Scooters; 
Motor cycles with sidecars; 
Three-wneeled vehicles, vans. 

To ensure completeness during the initial assessment of 
vehicle types appropriate to Ethiopia, I propose the following 
additions to and interpretation of this listing; 

i) The complete range of low cost vehicles includes, at 
the simplest, cheapest level, aids to carrying, pack 
animals, sledges, wheelbarrows, handcarts etc. The 
current project should not address those simple 
devices which can only sensibly be made at 
village/ca1penter/blacksmith level. However I 
suggest that we do include wheelbarrows and 
handcarts since it is feasible to consider a metal 
working industry making wheel/axle assemblies for 
these and distributing them to cottage industries 
etc. for building into complete vehicles. 

ii) The scope of pedalled vehicle investigations should 
be extended to include two-wheeled bicycle tr~ilers. 

iii) The Terms of Neference specifies motor cycl~~ witl1 
sidecars and 3-wheeled motor vehicl 1•c; Ivans. I 
suggest we re-classify these load-cdrrying motorised 
means of transport as follows: 

l. Attachments to motor ··yclt.•:.;, i.,,. <lt'VJ<'f·:; ..... 11ir·!1 
can be fitted to a 1,11_)':or cycle, to increase its 
load carrying capacity, witho11t modific.1tion c)f 

the basic vehicle: 

sidecars 
trailer 
2 wheeled van/pick up 1:uriv1•rsion. 

' 



2. Adaptations of motor cycles, i.e. vehicles which 
start with a motor cycle as the basis, but 
involve adaptation to convert it into a 3-
wheeled load carrier. 

3 Purpose designed and built 3-wheeled loa~ 
carriers. Here we should distinguish between 
those designed for urban use, and those more 
suited to rural operation. 

iv) For initial analysis we should include single axle 
tractors and trailers, though their relevance is 
critically dependent on the suitability of single 
axle tractors to Ethiopian agriculture. 

v) The complete range of low-cost vehicle options 
includes four-wheeled motor vehicles which are "ll·v 
cost" in the sense that they are less expensive thei:i. 
conventional motor vehicles: 

basic pick up powered by single 
cylinder diesel engine (as used in 
South Korea and Thailand); 

Basic Transport Vehicles (BTV) of 
the l.ype found in the Philippines 
and some other parts of Asia. 

This gives ~1e following vehicle listing: 

1. Wheelbarrow 
2. Handcart 
3. Animal drawn cart and carriage 
4. Bicycle 
5. Tricycle 
6. Bicycle and trailer 
7. Motor cycle 
8. Moped/Scooter 
9. Motor cycle and trailer 

10. Motor cycle and sidecar 
11. 4-wheeled motor cycle conversion 
12. Motor cycle based 3-wheeler 
13. Uroan 3-wheeler 
14. Rural 3-wheeler 
l 5. 
I 6. 
17. 

Single axle tractor and trailer 
Diesel engine 4-wheeler 
Basic Transport Vehicle (BTV) 

J. Vehicle Classific<Jtion 

lt is usef.ul to have a preliminary cldssific>1tior1 of the 
vehicles in terms of ch:iract~ristics rel1_~vc1nt t<) the market 
study and to introduction of the technoloqy. 
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Location of Use 

The IPS proposal to NMWC states that the study will 
encompass both urban and rural transportation. It 
is necessary, for analysis of vehicle applications, 
to define these terms in more detail and I suggest 
we use the following categories: 

1. Intra-Urban 

2. 

Urban centres which are sufficiently large to hnve 
a significant demand for transport within the 
urban and peri-urban aren. e.g. for movement of 
peop!e to and from work, and for collection, 
delivery and distribution of goods. 

Long-distance Transport 

There is a demand for long distance transport 
either inter-urban, linking major urban centres, 
or linking a major urban centre with a large, 
surrounding rural region. Long distance 
transport, (let us say greater than SOkm one 
way) is generally not a suitable application for 
low-cost veh~cles, but there are isolated 
exceptions. 

3. Rural 

4. 

Local transport linking villages, connecting 
villages to small towns and markets, or feeding 
into the major road network where long-distance 
services operate. Generally there is only 
limited demand for transport within the bounds 
of a small town/market and vehicles that serve 
this need will usually also operLlte in the 
surrounding rural area. 

On-Farm 

This is a particular element of rurnl transport 
but is worth classifying separately. It 
includes transport in and nround vil l,1ges, 
between village and field and between village 
rtnd roadside, primarily for agriculturnl ilnd 
household requi1ements. Its main chrffiicteristic· 
is that much of it takes place remot1~ from the 
roild network. 

It is useful 
carry people, 
thdt do lYJth. 

to di8tinr1uish 
vehicles that 

bet w1•e11 V!!h i "I "S 

cc1rry lJ<Jods, iln<l 
U1<1t 

t hnsf> 
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• 
iii) Ownership and Use I 

Some vehicles will primarily be used by their owners I 
to meet personal/family requirements. 

Others are most likely to be operated for hire 
providing services for the transport of goods or I 
people. 

v) Source of Technology 

While the local assembly/manufacture of certain types 
of low-cost vehicle will require some form of 
collaboration with an overseas source of product or 
production technology, others can be produced 
independently of such collaboration. 

The accompanying table presents a classification of the 
vehicles under consideration. 

Notes on Table 

(1) rural use restricted ta reasonable quality of roads 

(2) transport of passengers is feasible, and common in Asia, 
but may be unacceptable for social reasons. 

(3) independent manufacture refers to the 
attachment/adaptation, not to the original vehicle that 
provides the source of power. 

(4) not ideally suited to passenger carrying. 

(5) could be manufactured independently, but would require 
significant development work. 

( 6) can be used in urban areas (as is done in Sri Lanka) but 
expensive and inefficient. 
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- - - - - - - - - - - - - - - - - - -

LOCATION LOADS USE MANUFACTURE 

Intra- Long Rural On-Farm People Goods Personal Service Inde- Colin-
Urban Distance pendent boratio 

v.;heelbarrow x x x x x 
Handcart x x x x x 

Animal drawn cart/ x x x x x x x 
carriage 

Bicycle x x x x limited x x 

Tricycle x ( 1 ) ( 2 ) x x x 
Bicycle and trailer x x x x x x x ( 3) 

l'-1otor cycle x x x x limited x x 

~oped/scooter x x x x 
Motor cycle anJ x x x x x x x ( 3) 

trailer 
"tot or cycle and x x x x x x ( 3) 

sidecar 
4-wheeled motor x x x x x ( 3) 

cycle conversion 
:--1otor cycle basej x x x x x ( 3) 

3 wheeler 
Urban 3-wheeler x x x x x 

H.ural 3-wheeler x x ( 4 ) x x x ( 5 ) 

s,.:-..xle Tractor and ( 6) x x ( 4 ) x x x 
trailer 

Diesel-engined x x x x x ( 5) 

4-wheeler 
:1asic Transport x x x x x x x 

Vehicle 

""" 
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ANNEX 5: MATERIAL COSTS 

The main local 1 y suppl iL'd motcrials wi 11 bt· Wl'ldvd mi lei st<'•'l 
tube from K.1lliti (or Ak;1ki) and mild stcr'l sheet from Kalliti 

Kall1ti make the complete range of tube siZl'S required for low
cost vehicles (cxcc·pt very small tube for moking bicycll' hr.:1k\' 
components). Tube wi 11 be required in two specific,"'.tions: 

formc'd from colc rolled strip (prim,1rily for i)icycl 1 • 

f r a nH' ) 

formed from !~ot,_ _ _!:"o_l_J~~~l strifl. 

The cur rent K.:i 1 lit i Sal C'S pr i CC' r or tub.' r Or-111•.'d r rum hot r-\) 1 l · '<.i 
slip is between 2250 ancl 2300 B1rr,tunn.·. 

Bilscd on most rcc•_'nt import f'rict's, cold rol l•'d !:trif' is ;1ixi,;t 

160 Birr/tonne more' l'Xf>t'n'.;iv•• th<'ln hot roll•'d stri[l. Sine•· th·· 
tube making proccs!; is ic1cntical, the' cost as!;ur111•d for tube· 
supplied by Kalliti from coLsJ rolled ~;trip i!; 2S_Q_Q __ J:!_i_r:_I.c~t_S2IH_l~'· 

M i 1 d S t cc 1 Sh cc t l s r c q u i r c d i n t h r ,-. , · '.;pc c i ! i c .1 t 1 on !-i : 

Hot Hollcd 
Cold Hollcd 
Cold Hollcd Annealed 

- for fabric,1tion 
- for pr(•ssforminq 

for prt''.; :; form i nq 
d r«11r; i r.q. 

Fur h~_!:- rolled sheet curn'nt K;llliti pric"s r:rnq(' from 1'!60 
Rirr/tonnr> to 2070 Birr/tonne'. An addition.-il 200 Birr/tonn<' Jc; 

allow<·d for cold rolled sh•'Ct ,1nd 100 Birr•tonn<' for ann•'<ilinu. 
No allowance is m;1dc for providinq the• s:11·•·t in '.;],t coil forni 
since this operation simply rr'pl.1cr•s tlw op•'r,-ition of cuttin<: 
widr· coi 1 into shf••·t:.; ;1t Kill liti. ll•'nC•' the• pric1'S '-J';r•d :1n·: 

11 n t r o 1 1 ( · d ;; h • ", t 
Cold roll•'cl :;h'"'t 
Cold rol l··d ,-1r1i1f·,-1l1'd :-;l1•'"t 

)()(l(J Bi rr/tunn•· 
22011 Bi rr/toI\!1" 
) ~1111 f',i 1r/tor1r1·· 

l·'o;im '.illpf>l i1·d I !()fl' l·:thi()-] .. 0.111; <·111 t rJ :·.1/" .ind :;!1.lf"' I r>r 
11 p h () l:; t' , r y i ,; ' · : ; t i n: ,-1 t • , d .i t l B i r 1 • f JI 1 , c" . 

lfllf><>rt.•'d :11<1t. .. ri<ll (<):·!;;.II"<' l;;i:;.•d r>11 th·· lll<J:;t r 1 ·r ·, ·r1 t , 1 r1r I 
• ., 111 : 1_ •• 1 I • · 11 t '! 11 r > t • ·:; r . ·' • · • 1 ,_. • , r I ! , ·,- t r 1 • · I' 11 r < • i 1. 1 : ; 1 11r1 Ji I\! i :·.I r>tl rJ! 

tllt':; .. c:11-· r·<i'..t:; di" .1rJd .. ,j tl1" l"llriw1:.r: 

I i 



Duty at 200 Birr/tonne 
Transport, Assab-Addis Ababa at 225 Birr/tonne (tased on 

12. Sc per tonne km). 

No allowance is made for transaction tax since it is assumed 
that this will be charged on the finished products, not on the 
imported raw materials. 

Prices of imported steel materials are as follows: 

Bright finish mild 
steel bar 

1225 Birr/tonne CIP 1650 Birr/tonne 
Addis Ababa 

Black finish mild steel 950 Birr/tonne CIF 
round and hexagon bar 

1375 Birr/tonne 
Addis Ababa 

Small diameter mild 
steel wire 

Hard bright wire 

Carbon steel tube 

Small diameter steel 
tube 

Assume 2000Birr/tonne Addis Ababa since 
there will be some premium over larger 
diameter bar. 

Based on current 
world prices 

Based on current 
world prices 

3000 Birr/tonne 
Addis Ababa 

2750 Birr/tonne 
Add is Ababa 

3000 Birr/tonne 
Addis Ababa 

Prices of imported plastic materials are as follows: 

Plastisol PVC 
Acrylic 
Thermoplastic Polyurethane 

CIF 
1600 Birr/tonne 
3100 Birr/tonne 
3100 Birr/tonne 

Addis Abaha 
2025 Birr/tonne 
3525 Birr/tonne 
3525 Birr/tonne 

Vinyl Leather Cloth - estimated at 5 Birr/piece. 

Process materials are estimated as follows: 

Brass for brazing 

Paint 

Weldin~J Wire 

2400 Birr/ tonne 

5 Birr/bicycle frame 
6 Birr/motor cycle 
2 Birr/cart 
5 Birr/cycle trailer 
8 Birr/sidecar 

l .fl Birr/bicycle 
4 Birr/motor eye],. 

.5 Birr/c;1rt 
3 Bi r r / c ye 1 e t u1 i I er 
4 Birr/sidecdr 
J Bi r r /pi ck up/ v ;J 11 <1 t : , w h men t 
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Process materials for plating are estimated for the complete 
facility, and then subdivided to different operations. 

Salts and Chemicals 
Anodes 

45,000 Birr/annum 
4,500 Birr/annum 

' 
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ANNEX 6: COMPONENT ANALYSIS OF STANDARD ROADSTER BICYCLE 

1. The attached chart details the individual components that 
go to make up a standard roadster bicycle. For conveni~nce 
the bicycle is broken down into a series of sub-assemblies 
which constitute the functional elements of the bicycle. 
Each sub-assembly has a 1000 number; 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 

Frame Set 
Handlebar Set 
Brake Set 
Front Mudguard Set 
Rear Mudguard Set 
Front Wheel Set 
Rear Wheel Set 
Transmission Set 
Saddle Set 

2. Groups of components which form perm<tnently joined sub
assernblies (i.e they are welded, brazed, rivetted, etc, 
together) are defined as a sub-group. The sub-group is 
given a 100 series number, e.g. The brazed main frame is 
given the sub-group number 1100. It is made up of the 
components 1101, 1102, 1103 etc. 

3. Where an identical component appears in more than one sub
group only a single component number is used. However the 
component is listed under each sub-group in which it 
appears. 

4. Tt1c components included in the nine sub-assemblies make up 
the minimum basic specification of the roadster bicycle. 
Accessories which can be added to the basic specification 
are listed under Sub Assembly 10,000. Each accessory is 
given a sub-group number. 

5. The standard roadster bicycle can be built in different 
frame sizes with no changes in the numbers of components. 
However the dimensions of the following components will 
vary according to the size of the frame. 

Item l 1 (J 2 Seat Tu he 
Item l 104 Head Tube 
Item 1201 Seat Stay L.H. 
Item 1202 Seat Stay R. II. 
Item 1307 Fork Columr~ 

Jri each case the length of the component variPs according 
to frame size. All other dimensions of lht'S•.> comporlf~nts 
;ir., 11nch<1n<J'!d. 

' 



6. There are two possible variations on the basic roadster 
fr:ime: 

i) Double top tube model 

I 

I 
I 

This requires the following changes in the component 
listing: I 

delete 
add 

ii) Ladies model 

Item 1108 
Item 1131 
Item 1132 
Item 1133 

BottoP' Head Lug 
Double Head Lug 
Intermediate Tube 
Intermediate Lug 

I 
I 

This requires the following changes in the component 
listing: I 

delete Item 1105 Top Tube 
1106 Seat Lug 

I 
add Item 1133 Intermediate Lug 

1142 Ladies Seat Lug 
1143 Cross Tube I 

' 

1000 Frame Set Sub Assembly Components 
I ! 

1100 - Sub Group - Main Frame 
1101 Bottom Bracket 
1102 Seat Tube 
1103 Down Tube 
1104 Head Tube 
1105 Top Tube 
1106 Seat Lug 
1107 Top Head Lug 
1108 Bottom Head Lug 
l lU{_;j Top Tube Liner 
111 () Down Tube Liner 
1111 Seat Tube Liner 
1112 Chain Stay L.H. 
1113 Chain Stay R. II. 
1114 Chain Strty Liner 
111 5 I·'ork End 
11 l {; Chainstay Hridge 

.17 Pump Pegs 
I J J b Hivettiny l'eqs 
I l 1 9 J{adc_i1~ 

11 2U Hi vets 
I I 2 l Trcinsft!rs 

No. off/bicycle 

1 
1 
1 
1 

1 
1 
l 
1 
2 

I 
(Front) 2 

2 
I 
/. 

I " 
I 
/. 
/. 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 

' 

I 
I 
I 

I 

' 

No. off/bicycle 

1200 - Sub Group - Seat Stay 

1201 - Seat Stay L.H. 
1202 - Seat Stay R.H. 
1203 - Seat Stay Bridge 

1300 - Sub Group - Front Fork 
1301 Fork Blade L.H. 
1302 Fork Blade R.H. 
1303 Fork End 
1304 Fork Crown 
1305 Fork Blade Liner 
1306 Fork Crown Insert 
1307 Fork Column 
1308 Fork Column Liner 
1309 Fork Column Ring 

1401 Bottom Ball Race Seating 
1402 Top Ball Race Seating 
1403 Ball Race (Inner) 
1404 Bottom Ball Race (Outer) 
1405 Top Ball Race (Screwed) 
140b Lamp Bracket 
1407 Locking Nut 
1408 Balls 

14ll Seat Bolt 
1412 Seat Nut 

1421 Chainstay Bolt 
1422 Chainstay Washer 
1423 Chainstay Nut 

2000 l:landlebar~et Sub Assembly 

2100 - Sub Group - Handlebar 
2101 - Handlebar 
2102 - Handlebar Lug 
2103 - Handlebar Stem 

2200 ·· Sub Group - L. H. Brake Rod 
2201 Brake Tab Rear 
2202 Brake Rod Rear 

2300 - Sub Group - H.B. Brake Rod 

2 30 l 
2 30 ;• 

2401 

13rake Tiib l-'ronl 
Hr<ike kod Front 

Eye Holt 

l 

l 
l 
l 

l 
l 
l 
2 
1 
2 
2 
l 
l 
l 

1 
l 
2 
l 
l 
1 
1 

50 

l 
l 

2 
2 
2 

l 
1 
l 
1 

1 
l 
I 

~ 



-- -- ~ 

T 

~ 
No. off/bicycle I 

2402 Eye Bolt Washer 4 
2403 Eye Bolt Nut 4 I 2404 Lever L.H. l 
2405 Lever R.H. l 
2406 Lever Spring 2 

I 2407 Lever Washer 2 
2408 Lever Nut 2 
2409 Expander Bolt 1 
2410 Expander Bolt Washer 1 I 2411 Expander Bolt Cone 
2412 Handlebar Grip 2 

I 
3000 Brake Set Sub-Assembly Components 

I 3100 - Sub Group - Front Brake Stirrup 1 
3101 Brake Tube Connector 1 
3102 Front Brake Tube 1 I 3103 Brake Stirrup Connector 
3104 Brake Stirrup 1 
3105 Stirrup Pin 2 

I 3200 - Sub Group - Rear Brake Li'lkage 1 

*3101 Brake Tube Connector 1 I 3202 Rear Brake Tube 1 
3203 Tube Connector 1 
3204 Grub Screw 1 I 3205 Lever L.H, 1 
3206 Lever R.H. 1 
3207 Rivets 3 

I 3208 Long Brake Rod 1 
3209 Bell Crank L.H. 1 
3210 Bell Crank R.H. I 
3211 Short Brake Rod 1 I 
3300 - Sub Group - Rear Brake Stirrup 1 

*3101 Brake Tube Connector I 3302 Short Brake Tube I 
*3103 Urake Stirrup Conner:: tor l 

I *3104 Brake Stirrup 1 
*3105 Brake Stirrup Pin 2 

3401 Draw Bolt 3 I 3402 Draw Nut .3 
3403 Draw Washer 3 
3411 Hriike Shoe ·1 

I 3412 Hrrtke Block 4 
3413 Holt 4 
3414 Nut 4 

I 
I 

'•, 

' 



--..-----~------~ 

I 
I No. of £/bicycle 

3415 Washer 4 

I 
3421 Brake Clip Outer 4 
3422 Brake Clip Inner 4 
3423 Clip Screw 4 
3424 Clip Nut 4 

I 3425 Clip Washer 8 

I 3431 Lever Bolt 1 
3432 Lever Nut 1 
3433 Lever Washer 1 

I 3441 Bell Crank Bolt 1 
3442 Bell Crank Nut 1 
3443 !Jell Crank Washer 1 

4000 Front Mudguard Set Sub Assembly Components 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4100 - Sub Group - Front Mudguard 

4101 Front Mudguard 
4102 Mudguard Bridge 
4103 Mudguard Stay 
4104 Mudguard Stay Nut 
4105 Mudguard Tab 
4106 Front Mudguard Clip 

4201 Front Mudguard Set Screw 

5000 Rear Mudguard Set Sub Assembly Components 

5100 - Sub Group -
*4102 
*4103 
*4104 
*4105 

5106 

Rear Mudguard 
Mudguard Bridge 
Mudguard Stay 
Mudguard Stay Nut 
Mudguard Tab 
Rear Mudguard clip 

5200 - Sub Group - Reflector 

5201 Reflector Body 
5202 Reflector <31 ass 
5203 Bo 1 t 

5301 l~•!ar Mud<J U<i rd clip 
5302 He.-ir Mud9uard Bolt 
5303 Hi~ar Mudquiird Nut 
5304 Hear Mudquard Washer 

' , 1, 

1 

l 
1 
2 
2 
2 
1 

1 

1 
I 
2 
2 
2 



No. off/bicycle 

5311 Reflector Nut 

6000 Front Wheel Set Sub-Assembly Components 

6100 - Sub Group - Pront Hub 
6101 
6102 
6103 
6104 
6105 

6201 
6202 
6203 
6204 
6205 
6206 
6207 
6208 
6209 
6210 
6211 
6212 
6213 
6214 

7000 

7100 
7101 
7102 

*6103 
*6104 
*6105 

7106 
7107 

7200 

7201 
7202 
7203 
7204 
7205 
7206 
7207 
72U8 

Rear Wheel Set 

- Sub Group -

- Sub Group -

Hub Barrel 
Spoke Flange 
Ball Cup 
Dust Cap Washer 
Oil Clip 

Axle 
Fixed Cone 
Adjustable Cone 
Balls 
Nuts 
Washers 
Spokes 
Nipples 
Nipple Washers 
Him 
Rim Tape 
Tape Clip 
Tube with Valve 
Tyre 

Sub-Assembly Components 

Rear Hub 
Hub Barrel 
Distance Piece 
Ball Cup 
Dust Cap Washer 
Oil Clip 
L.B. Flange 
ILH. Flange 

Freewhe~l 

Body 
Sprocket 
P<Jwls 
Pawl Pin 
Pawl Spri_n<J 
Pawl Wosher 
Cone 
B<1 l Is 

l 

1 
1 
2 
2 
2 
1 

1 
1 
1 

18 
2 
2 

32 
32 
32 

1 
1 
1 
1 
1 

1 
l 
1 
2 
2 

l 

l 
2 
2 
7. 
2 
) 

J!lH 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 

' 

I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

No. 

7301 Axle 
7302 Fixed Cone 
7303 Adjustable Cone 

*6204 Balls 
7305 Nuts 
7306 Washers 

*6207 Spokes 
*6208 Nipple 
*620') Nipple Washer 

7310 Rim 
*6211 Rim Tape 
*6212 Tape Clip 
*6213 Tube with Valve 
*6214 Tyre 

8000 Transmission Set Sub-Assembly Components 

8100 - Sub Group - Chainwheel and Crank 

8101 
8102 

Chainwheel 
Crank R.H. 

82UO - Sub Group - Chain 

8201 Inner Plate 
8202 Bush 
8203 Roller 
8204 Outer Plate 
8205 Bearing Pin 
8206 Connecting Pin 
8207 Spring Clip 

8301 Pedal Tube 
8302 Ball Cup 
8303 Pedal Rubber 
8304 Stretcher Bar 
8305 Pedal Plate 
8306 Balls 
8307 Pedal Axle L. fl. 
8308 Pedal Axle R. II. 
8309 Pedal Cone 
B310 Washer 
8311 Axle Nut 
8312 Dust Cap 
8313 Stretcher Bar Nut 
H314 Sprinq Lock Washer 

off/bicycle 

1 
1 
1 

18 
2 
2 

40 
40 
40 

1 
1 
1 
1 
1 

1 
1 

1 

112 
112 
112 
112 
111 

2 
1 

2 
4 
4 
4 
4 

48 
l 
I 
2 
2 
2 
2 
H 
H 



8321 Axle 
8322 Fixed cup 
8323 Adjustable Cup 
8324 Locking Ring 
8325 Balls 
8326 L.H. Crank 
8327 Cotter Pin 
8328 Nut 
8329 Washer 
8330 Spring Washer 

9000 Saddle Set Sub-Assembly Components 

9100 - Sub Group - Saddle 

9201 

10000 ACCESSORIES 

10100 
10200 
10300 
10400 
10500 
10600 
10700 
10800 
10900 

Seat Pillar 

Pump 
Luggage Carrier 
Stand 
Chain Cover 
Bell 
Lighting Set 
Mud Flap 
Lock 
Tool Kit 

No. off/bicycle 

1 
1 
1 
1 

22 
l 
2 
2 
2 
2 

1 

1 

1 
l 
l 
1 
1 
1 
2 
l 
1 

I 

I 
1. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 
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ANNEX 7: ASSEMBLY OF LIICYCLE 
FROM SKD KIT 
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ANNEX 7: ASSEMBLY OF BICYCLE FROM SKD KIT 

Table l lists the form in which the components wi 11 be supplied 
to assemble one complete bicycle from an SKD kit. The kit, and 
the assembly process, is exactly the same whether the bicycle 
is a single top tube, double top tube or ladies type, since the 
frame is supplied complete. For the same reason the assembly 
process is identical for different sizes of bicycle. 

The main elements of the assembly procPss are: 

1. Unload crates at factory site; 

2. Check contents of crates and separate to store (report any 
errors or shortages for remedirtl act ion); 

3. Uatch components for sub and final assembly operations and 
deliver to appropriate work stations; 

4. Prepare sub-assemblies 

Handlebar Sub-Assembly (2UOU) 

Brake Sub--Asseml:JJ y (see detailed chart) 

Wheel Sub-Assembly and Truing (6UUO and 7000) 

Pedal Sub-Assembly (8301-8314) 

Frame Sub-Assembly (1100 + hertd cups, pedcil axle 
and cranks) 

5. final assembly 

b. Check and pack 

7. Deliver to final store 

~. Despatch to customers. 

' 



----

l 
TABLE l CONTENTS OF SKD KIT FOR BICYCLE ASSEMBLY I 
Component/ Qty/Bicycle Component/ Qty/Bicycle 

I Sub-Group No. Suh-Group No. 

1100 1 3431 l 
1200 l 3432 l I 1300 l 3441 1 
1401 1 3442 1 
1402 1 3443 1 I 1403 2 4100 1 
1404 l 4201 l 
1405 1 5100 l 

I 1406 l 520() 1 
1407 1 5301 l 
1408 50 5302 l 
1411 l 5303 1 I 1412 I 5304 l 
1421 2 5311 l 
1421 2 6100 1 

I 1422 2 6201 I Front h ll r, 
1423 2 b~02 1 ~; 1 lf' f' I I •. 'j 
2100 1 6203 1 • 1:; !) t,• ~! t) } f I : 

11 2200 l 6204 18 
2300 l 6205 2 
2401 4 6206 2 
2402 4 6207 72 I 2403 4 6208 72 
2404 1 6209 72 
2405 1 6210 l 

I 2406 2 6211 2 ~ 
2407 2 6212 2 
2408 2 6213 2 
2409 1 6214 2 I 2410 1 7100 i-, 
2411 1 7301 1. Ht_· .s I t11:t. 
2412 2 7302 l' :; I;! I.! l '.': I 7303 1; d:' :.•. ;;1:' : .. : 
3100 l 6204 18' 
3200 720() 

I 3300 7305 2 
3401 J 
3402 J 
3403 j I 3411 41 !;t1ppl ied 73Ub 3 
3412 4, d!jSPITlblt!d 7 3 1 (J I 
3413 4 HlUO I 3414 4 H200 
3 41 'j 4 H3UI ) 

3421 4 ~no2 4 

I 34 2) ·+ HJUJ 'l 
J4 7.J ·1 HJ()·l , 

't 

J·U4 4 HJU S ·l 
J42'i H HJOI> ·1H I 

I 
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8307 
8308 
8309 
8310 
8311 
8312 
8313 
8314 
8321 
8322 
8323 
8324 
8325 
8326 
8327 
8328 
8329 
8330 
9100 
9201 

Accessories 

To suit market 

l 
l 
2 
2 
2 
2 
8 
8 
l 
l 
l 
l 

22 
l 
2 
2 
2 
2 
l 



Table 2 details the sequence of assembly operations (items 4-6 
above), the components added at each stage, and the estimated 
direct labour time for each operation. The labour times quoted 
are based on a reasonable working pace under Ethiopian 
conditions. 

Uased on the capacity of 12,500 units per annum with an 
operating efficiency of 80% (i.e. basing the calculations on 
each worker contributing 7.5 min work per bicycle), a direct 
labour force of fourteen persons is required, with the work 
organised as follows: 

i ) A sub-assembly area with three work stations 

Frame sub-assembly (ops 01-03) 1 worker 
Wheel sub-assembly (ops 31-Jb) 3 workers 
Handlebar, brake (ops 11-14, 3 workers 

and pedal sub 21-22, 
assembly 41-44) 

ii ) A final assembly line with SlX work stations 

Assembly station 1 (ops 51-52) l worker 
Assembly station 2 (ops 53-55) l worker 
Assembly station 3 (ops 56-57) l worker 
Assembly station 4 (ops 58-59) 1 worker 
Assembly station 5 (ops 60-62) J work•:r 
Checking and (ops 63-64) 2 workers 

packing 

The sub assembly operations are carried out at benches. The 
operations for the first four final assembly stations are 
carried out with the frame upside down, located by the seat 
tube on a spigot. The most convenient way of arranging this is 
to have a simple track, on which run independent trolleys, each 
with a spigot for locating the frame. The frames are passed 
through the first four final assembly stations mounted on these 
trolleys. When they reach the end of the track, the frames 
are removed and the trolleys returned to the start of the track 
by a gravity feed. It is necessary to have an excess of 
trolleys. and each must be fitted with a simple brcike so it can 
be locked in position at eiich assembly station. The fifth 
assembly 5tation requires the frame to be turned upri9ht and 
mounted in a stand. Similarly the completed bicycles will he 
located in stands for the checking operation. 

Components are issued from the component slon~ in batched s1.•ts, 
on rurpose-huilt wheeled r<icks, to each work station. lf 
batched sets are supplied twice daily, each work st;cition nepds 
two supply racks each holding 2S sets of fJdrts (one rrick llf•iriq 
worked from, the other beirHJ filled). The s11h-as~;t>111bly 
stCc1tions work one <L1y in ridv<111c1~ of fit1<1l .is~;1•mhly to ,-ivrJid 
~;hortages in supply. Completed suh-d~:;~H!mbl ies nr" suppl ii>d 
direct to the dppropriate fin<1l dsS•~ml>Jy stiltic>11, <1'Jilln 'Hl 

T 
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purpose-built racks - each sub-assembly work station requires 
at least three of these racks. 1he detailed equipment require
ments for the assembly process are: 

Sub Assembly Area 

i ) 

ii ) 

iii ) 

Frame sub-assembly ( l worker) 
1 bench 
1 hand press 
2 vices 
l cup spanner 
l lockring spanner 
l hammer 
] spanner 
l file (for filing cotter 

pin to size) 

Wheel sub-assembly ( 3 workers) 

l bench 
l wheel stand {to hold hub 

while asssembling whee I ) 
l pneumatic screwdriver 
1 truing stand 
1 !iJldllrlPT 

l nipple key 
l tyre fit ti r.g bench 
l tyre roller 
l pneumatic tyre inf la tor 

2 
1 

2 
3 

2 

mobile supply rac~s 
f i x ed rack , ( to 
store frames at 
sta~t of assemhly 
line) 

mobile supply racks 
mobile delivery 
racks (to final 
assembly) 
fixed racks {to hold 
wheels between assembl' 
and truing, and tr1ino 
aml tyre fittiny 

Handlebar, brake and pedal sub-assembly (3 workers) 

3 benches 
3 vices (one each for 

handlebar, brakes 
and pedal) 

I eye nut inserter 
1 tommy bar 
2 screwdrivers 
4 sp<inners 
J hand press 
I cone spanller 

2 mobile supply rack; 
b mobile racks for 

de 1 i very to th re•? 
different work 
stntions 

Finnl Assernhly Line 

i ) For assembly stdtiuns 1-4 :1 <Jround level tra<:k, 1r) 

iridept:l!dent trolleys, i!!l<l <1 ' . .iravity feed troll1.·y 
rct 11 rr1. 

' 



ii) Assembly station (1 worker) 

1 pneumatic spanner with 
interchangeable heads 

1 set hand tools 

iii) Assembly station 2 (1 worker) 

1 pneumatic screwdriver 
with interchangeable 
heads 
set hand tools 

iv) Assembly station 3 (1 worker) 

v) 

vi) 

1 pneumatic screwdriver 
with interchangeable 
heads 

1 set hand tools 

Assembly station 4 (1 worker) 

1 pneumatic screwdriver 
with interchangeable 
heads 

1 set hand tools 

Assembly station 5 (1 worker) 

1 bicycle stand 
1 pneumatic screwdriver 

with interchangeable 
heads 

1 set hand tools 

I 

I 
I 

2 mohi le supply racks 

1 

2 mobile supply racks 

2 mobile supply racks 

2 mobile supply racks 
l fixed rack to store 

partly assembled 
bicycles at end of 
track 

I 
I 
I 

I 
2 mobile supply racks I ' 

fixed rack to store 
assembled bicycle 
prior to checking I 

vii) Checking and packing station (2 workers) 

I 
I 

2 bicycle stands 
2 complete sets of 

tools for making 
adjustments to each 
bicycle 

2 mobile supply racks 
racks for packing 
materials 

The assembly process remains unchanged as loca 1 content is 
progressively increased, as all made in components and sub 
groups are delivered to the component stnre from the 
manufacturing sections prior to final assembly. 

I 
I 
I 
I 

' 
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.. - - - - - - - - - - - - - -

TABLE 2: ANALYSIS OF BICYCLE ASSEMBLY SEQUENCE 

,\SSEMBLY OPERATION COMPONENTS TIME PER BICYCLE MINS 
Frame Sub Assembly 

01 Press Head Cups into Frame 1100 l 
1401 l 

0.5 

1402 1 

02 Fit Pedal Axle 8321 l 
8322 1 
8323 1 
8324 l 
8325 22 2 

03 Fit Cranks 8100 1 
8326 l 
8327 2 
8328 2 4 
8329 2 
8330 2 

Deliver t:::; Final . .;ssernbly op.51. 

_L -



Handlebar sub-assembl:z:: 

11 Fit Eye Bolts 2100 1 
2401 4 
2402 4 2 
2403 4 

12 Fit Levers and Brake Rods 2200 1 
2300 1 
2404 1 
2405 1 1. 5 
2406 2 
2407 2 
2408 ..., 

L. 

13 Fit Expander Bolt 2409 1 
2410 1 1 

-~ 2411 1 -
14 Fit Grips 24 l '") 2 0.5 

Deliver Sub i\ssembly 2000 To Final Assembly op.5_~ 

Brakes Sub Assembly 

21 Assemble Front Brake 2100 1 
3401 l 
3402 l 
3403 1 
3411 2 supplied 
3412 2 assembled 
3413 2 1. 5 
3414 2 
3415 2 

----------------------- .... 



- - - - - - -

Deliver Partly Assembled Front Brake to Final Assembly op.54 

22 Assemble Rear Brake 3200 l 
3300 l 
3401 2 
3402 2 
3403 2 
3411 2 supplied 
3412 2 assembled 
3413 2 
3414 2 
3415 2 

Delivery Partly Assembled Rear Brake to Final Assembly op.56 

l1neels Sub-Assembly 

31 L. 2 o s e 1 y ;~ s s em b le Front hheel 

32 Locsely Fit ~uts and Washers 

Deliver Fro::.t -,.,·heel to op.35 

"' 

6100 
6201 
6202 
6203 
6204 
6207 
6208 
6209 

6205 
6206 

1"' I 
l supplied 
l'assembled 
l . 

18 
32 
32 

l 

2 
2 

- - - - - -

3 

3.5 

0.5 



33 Loosely Assemble Rear Wneel 

34 Fit Freewheel and Loosely Fit 
Nuts and Washers 

Deliver Rear Wheel to op.35 

35 Tension and True Wheels 

36 Fit Tyre and Inf late 

Deliver Sub Assembly 6000 
To Final Assembly op.55 
Deliver Sub Assembly 7000 
Tr Final Assembly op.57 

7100 
7301 
7302 
7303 
6204 
6207 
6208 
6209 
7310 

7200 
7305 
7306 

Front Wneel 
Rear ·wheel 

6211 
6212 
6213 
6214 

11 
l :supplied 
l~assembled 

l~J 3.5 
40 
40 
40 

1 

1 
2 1. 0 
2 

l 
l 8 

2 
2 
2 
2 3 

~------------------"" 



- - - - - - - - - - - - - - - -

Pedals Sub Assembly (LH and RH Set) 

41 ?ress Cups into Pedal Tube 8301 2 1 
8302 4 

42 ~it ~xle Balls and Cone 8306 48 2 
8307 1 
8308 2 

43 Fit End Plates and Rubbers 8303 4 
8304 4 3 
8305 4 
8313 8 
8314 8 

1. 
'"t"-t Set Cone. fit Locknut and Cap 8310 2 2 

8311 2 
8312 2 

Del1v0r re.lals to ~inal Assembly op.61 

-



51. Final Assembly 

Frame 
Fit Seat Stay 1200 l 
(do not l:ighten Seat Bolt) 1411 l 

1412 1 2 
1421 2 
1422 2 
1423 2 

52. Fit Front Fork 1300 1 
1403 2 
1404 1 5 
1405 1 
1406 1 

~ 1407 1 
1408 50 

53. E·' it handlebar 2000 2 

54. Fit Front Brake Partly Assembled Fror1 t Brake /. 

5 5 . Fit Front Wheel and ~tudguard 4100 1 
4201 1 
6000 1 4 

___________________ , 
,,,, 



- - - - - - - - - - - - - - - --

56. Fit Rear Brake Partly Assembled Rear Brake 
3431 1 
3432 1 
3433 1 2 
3441 l 
3442 l 
3443 l 

57. Fit Rear i'-ineel and Mudguard 5100 l 
(~eave wheel nuts loose) 5200 l 

5301 l 4 
5302 l 
5303 1 
5304 1 
5311 1 
7000 1 

·- 58. r i L and Tension Chain 8200 1 2 --

59. Fit Brake Clips and Set 3421 4 
Rear Stirrup 3422 4 

3423 4 3 
3424 4 
3425 4 

6 I] • Set Handlebars and Front 2 Brake, and Rear Brake Linkage 

G 1. Fit Pedals !RH, ILH Pedal 2 

b2. fit Pillar and Saddle 9100 1 2 
9200 1 

,., 



63. 

64. 

Check Completed Bicycle 

i) Visual check that bicycle is 
complete, and no damage to 
paintwork 

i i ) v-.·h e e l s 

- bearing adjustment 
- wheel alignment 
- wheels run freely 

iii) Transmission 

1 
.•. \ 

~ J 

- bearing adjustment 
- chain adjustment 
- chainwheel alignment 
- transmission and freewheel 

run freely 

Steering 

- bearing adjustment 
- handlebar alignment 
- fork turns freely 

v ) r:ir a k i n g 

- adjustment of linkage and shoes 
- brake effectiveness 

P~ck and Despatch to store 

- - - - -----, 

14 

l 
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ANNEX 8: MANUFACTURE OF BICYCLE 
FRAME AND FRONT FORK 

f I 
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ANNEX 8: MANUFACTURE OF BICYCLE FRAME AND FRONT FORK 

Local manufacture of the bicycle frame and front fork is 
based on deletion from the imported kit of parts of the 
following sub-groups: 

1100 
1200 
1300 

Main Frame 
Seat Stay 
Front Fork 

To replace them, the following individual components are 
imported as part of the kit: 

1101 - Bottom Bracket 
1117 - Rivetting Pegs 
1119 - Badge 
1120 - Rivets 
1121 - Transfers 

The following components are made locally: 

1102 - Seat Tube 
1103 - Down Tube 
1104 - Head Tube 
1105 - Top Tube 
1106 - Seat Lug 
1107 - Top Head Lug 
1108 - Bottom Head Lug 
1109 - Top Tube Liner 
1110 - Down Tube Liner 
1111 - Seat Tube Liner 
1112 - Chain Stay L.H. 
1113 - Chain Stay R.H. 
1114 - Chain Stay Liner (Front) 
1115 - Fork End 
1116 - Chain Stay Bridge 
1118 - Rivet ting Pegs 
1201 - Seat Stay L.H. 
1202 - Seat Stay R.H. 
1203 - Seat Stay Bridge 
1301 - Fork Blade L.H. 
1302 - Fork Blade .R. Ii. 
1303 - Fork End 
1304 - Fork Crown 
1305 - Fork BJ ade Liner 
1306 - Fork Crown Insert 
1307 - Fork Column 
1308 - Fork Co1umn Liner 
1309 - Fork Column Hinq 

' 



i) 

Table l details the raw material quantities and costs for 
these locally made components. In addition to these direct 
materials, process materials are required as follows: 

Brass estimated @ 1.25 tonnes at 2400 Birr/tonne 
Paint - estimated @ 62,500 Birr per annum 
Welding Wire - estimated @ 20,000 Birr/annum 

Table 2 details the sequence of operations for the 
manufacture of each of the individual components, for the 
preparation of sub-assemblies, and for the assembly and 
brazing of the frame and front fork. The Table details the 
equipment and tooling required, and the labour input per 
bicycle for each operation. Based on this analysis the 
production of bicycle frames and forks will require the 
following manufacturing sections: 

Press forming 
Tube Manipulation 
Frame/Fork Assembly and Brazing 
Painting and Finishing 

Each of these is discussed below: 

Pressformin~ Section. 

This section will contain the equipment for press-forming 
frame lugs and other components, and for the other 
operations to complete these parts. It will also contain 
the wire cutting machine and a spot-welder. 

The total direct operation times for the operations carried 
out in this section are: 

Press forming 686 secs. per bicycle 
Welding 540 secs. per bicycle 
Grinding 260 secs. per bicycle 
Reaming 135 secs. per bicycle 
Wire Straightening 
and cutting 40 secs. per hi cycle 
Spot Welding 30 secs. per bicycle 

Allowing time for tool setting, it would just be possible 
to complete all the pressing operations using two 
mechanical presses. However to suit the requirements of 
the different pressing operations, and to maintain a good 
flow of components through the section, 4 mechanical 
presses will be required. Two weldinc3 sets will h,. 
f•'•Juirt..!J, and one each of a pedestal grinder, pf?dPstdl 
drill and tools (for reaming), a wire straiqhtenir1q and 
cutting machine and d spot. welder. 

! 
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- - - - - - - ------

TABLE 1: RAW MATERIAL FRAME AND FORK PRODUCTION 

Amount/Bicycle Amount/Annum Cost/tonne Cost/annum ~aterial Size kg tonne Birr Birr Source 
ERW Cold Rolled Various Round 
Steel Tube Sections 3.2 40 2,500 100,000 Kalli ti 

Cold Rolled :'-1 i ld 1 • 0 I 1.2 & 
Steel Sheet l.6mm thick 1. 18 14. 5 2,200 31,900 Kalli ti 

Cold Ro 11 ed t\nr.ea 1 ed l.6mm thick 
;::c- ~i ld Steel Sheet 0.6 7.5 2,300 17,250 Kalliti 

\l i 1 d Steel i,.,·i re 3.0mm dia 0.031 0.4 2,000 800 Imported 

,I 



ii ) 

iii) 

iv) 

This section will also require considerable investment in 
production tooling: 

58 Press Tools (include those to make lugs for the 
double top tube model) 

lChainstay Welding Fixture 
l Seat Stay Welding Fixture 

The direct labour force would be organised as follows: 

Pressforming and Wire Cutting 
Welding, Grinding and Reaming 

Tube Manipulation Section. 

3 workers 
3 workers 

The total direct operation times for this section are: 

Tube Cutting 
Deburring 
Slotting 

110 secs/bicycle 
90 secs/bicycle 
12 secs/bicycle 

• 
I 
I 
I 
I 
I 
I 
I 
I 

Thus one of each machine is sufficient, and one worker can 
carry out all operations. I 

Frame Fork Assembly/Brazing Section. 

This section will have two dip brazing furnaces - one for I 
forks and one for frames, and one electrolytic de-brassing 
tank. 

Frame assembly will require 3 fixtures (one for each frame 
size) and a portable electric drill. Also a set of simple 
frame brazing jigs to hold the rear fork ends at the 
correct width, and the correct distance for the seat lug 
during brazing. The frame finishing operations will 
require one frame setting jig, one pedestal drill (for 
machining the seat and head tubes) and a special-purpose 
tapping machine to cut the bottom bracket threads. 

fork assembly will require one fixture, and a gas welder 
for tack welding. Finishing will require a fork blade 
bending fixture. 

Five direct workers will be required in this Section: 

Frame and Fork Assembly 
Brazing 
Frame and Fork Finishing 

Painting and Finishinq Section. 

2 
2 
l 

r,s discussed in the rn<lin text, tlH~H· is ii choice of 
different processes for painting. However whichever method 

l.: 
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is chosen, it is proposed that there be one co~pletc 
painting facility (preparation, paint application, and 
drying/curing) to servE:' nl l products made in the plirnt. For 
bicycle manufacture this section wi 11 be used to pai nl tlw 
frame, fork and seat stay, and apply the badgcs/transf•.•rs 
to the frame. This wil 1 require three workers. 

v) Ancillilry Egui~nent. 

Additional equipment will be required for material hand] iny 
(trays, trolleys etc) and for quality control. 'I'hc latter 

w i 1 I i n c 1 u d c 11 go - no go 11 ch cc k i n g gauges , a f ram L' t cs t i n y r i q 
for opplying i1 standard non-destructive tc•st to scl<'ctcd 
f r,1mcs taken f ram the product ion 1 i rw ,, ftt·r bL1 z i nq, and ,1 

~' i rn i I ,, r r i q for test i n g forks . 

Fin,1lly, it should be noted that one' item - ttw fork column 
- has a thn•ad machined on it. This oper,1tion would b<· 
c.trricd out in the machine shop di~;cu:,spd ~:;ubsc•quentl;;. 



TABLE 2: MANUFACTURE OF BICYCLE FRAME AND FRONT FORK 

1. Pressformed Components 

Component Component Operation Operation 
No. ~ame No. Description 

1106 Seat Lug 1 Pierce & Black 
2 Draw 
3 Bend 
4 Close 

5 Weld 

6 Grind 
7 Ream 

11 iJ7 Top Head Lug 1 Blank 
2 Draw 
3 Bend 
4 Close 
5 Weld 
6 Grind 
7 Ream 

1108 F3ottom Head Lug 
1 Blank 
2 Draw 
3 Bend 
4 Close 

----------, 

Equipment Tooling Operation Tin 
per bicfc1e 

(secs 
Mechanical Press Progression Tool 6 
Mechanical Press Drawing Tool 10 
Mechanical Press Bending Tool 8 
Mechanical Press Closing Tool 

& Mandrel 10 
MIG Welder 
Welding Bench - 30 
Pedestal Grinder - 20 
Pedestal Drilling 
Machine - 45 

Mechanical Press Blanking Tool 6 
Mechanical Press Drawing Tool 10 
Mechanical Press B nding Tool 8 
Mechanical Closing Tool 10 
MIG Welder - 30 
Pedestal Grinder - 20 
Pedestal Drilling 
Machine - 45 

Mechanical Press Blanking Tool 6 
Mechanical Press Drawing Tool 10 
Mechanical Press Bending Tool 8 
Mechanical Press Closing Tool 

& Mandrel 10 

- - - - - - - - ... -



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

5 Weld MIG Welder - 30 6 Grind Pedestal Grinder - 20 7 Ream Pedestal Drilling 
Machine 45 

llC9 Tor, Tube Liner (2-off) 
1 Blank Mechanical Press Blanking Tool 12 2 Bend Mechanical Press Bending Tool 16 3 Close Mechanical Press Closing Tool 

& Mandrel 20 
1110 Down Tube Liner 

l Blank Mechanical Press Blanking Tool 6 2 Bend Mechanical Press Bending Tool 8 3 Close Mechanical Press Closing Tool 
11 11 Se:i.t Tube Liner & Mandrel 10 

1 Blank Mechanical Press As 1110/1 6 2 Bend Mechanical Press As 1110/2 8 3 Close Mechanical Press As 1110/3 10 
1114 Chain Stay Liner (2-off) 

1 Blank Mechanical Press Blanking Tool 12 2 Bend Mechanical Press Bending Tool 16 3 Close Mechanical Press Closing Tool 
with Mandrel 20 

1115 For".::. End (2-off) 
l Blank Mechanical Press Blanking Tool 12 

1116 ~hainstay Bridge 
1 Pierce & Blank Mechanical Press Progression Tool 6 
2 Bend Mechanical Press Bending Tool 8 

~ Ill' 



3 Close 

1118 Rivetting Peg (10-off) 
1 Cut to 

1203 Seat Stay Bridge 
1 Pierce 
2 Bend 
3 Close 

1301/1302 Fork Blades 
1 Blank 
2 Bend 
3 Close 

.. 
4 Weld 

5 Grind 

1303 Fork End (2-off) 
1 Blank 

13()4 Fork Crown 
1 Pierce 
2 Draw 

1305 Fork Blade Liner (2-off) 
l Blank 
2 Bend 
3 Close 

... - ------

Mechanical Press Closing Tool 
& Mandrel 10 

Length Wire Straightening 
& Cutting Machine - 40 

& Blank Mechanical Press Progression Tool 6 
Mechanical Press Bending Tool 8 
Mechanical Press Closing Tool 

& Mandrel 10 

Mechanical Press Blanking Tool 12 
Mechanical Press Bending T'.)Ol 16 
Mechanical Press Closing Tool 

& Mandrel 20 
MIG Welder 
Welding Bench Vice 300 
Pedestal Grinder - 200 

Mechanical Press Blanking Tool 12 

& Blank Mechanical Press Progression Tool 6 
Mechanical Press Drawing Tool 10 

Mechanical Press Blanking Tool 12 
Mechanical Press Bending Tool 16 
Mechanical Press Closing Tool 

& Mandrel 20 

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



- - - - - - - - - - - - -

1306 Fork Crown Insert (4-off) 
l Blank Mechanical Press Blanking Tool 24 

1308 Fork Column Liner 
l Blank Mechanical Press 13lcnking Tool 6 2 Bend Mechanical Press Bending Tool 8 3 Close Mechanical Press Closing Tool 

& Mandrel 10 

2 • Tubular Components 

1102 Seat Tube 
l Cut to Length Tube Cutting Lathe - 10 2 Deburr Deburring Machine - 10 

1103 Down Tube 
~ l Cut to Length Tube Cutting Lathe - 10 
-, 

2 Deburr Deburring Machine 10 -
1104 Head Tube 

l Cut to Length Tube Cutting Lathe - 10 2 De burr Deburring Machine - 10 
1105 Top Tube 

l Cut to Length Tube Cutting Lathe - 10 2 D~burr Deburring Machine - 10 
1112/1113 C'.1a in Stay LH/RH 

l Cut to Length Tube Cutting Lathe - 20 2 De burr Deburring Machine - 20 3 Slot Slotting Machine - 12 4 Bend to shape Mechanical Press 
& x-section 

16 

~ 



1201/1202 Seat Stay LH/RH 
1 Cut to Length Tube Cutting Lathe - 20 2 De burr Deburring Machine - 20 3 Bend to Shape Mechanical Press Bending Tool 16 4 Flatten Ends Mechanical Press Squeezing Tool 24 5 Punch Holes Mechanical Press Pierd ng Tool 32 6 Clip Ends to Mechanical Press Clipping Tool shape 

32 
1307 Fork Column 

1 Cut to Length Tube Cutting Lathe - 10 2 De burr Deburring Machine - 10 3 Thread Lathe Die Box 20 
1309 Fork Column Ring 

1 Cut to Length Tube Cutting Lathe - 10 2 De burr Deburr ing Machine - 10 

3. Sub-Assemblies 

Chai::. Stay 111211113/1114/1116 
1 Insert Liner Mechanical Press As 1201/4 

into Stay & 
Press flat 20 2 Punch Slot Mechanical Press Blanking Tool 16 3 Trim to Shape Mechanical Press Clipping Tool 16 4 Spot Weld Spot Welder - 30 5 Weld Chain MIG Welder 
Stay Assembly Welding Bench Welding Fixture 45 

Seat Stay 1201, 1 1202/ 1203 
1 Weld Assembly MIG Welder Welding Fixture 45 

---------- - - - - - - - - I--
.I 
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Fork Blades 1301/1302/1303 

2 

3 
4 

4. Assembly & Brazing of Frame 

Items 1101-1111 
1118 Chainstay Assy 

1 

2 

3 

4 

5 

6 
7 

8 

9 

-

Insert End 
into Blade & 
Press Flat 
Punch Slot 
Weld 

Mechanical Press 

Mechanical Press 
Welding Bench 

Assemble Components 
1101-1111 in jig 
Drill joints & fit 
pegs 
Assemble chainstay 
to frame, drill 
joints & fit pegs 
Dip Braze Dip Brazing 

Furnace 
De-Brass Electrolytic 

Set frame 
Tap Bottom 
Bracket 
Machine Head 
tube 
Machine Seat 
tube 

, 

De Brassing Tank 

Special Purpose 
Tapping Machine 
Pedestal Drilling 
Machine 
Pedestal Drilling 
Machine 

- - -

Squeezing Tool 

Blanking Tool 

Frame Fixture 

Portable .Drill 
Hand Tools 
Portable Drill 
Hand Tools 

-

Frame Brazing Jig 

Frame Setting Jig 

-

20 
16 
60 

90 

240 

120 

250 

90 
60 

90 

60 

30 

-



5. Assembly & Brazing of Fork 

Items 1301-1309 1 

2 
3 

4 

5 

Assemble components 
into jig 
Tack Weld 
Dip Braze 

De-brass 

Bend blades 
to shape 

Gas Welder 
Dip Brazing 
furnace 
Electrolytic 
De-Brassing Tank 
Fork Bending 
Machine 

~ ~ ------ .-i 

,I 
- - - -

Fork Fixture 60 

60 

90 

90 

60 

- - - .... - -
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ANNEX 9: MANUFACTURE OF TUBULAR AND PRESS FORMED PLATED CYCLE 
COMPONENTS 

This includes the local m,1nufacturc of tlw followinq components: 

1401 Bottom Ba 11 !~ace Seo ting 
1402 Top Ball Ha cc Seating 
1406 Lamp Bracket 
2101 Handlebar 
210 3 Handlebar Stem 
2201 Brake Tab Hear 
2302 Brake Tab Front 
2404 Lever I. fl 
24():) Lever RH 
3102 Front Bruk:~ Tub(• 
3104 Brake :-; t i r r LI p 
3105 Stirrup Pin 
3202 Hear Broke TubL' 
3205 Lever I.H 
3206 Lever H II 
3 2 () 8 Long Brake Hod 
320<) Be 1 1 Crank Lii 
3210 Bell Crank H II 
3 21 I Short Brake Hoc1 
3 3 0 2 Short Brake Tube' 
3 4 11 Brake' Shoe 
3421 Brake Clip Outer 
3422 Brake Clip Inr.cr 
9201 Seat Pillar 

Ta b 1 e 1 de ta i 1 s th c raw rn a t c r i o r q LI a n t i t i e s c:i n d cos ts , for Uk' '.-i'' 

locally made components. In addi~ion, process materials will 
be required for pl<Jtinq: 

Salts and Chemicals 2~,000 Birr/Annum 
Anodes 2,500 Birr/Annum 

T.1ble 2 summarist's the manuf acturiny and asscmbl y opcrcltion:; 
for the components. The press forming is presr•ntcd more brii-·fly 
t ha n i n t h c pre v i o u s An n r 'x , b u t i s b ,1 s c d o n ,. x .1 r~ t 1 :: t h c :-; a rn r • 
<lpproach to the S•'CJUr.'ncr' of OfH'r<ltions. 

The loccll mc1nufactun· or thCS(' componr'nts will r<'(JlJirr' th•_' 
csL1blishment of cl pL1t inq :;cction, with thr• OttH'r O[>c'riltirn;'.; 
bt·ing carried out in th,, SPCtions S[H•ci fi1•rl (or fr-,lfTH' and fr1rk 
production: 

l . Press 1-'orm i ng Sect ion 

Th" t<JL1l direct O[>•·rc1tion 
111 th1!; Sf'Ction ;ir1·: 

f or t t1 •' 

!'res!-; Form1nq 
1..,:. • l d 1 nq 
Crjndinq 

f.40 ~-;r·r'CJTHh/Bicyr·1·· 
lO !>•'C1Jnd'.;/J~icyr~I·· 

f<· ·arnj nrJ 
h'ir(' Striliqht0ninq 

)() ;;"C<Jl1rh/Bir .. y'r·J,. 
~ () :-;1·conrh/Bj eye I•· 

44 Sr•cond:;/BiC'/r·J,, 

',;, 



-:- O.ELE ~~~~~I~~ ~E:ur~E~E~TS - PRESS FORMED AND TUBULAR PLATED COMPONENTS 

i'lateri3~ 
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ur-= 

Cold :..:.:::le: 
~"2e·~ 

~ ~ ~ 

3teel 

' c:. ~ .::::. -= ...... 
'-' ...... ~ ~ 

- , -' __,C .1 L· 
- ~ .... ..... .J.. • _ -~ --- ..... -= 3 l. e ~ 

1~: 2. = :: : -:::- -::; - ---

'V' 1 .-. -_:,~~-=:?~ 

...... ~ =- = ~ 

..:: :.. ;.::::: ~ _.. 

:---:3...__ ~ -- ... - -

- - - - -

Size 

=2 rr m od x 

25 ~- od x 

~arious 

7~~=k~e~ses 

3rious 
T ~ ~ c: ~'le s S'= s 

__ Jia. 

·.1:-~:''.JS 

:..J--e:,ers 

; ri 

1 • 5 mm 

1 . 2 mm 

- - -

-I 

Amount/ 
Bicycle 
kg 

1 . 1 7 

0.90 

0.52 

• 7 5 

C.07 

c~ . c1 7 

- -
.I 

Amount/ 
l\nnurn 
Tonne 

1 5 

1 1 

6.S 

1 Q 

l_· • ~---· 

J. I~ 

- -

Cost/To:-ine 

2,500 

2,2CC 

2, 3 LJO 

1 • 3 7 5 

3 ,-, r., 
': ...... :U._. 

3,0QC 

- -

Cost/Annum Source 

37,500 Kalli ti 

24,200 Kalli ti 

14,950 Kalli ti 

13,750 Imported 

2,700 I~oorted 

2,7CO Imported 

- - - - ..... 
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1:.~L::: ~: -.-:,·,_;c-:.:::-:-,~qE uF ~;::;ESS FORMED ANO TUBULAR PLATED COMPONENTS 
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Ooeration 

1. 4 Press Forming 
Operations 

2. Plate and Polish 

1. 4 Press Forming 
rJperations 

2. Plate and Polish 

1. 2 Press For~ing 
Operations 

2. Plate and r:olisr 

i 6 P r e s s r-- o ~ r. i n g 
uperations 

2. Weld 
~ Grind 
l•. 'learn 

'. 2 Press For~ing 
Operations 

L, Plate 

1 • 

2. 

2 Press Forming 
Cperalions 
Plate 

1. 3 Press Forming 
Operations 

~, Plate a~d Polish 
1 
' . 3 Press Forming 

Coer=itioris 

,.I 

Equipmer1t 

Mechanic:~l Press 

Mechanical Press 

Mech2rii::::al ::iress 

fVie cl-ia n i c: -3 l ~res s 

MIG WPlder 
Pedestal Grinder 
Pedestal Drill 

Mechanical l=ress 

Mechanical Press 

Mechanical Press 

Mec'lanical Press 

- - -

Tooling 

4 Press Tools 

4 Press Tools 

2 Press Tools 

5 Press Tools 

2 P :::- es s Too 1 s 

2 Press Tools 

3 Prt::ss Tools 

3 Press Tools 

- -

Operation 
Time 
(Seconds) 

32 

32 

1 4 

50 

30 
20 
45 

1 4 

1 4 

44 

44 

-
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Coe ration 

1 • 2 Press For,.ning 
:::perations 
Dlate and Polish 

1. 2 Press Forming 
Ooerations 

~. Dlate and Polish 

2 Dress Forming 
Operations 

2. Plate and Polish 

1 • 

2 • 

3 f..lress Forming 
Operations 
;J late =ind Po 1 is f-i 

~ Dress For~i19 
Cperations 

~. Pl3t0 and Dalis-

Cut ~c Le1gth 

{'.. J~~~Jrr 

-- u t t .:c Le~gth 

Je'Jur: 
= l 'J t 

Cut '.:.o Ler--1gth 

Je ~u :- r 

- - - -
""' 

Equipment 

Mechanical Press 

Mechanical Press 

Mechanical Press 

Mechanical Cress 

l•l e c h a n i c a 1 P r e s s 

Special ;i lJ r c-= s;;::: 
Cuttir'.c; _=,'.JC' 

De'Jur:i-,1 ~'::ic'li-": 

Special ;_;urr:':::Se 
Cutting L;:ithe 
Deburring Macf-iint: 
Slot.ting 'fJachir--,e 

Special f-lurpose 
Cutting Lathe 
Deburring rv1acr-1ine 

- - - -

Tcoli1g 

2 Press Tools 

2 Press Tools 

2 Press Tools 

3 Press Tools 

3 ;Jress Tools 

- - -

Operation 
Time 
(Seconds) 

28 

SE 

56 

88 

88 

1 = 
1 c 
1 :J 

1 0 
1 2 

1 0 

1 0 

- - ... 
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~=·~;::::~en•~ \12~e 

:.;e2r Er2~e Tube 

~h=rt Bra~e -ute 

-.:_-...:::i• ~_....ll2r 

3. ~~re ~c-2cnents 

- L. '-' <-

' ' ..:...._ '- -...;.:..._ 

~ - ..::.... - -

:3:-=:~<::.1 ~--= ~~3:-

~ 

3 :- ~ ~ e 
,, ............ ,-, 

- - -

Ooeration 

1 • Cut to Length 

2. Deburr 

Cut to Length 

' Jeburr .::: . 
1 • c: u t to length 

2 • Deburr 
J • Form End 
4. Plate and Polish 

1. Wire Straighten 
and Cut 

2. For1" '.::ye 
3. Plate and Polish 

1. ~ir~ Straighten 
and Cut 

2. For~ Eye 
' ~late and Polish 

li!ire S'.:.raighten 
and '.:ut 
Dlate and Polish 

l1Jire Straighten 
and Cut 

2. F::irri Eye 
3. Dlate and Polish 

,I 

Equipment 

Special Purpose 
Cutting lathe 
Deburring Machine 

Special Purpose 
Cutting lathe 
Deburring Machine 

Special Purpose 
Cutting lathe 
Deburring Machine 
Mechanical Dress 

Wire Straightening 
and Cutting Machine 
Mechanical Press 

Wire Straightening 
and Cutting ~achine 
Mechanical Press 

Wire Straightening 
and Cutting Machine 

Wire Straightening 
and Cutting Machine 
Mechanical Press 

- - -

Tooling 

1 Press Tool 

2 :::iress Tools 

.:s 22C2/2 

2 cress Tools 

- -

Operation 
Time 
(Seconds) 

1 0 

1 0 

1 [ 

1 0 

1 0 

1 0 
1 0 

6 

1 6 

E 

1 6 

2C 

6 

1 6 
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C::oeration 

1. Wire Straighten 
and Cut 

2. Form Eye 
3. Plate and Polish 

1 • 2-ssem'Jle anc Braze 
~ . Decrass 

3 • Bend 

4 • Drill 
5. Plate and Polish 

1 • Assemble and Braze 
~ Plate and Polish .:. . 

- - - -~ 

Equipment 

Wire Straightening 
and Cutting Machine 
Mechanical Press 

Dip Brazing Tank 
Electnolytic De-
brassing Tank 
Handlebar Bending 
Fixture 
Pedestal Drill 

Hand Brazirg Set 

- - - -~~~~-~~~~· 

Toolir1g 

Os 3208/2 

Drilling Jig 

- - -

Operation 
Time 
(Seconds) 

6 

1 6 

60 
60 

30 

45 

4C 

- - - -
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All operations except press forming can b0 completed using the 
equipment and labour already specified for frame and fork 
production. It is just possible, allowing for tool setting times, 
to fit in the press forming operations on the four mechanic<ll 
presses already defined. However, it is sensible to specify orw 
sma 11 i1ddi tiona 1 press, to make the sm<l 11 br<lkc i tc:-ms, <lnd one 
i1dditional worker. 43 additional press tools arc required, but 
mi1ny of them arc quite simpl2, for the mi1nufacturc of small 
pclrts. 

2. Tube_Manipulation Section 

The total direct operation times for tlw Of>t'rations carri<'d out 
1n this section arc: 

Tube• Cutting 
Dcburring 
Slotting 

6 0 Seconds/Bi eye I (' 
60 Seconds/Bi cyclf' 
I 0 Sl•conds/Bi eye 1 (' 

All these operations can be carried out using the C'quipnic'nt «'Ind 
1.ibour al ready spc:'cificd for frame and fork production. 

3. Frame/Fork Assembly and Braz ing_S~_~!l._<2_!1 

!!ere the assembl '/, bra.zing (using fork brl1zi ng furnace), 
debrassing, bending and drilling of the handlc·b,1r will be c,1rriPd 
out. A handlebar bending fixture is rcquir<'d, ,1nd ,1;so a dri JI inq 
jig. The drilling operation is done on the pede!;tal machine usc'd 
for machining the frame head and scat tubes. A hand brazinc; c;et, 
bench rind vice are required to make up the braki• suh-asscmbl j,;'..:;. 
No additional lobour is roqui rr'd. 

4. 

A single platinq L1cility will serve to mc(•t trw n·quircmcnts 
of all product!'> manufactur<'rl in the proposed factory. 1t will 
con'.; i st of: 

i ) 

I j ) 

Nickr~l pl<1tinq equipment nf suffici<_'nt capz1city 
to mc>('t total plant n~quircments, incllHlinq: 

* Platinq rr'ctifi,,r 

* Briqht nicki·l 11L1tinq t.ink 

* 

* /\i r ,1qi t ,11 ion r'qui fJfrlr•nt 

* 

* 

* 

Ch r < 1rn i u lll f' Lit 1 .i <J • ·q '.J i ; 1111" fl t /1 1 t I 1 1 : I 1 r • 1 • · n t ' · 1 ! ,, ir · 1 t '/ 

to lil''f't tot;il 11J;111t l"'f~Ji 1•·111«!1 1 :·., 1rwl 1d1rir1: 

(,(I 

' 



iii) 

Platinq rcctif ier 

* 1:hrnmi um plating tank 

* Hinsing ti1nk 

* Swilling tank 

* Immersion heater 

Polishing Machines 

/\n estimated fifteen minutL'S polj shing time js 
rcqui red for tho plated components considen•d h1'r•·. 
Par this it is sensible to specify two doublc-endorl 
polishing l atlws, and two opera tors. 

Three direct workers will be needed to carry out the actual 
plating oper.itions. 

The complete plating plant wil 1 includ0 material handling 
equipment for transferring components bctw0en stages of tl1n 
plating opcr.ition, together with laborn.tory faci litics for 
quulity control of the process. 

I 
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/\NNEX l 0: Ml\NUFAC'l'lJHE OF MACHINED 
CYCLE COMP()NEN'l'S, 
AND CHANKS 
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ANNEX 10: MANUFACTURE OF MACHINED CYCLE COMPONENTS, CHAINWHEEL 
AND CRANKS 

This includes manufacture of th•' fol lowinq comrionc'nts: 

l 4 0 3 Top and Bot tom Inner Bl!] l 1~.1CL'S 
1404 Bottom Outer Ball Race 
1405 Screwed Race 
1407 Locking Nut 
8321 Bottom Bracket Axle 
8322 Bottom Bracket Fixed Cup 
8323 Bottom Bracket J\djust.-iblc Cup 
8324 Locking Nut 
8101 Cha inwhl'C' 1 
8102 Rf! Cr,1nk 
8326 Lil Crank 

Uf thL'SL' items 1403, 1404, 1405, 8321, 8322 ,1nd 8323 :H1' c;is•' 
hordcnl'd. The remainder or(' ploted. 

'l'lw chainwhc'c'l will be pressed, .-ind the cr:1nks f(irq•'ri, ,1t tli·· 
Ethiopian Mctol Tools Factory. Finish mnchininq ori··r.iticrn'.; on 
the cranks ,1nd assembly of crank to chainwhcr·l will h•' c.nr1.•d 
out in thl' factory. Thi' matt•rial rcquir1'ment'; fCJr th1_• mad··-uut 
pcirts arc': 

The 
all 

11.75 tonne/annum 3 mm Cold Holh'd Mild 
Steel from Kalliti !d 2,200 Birr/tonne 

23. 65 tonnc/'1nnum Imported Mild Steel B,-n 

25,H'JO Birr-.··;innum 

32 mm diarnr·~cr (d 1, 37S Birr/Tonn(' 32, s;!o Birr annur,· 

material requirements for the mode-in m,1chincd comr1on 1 '11t'.o, 
imported mild steel black b.-ir arc: 

ton:-i1•/z1nnum 
2S mm di amc'tcr 6. 7 r) 
4 () mm d i Cl mot(' r 4. 2 ') 
4 '_i mm diamr'tcr l.67 
'i () mm d iarn('t(·r () . 7 7 
2 ') Plfr1 di z1111('t1•r 6. 7 1

J 

4 () mm hc'x,1qonil l () . ). l 
-

'1'0L1 l j r, • (> '> 

.i 1, 17'> Birr/tonn" - J.J ,',).() H11 r/ilnn11111 

: ; .i I t :in tl t 'll • , m i c il l !; 

/\fl(Jd•" 
10,0fl() H1rr .1nr111111 

1 , r l () r I B i r r • .1rin11 n1 

'J',ll>l·· :;1111.1:1.ir 1:;•':; th1· rr1c111uf,1r·t:Jt iri•J r>ri•·r.1t 11>!::. !1>1 r!1·· 111.11·r11r1,,,J 

r·rn1q·rin•·r1t'.;. It .tl'.'<J :;u111111.iri:;•·:; tr1·· 111,·H·h1r11r1•; l!f"'1.it1r):1" '.<ir ti1·· 

r:r.rnk:;. 'J't1 1
• t1;t.1] d1rr•ct t i111 .. :; fr>r t t1•· 111.i1·1!1r1ir1•1()!"'[it1•!11'', .ll• 

' 



Capstan Lathe 
Chucking lathe 
Milling Machine 
Pedestal Dril 1 
Grinding Machine 
Tapping Machine 

secs/bicycle 
370 
410 

JO 
2 ~) () 
l 2 () 
80 

Therefore, allowing for tool setting time, one of r'ach mi1chine 
is sufficient, except that two chucking L1thcs wi 11 be required. 
There will be four workers in the machininq section, two for 
turning and two for ot!ler orerations. Tlw rnachininq Sl'Ction wi 11 
also include the' chainwhccl rolling mochin•'. Four chillinq JlllS 

ond one milling jig will be required. 

/\n odditional poli~;hing lathe, ,"nd one ;1ddjt ion;ll work1'r, wi 11 
be required in the plating section. 

Finally, 5 press tools and 2 forging ctir's must he' ~;upplied to 
the Metal Tools Factory. 
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v~\JC~C7~GI~G OPERATIONS - MACHINED COMPONENTS 

'"'- ..... -----=-~ ....... ~ "'~ar'""\e 

~-~ B=~~=- Inner 
~~::es 

:::: .......................... ~~L:~e:- ~Ld l 
.... 3:=~~ 

=:-::--:?'_...'=:: ::3c:e 

- : ::- ... :. ..... ~ 'I,~ :_j :. 

... - ......... _.. ~;: 2:.: 'f•: °' r ~ 

--··-- ~~a=~et r~xed 

Operation 

1. Drill, Turn Bore, Turn 
Groove, Part Off 

2. Harden 

1. Drill, Turn, 
Turn Groove, 

2. Chamfer 
3. Harden 

Turn Bore 
Part Off 

1. Drill, Tap, Turn Recess, 
Turn Groove, Knurl Cham
fer, Part Off 

2. Harden 

1. Drill, Recess, Tap, 
Profile Part Off 

2. Olate and Polish 

1. Turn Outside Profile, 
Part Off, Turn Ends 

2. Mill 
3. Harden 
4, Grind 

1. Drill, Turn Recess, Turn 
Outside, Cut Thread, Cha~
fer,Part Off 

2. Drill Holes 
3. ~ar~er1 

_L 

- -

Machine 

Capstan Lathe 

Capstan Lathe 

Chucking Lathe 

Capstan Lathe 

Capstan Lathe 

Checking Lathe 

Milling Machine 

Centreless Grinder 

Capstan Lathe 

::::edestal Drill 

- - -

Operation 
Time 
(Seconds) 

80 

40 

20 

60 

50 

120 

30 

1 2 0 

70 

30 
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OoeI"::ition 

1 • Drill, Turn Recess, 
Turn Outside, Cut Thread, 
Chamfer, Part Off 

.., Drill Holes c:_ • 

3 • Harden 

1 • Drill, Cut Thread, Part 
Off 

2 • Drill Holes 
3 • Plate an·j Polish 

Drill Centre Holes 
2. Face 
3, Tap Pedal Hole 
4, Drill Cotter Pin Holes 

1, Drill Centre ~oles 
2. F::ice 
3. Ta~ Pecal Hele 
4. Drill Cotter Pin Holes 

- - - - -
~L --

Machine 

Capstan Lathe 

Pedestal Drill 

Chucking Lathe 

Pedestal Drill 

Pedestal Drill 
Chucking Latr1e 
Tapping Machine 
fJedestal Drill 

Dedestall Drill 
Chucking Lathe 
Tapping Machine 
Pedestal Drill 

- - - - -

Operation 
Time 
(Seconds) 

7 [j 

30 

30 

30 

60 
1 2 0 

40 
20 

60 
1 20 

40 
20 

- - -
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ANNEX 11: BREAKDOWN OF COMPONENTS OF MOTOR CYCLE 

The attached list gives a breakdown of the com[~nents ot a motor 
cycle of the type to be produced in Ethiopia. The motor cycle 
is divided into nine groups of components, each of which is qivf•n 
a '000 series number: 

1000 Frame 
2000 Engine and Transmission 
3000 Rear Suspension 
4000 He.:tr Wheel 
5000 Electrical System 
6000 Front Suspension 
7000 Hzrndlebar and Controls 
8000 Front Wheel 
CJOOO Fittings 

No attempt has been made to breakdown the specific<1tion to r•.1ch 
individual corr.ponent since: 

j ) 

ii) 

given the relative complexity of the motor cycl•·, u1is 
would form a very long list, <1nd m<1ny of the indi\·idu,11 
components can only be produced economically j n rwJc!: 
larger quantities than arc envisaged for Ethiop1<1. Th·· 
breakdown used is intended to focus on those clcffi~nls 

where there is potential for lo~al content eith~r 1~ 

the short t~rm, or as the industry develops, and to 
provide the basis for analysis of local assembly; 

in terms of both the production of individual com
ponents, and the methods of asscmbl y, there wi 11 iJ,·, 
variations from model to model and from manufacturr•r 
to manufacturer. The 1eve1 of comp on en t brc,1 kdown us••c1 
allows analysis of assembly and component manufncturr• 
taking account of such variations. It also rillows tiw 
analysis to cover assembly of both general purpose 
and trai 1 motor cycles, even though then' (I re 
substantial di ff crcnccs between those two mode 1 s :1 t 
the component design 1eve]. 

The breakdown j s based on a 12S cc qPnrra l purpo'.-;c motor eye I' 
manufactured jn thr! Philippinr•s. It is thr:rr'forr• ;i mod••l \d11,·:1, 
at least in detailed respects, hils b(•cn <1rlilptr'd lur U'.-i" in ,1 

developing country ilnd for rnctnufacturr' on il r1>L1t i V•'l ·:· :;in,111-
scalc. The• spccificiltion includc'S thosr' f ittinq:.; which .it·' 

rr.'quircd to meet rcqistration rc•quirPmr•nt~:; (Pq. lioilt:;, 
inJicators, number plate mountings) and for con\·•·n1•·nt rif'"r:it H1n 
(r'q. c;1rricr rack). llow1~·v0r, it 0•1··~; not includ 1' :1<·r· .. :;:;,1ri··:; 
which may b,, requr.•str•d by inrlividu.-11 r·11~;tomr•r:; (,.,,. r••.ir \'I•·,,.: 

rni rrors, windscrr•('n 1'tc). 

lit, 



C0MPONENT BREAKDOWN OF MOTOR CYCLE 

1000 Frame 

1001 M.::iin Frame 
1002 Front footrest 
1003 Front footrest Rubbers 
1004 Footrest Clamp 
1005 Nuts, Bolts and Washers for 1004 
1006 P.::irking Stand 
1007 Parking Stand Spring 
1008 Parking Stand Pivot 
lOOl) Bolts and Washers for 1008 

2000 Engine ,1nd 'l'rilnsmission 

2001 Main Engine, Clutch, ·rransmission Assembly 
2002 Grommets for Mounting 2001 in Frame 
2003 Nuts, Bolts and W.::1shcrs for 2001/2002 
2004 Exhaust Pipe 
2005 Gc1skL't 
2006 Bolts and washers for 0tt0ching l'xhau~;t pip·· 

to en9inc. 
2007 Pipe Mounting Clamp 
2008 Nuts and Bolt3 for 2007 
2009 Kick Start Lever 
2010 Bolt for 2009 
201] Kick Start Pedal 
2012 Kick start Rubber 
2013 Clomp for 2011 
2014 Bolt for 2011 
2015 Gear Change Pedal 
2016 Bolt for same 
2017 Chain 
2018 Sprocket 
20llJ Chain Cover 
2020 Nuts, Bolts and W.::ishcrs for 201Y 
2021 Air Cleaner Body 
2022 Air Cleaner Top 
2 0 2 3 A i r Fi 1 t (' r 
2024 Nut f nr 2022 
202'J Mountinq Nuts, Bolts ;rnd \\;i~;tH•r:; fc)r 20)1 
2026 Pip•' tu Conn('Ct /\ir Cl•·dn•·r t<> I·:nqin•' 
2 o 2 7 f\ t 1 t o I u lJ, · 'l'<H1 k 
2028 Auto I uhr· cap 
202<J Pif)(' to Connect 2(JL7 t(; I·:nqinr• 

2orn Cl;imp:; for 2(JL<J 
20\l F11··l '!',rnk 
/() L? l·'ur•] 'f';rnk (',q> 
20ll r•1ountinq r~ut:;, Bolt:; .i11d \".'.1:;11,.r:; tcir }!lil 

)() l•1 J-'u• • l !' i It• 'I HfJd'y' 
) () h l·' u • · l 1 · i I t •, r C il I) 
) ( l Hi !,. u', l !,. i l t • · r 
20)7 Pip•'~; to t'onnr·ct 20~]/)()l·I 111 I<nqin•· 

~ 
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3000 Rear Suspension 

3001 Suspension Arm 
3002 Suspension Arm Pivot 
3003 Suspf'nsion Arm Bushes 
3004 Nuts and Washers for 3002 
3005 Shock Absorbers 
3006 Nuts, Bolts and Wllshc'rs for 3l}(Vi 
3007 Rear footrest 
3008 Rear Footrest Hub~wrs 
3009 Pivot for 3007 
3010 Pin for JODY 

4000 Hear Wheel 

4001 Hub 
4002 Bc•arings 
4003 Brake Plate 
4004 Broke !\rm 
400S Nuts, Bolts ;-incl \\!aslwr~.; tor 4004 
4006 /\xlc 
4007 Mounting Nuts zrnd \\',1~;h1·r~; t <lr 4006 
4008 Chain Adjuster 
400':! Nuts and WLlshcrs for 4llllH 
4010 Spokes 
4011 Nipp:.•s 
4012 Washers 
4013 Him 
4014 Rim Tape 
4015 Inner Tube 
4016 Tyre 
4 0 1 7 Br a kc Torque /\ rn: 
4018 Mounting Bolts, Nut:; ,1nd \\ll~;h1·r~; fur 4014 
401'.:l Brake Linkaqc 
4020 Drawbolt for 401') 
4 0 2 1 Nut an cl \\I a~; h c> r for 4 0 2 O 
4022 Spring and /\djustrnf'nt Nut:; for 40]q 

'!000 El cctri ca 1 System 

5001 HCilr Light and StOfl I.iqlit H.H'kinq i'J.1t" .1n.J 
1-'ittinq~~ 

'J 0 0 2 Bo l ts , Nut s ;in cl W il ~; l 1" r ~; ! or '> l I I l l 
'.J003 H••,1r I.iqht I.1•ns Co\1 •·r 
S004 Mount i nq Scn·w:; f rn· 'illll l 
'JOOS Indic:itor J.iqlit,; M<l:1ntinq Jlr.1r·k•·t .1r1•i 1:1 t t 1r1•1·: 

(Silfl!•' front i!nd r":11) 

'i()lJf, Mount 1 nq Nut:; ;ind \·;.1:;h1•1 :; ! ''r ;iflll'. 

'i () () 7 I n cl i Ci 1 t < > r I , i q l 1 t I,' · n:; c· o v, r 

r, 0 () H Mou n t i n q : ; < • r "w: ; f r it lO ( l 7 
rillO'J 1!1·.id Liqht !'.owl <1r1<l 1:111 i r:q:; 

'j()]() ll1·;id I.iql1t l{f·! ]r·ct<>t 

'J()]] f!"ZHJ l.iqt1t !.1•n:; 
')()]). Jlr·;id l,iqht Trim 
'iOI ~ l!orn .ind l·'jttjnq:; 

') () 1 4 M 0 u n t LI l q B () l t ;.; , N ll t '.; i1 n d v; d : ; I 1" I : ; i () r r ,(I I 
'iOlri lno;tnirw~nt Pilll!'l ~1ri1ir1tinq 

' 



5016 Nuts, Salts and Washers for 5015 
5017 Speedometer and Fittings 
5018 Warning Light Panel <lnd Fittings 
5019 Ignition Switch and fittinq 
5020 Ligl1t Switch and Clamp 
5021 Bolts and Washers for ')020 (f itt1•d to handlcb<n) 
5022 Bottcry l3ox 
5023 l3,1ttcry 
5024 Battery Strap 
5025 Earth Lead and Fitting 
5026 Wiring Loom Complete wi+-h all Terminals 
5027 FUSl' Holder 
5028 Bulbs Vilrious 
5029 Fusr'S Vilrious 

6000 Front Susp• 'ns ion 

6001 Fork Pivot 
6002 Bearings for 6001 
6 0 0 3 Nuts an cl l\' ash c rs •-' t c . f or (1 O 0 1 
6004 UprH·r- Fork Plate 
6005 Lower- Fork Plotc 
6 0 0 6 C l Z1 mp i n g Bo 1 t s il n cl \\'a s h c r s f o r 6 0 CJC, 
6007 Telescopic Suspcnsiun Member Lii 
6008 Telescopic Suspension Member Hll 
6009 Top Mounting Nuts ilnd \-Joshers for 600716008 
6010 Front Mudguard 
60 l 1 Front Mudguard SL1y 
6012 Clamps for 6011 
6013 Screws, Nuts and \vi1shcrs to /\ssembln 6011/6012 
6014 Bolts for Attaching Mudguard to Fork 

7000 Handlebar and Controls 

7001 IJ,1ndlcb,1r 
7002 lland1elxn Clamps 
7003 Bolts (Ind Washers f<)T 7002 
7004 llandgrip 
7005 Twist Grip Mou1dinq 
7006 Twi ~;t Grip Mcch,1n i srn :incl Cl ,1mp 
7007 BolL,; ,ind \\ia~;hcrc; for 7()()(, 
7008 Thrott 1 ,, C1hl <' ;ind I .. i lt i nq;; 

7009 Clutch IPVC'T ;ind CJ.1m11 
7 () 1 0 13 Cl 1 t ~" ;111 d w (l co rw r :; f () r 7 () ( J ') 

7011 Clutch C1hl•' ,1ncl Fitt inq:; 
701/ Br;ik<' !,•'l'<'r ,1nd C],1m11 
701l Bolt ,ind \"~.i:;h1'r:; for 7tll/ 
7 0 I 4 Hr ,-1 k • , <.·,iii l • · ;ind I,. i tt i n• J:; 

70l'J Cliok•· l."\'••r :ind l'l,rn1p 
70 I fi Hu 11 .ind \\.i·,h· ·t ! rit 'i()l r, 

7017 C!irJk•' l',il1l 1 ,111cl l'ittinq:; 
'/ (J I H ! ~ p 1 '• « l rnr1t · t • · r l • :d, I • · ;ind F i t t 1 r i r l:, 

,, I 
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8000 

9000 

I 

' 
' I 
I 

Front Wheel 

8001 
800:Z 
8003 
8004 
8005 
8006 
8007 
8008 
8009 
8010 
8011 
8012 
8013 
8014 

Fittinqs 

YOOl 
Y002 
Y003 
Y004 
9005 
Y006 
9007 
Y008 
9009 
<) 0 1 0 
Sl 011 
9012 
<) 0 1 3 
9014 
Y015 
Y016 
tJ017 

Hub 
Bc<11- i ngs 
Brak(' Plate 
Bra kt' Arm 
Nut, Bolt zrnd Wl!shc' r for 8004 
AxlL' 
Nuts and Washers for 80 ()f) 
Spokes 
Nipples 
Nipple Washers 
l\im 
Him Tape 
I nnt_' r Tube 
Tyre 

HCdl :'>ludgua rd 
Mounting Nuts, !3u 1 t ~o zind \\'osh•·r:; f () r 'Hl {) 1 
Hear Carrier 
Mount inc; Nuts, Bolts ;ind l-.'.-1 ~; h, · r· :; t or '}() () ) 

Hear Number Pl ate Br.-1ckr•t 
Mounting Nuts, Bolt~ .:ind Wash1·r~; i or 'JOO') 
Saddle Frame 
Saddle Frame Hinge 
Saddle Fr;1me Clip 
Spring for l)009 
Mounting Nuts, Bolts and 1-.'ash•'rs !01 900H 
Saddle Springs 
Saddle Podding 
Saddle Upholstery 
Nearside Trim Panel 
Mount1 ng Nuts, Bo! ts <ind i'Ji'l~;h .. r:; f<Jt ')() l 'J 

Front Numb1'r Plate !3r.-ickct 

(' ! 
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ANNEX 12: ASSEMBLY OF MOTOR CYCLE FROM SKD KTT 

The assembly sequence described here is ess('ntial J y th•' same 
fer both general purpose motor cycles and trail bik0s. The main 
clements arc: 

l. Unload crates at factory site; 

2. 

J • 

4. 

Check contents of crates and Sc'par<lll' to ston·, (report 
any errors or shortages for remcdii11 action); 

Batch components for sub and f ina 1 a~;scmbl y station~;, 
and delivery to appropriate work ~;L1tinn; 

Sub-assembly; 

5. Pinal assembly; 

6. Check and pack; 

7 . Deliver to final star•:>; 

8. 

The stages of assembly (4, ') zrnd 61 arc dcscrib··cJ in morr' <kt.1il 
on the following pages. 

'I I 

' 



1. Sub-Assemblies 

Given the low production rate, and therefore the relatively high 
amount of time (19.2 minutes) each worker can spend on each motor 
cycle, most of the assembly operations can he completed on the 
main line. The only sub-assembly operation required is for the 
front and rear wheels, including truing and tyre fitting. 1 
skilled worker can complete assembly of hoth wheels with the 
following equipment: 

1 Bench 
l Wheelstand 
1 Pneumatic Screwdriv0r 
1 Truing Stand 
1 Tyre Fitting Bench 
1 Tyre Holler 
l Pneumatic Tyre Inflator 
Sc•t of Tools 
2 Mobile Supply Hacks 
3 Mobile Delivery Hacks 
2 Fixed Hacks (to h--:ild wheels bc•twr·•·n ,1ss••ml>ly and truing). 

I 
I 
I 
I 
I 
I 
I 

2. fj__nal f\ssQmbl_y 

f\ similar system to the bicycle is proposed with ,1 qrour.J tri1ck I 
and trolleys, onto which the f ramc is mounted. l!owcvcr, at tlw 
start of the line the front footrest and parkjnq stand componnnts I 
are fitted to the frame at a bench. The assembly line is divided 
into four stages: 

Stage 1: 2 Workers (to faciliti1tl' fitt iny the hce1VY r•nCJlnC/ 

tranmission assembly). 

j ) Fit footrest und purkinq sLinrl at h(•nch; 

j j ) Mount f ranH' onto a ssr'mb 1 y I inc•; 

j_ii) Fit engine, clutch ilnd cwarhox as~;c•mhJ·,:; 

I 
I 

iv) Fit rear suspension systc'm - s•1sr1"n~;ion ;1rrn, 
rC'ar foot rc~.;ts cinci ~;ho<:k ,1h'.;urh•·r~;; I 

v ) F i t c x h <1 u s t !> 1 f )( ' ; 

vi\ !"it fP,1r w!Jr't'l :ind <·t1,1ir1. 

i ) F i t r < • ;11 1,r:ik<· l••\'•·1 

l ! 

J J 1 l"i l f(•,1r rnurlqu<11 d r.1r·k ,111d l 1<1!it :· .. rnrl ,·,11':" .,·t 

wi 1 i nq; 

iv) Fit arr clcd!lf'r ,ind <'u1111,·ct .. 11q111•· w11 Ill'!. 

7 ' 
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Sttigc 4: 

2 Workers (to facilitate fitting front forks). 

i ) Complete connection of engine wiring; 

ii) Fit front forks and mudguard; 

iii) Fit front lights and horn clnd connect up 
w1r1ng; 

iv) Fit handlebar with controls and cables; 

v) Connect clutch clnd throttle' cables. 

1 Worker. 

i ) Fit chtiin cover, kick start <1nd qcar lev•·r; 

ii) Fit front wheel, connect up front hr a kt• ;rnd 
speedometer coble·; 

iii) Fit fuel tonk and conn<•ct Ufl fw_•] lirwc;; 

iv) Fit saddle; 

v) fit trim panel 

The equipment required for these assl~mbly oper.1tions 1s as 
follows: 

J. 

7 Sc·ts pneumatic spanners with ,1ssortcd tools. 
16 Mobile supply racks. 

1 Fixc•cl rcick to store motor cycles c:it the• end of th•· I inr·. 
l Ground level track with 12 independent t:_rolh·ys. 
l Bench. 

I n s P~C:!: _i __ q_n 

Three inspectors carry out cl compli•te check of ils~;1·rnhll•d rn~)tor 
eye 1 c•c; : 

i) Visual check thnt mot,>r cyclr• is r:urn·c~tlv ,1s~;1 :d>l"d 
;ind no ddmdq•·d f>ilrt :; ; 

v l 1 l ! 1 " ( ! d t r ;i n ~ ; 1r1 1 '. ; :-, , o, 1 o i 1 , r · n ' 1 1 r 1 • • I '· ;i ; r i ' ·, 1 r 1 t 1 ri ' l r ' 1 · • r r 1 I , 

' 



x) Test ride mach~ne; 

xi) Drain petrol, disconnect battery, pack and deliver 
to store. 

The equipment requin'd for inspection is: 

3 Complete sets tools 
fluid filling stand (outdoors) for oils and petrol 

The assembly and inspection process remains unchanged ilS local 
content is progressively increased, as all parts made in-factory 
arc delivered to the component store prior to assembly. 

/ ;, 
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ANNEX 1 3 : MANU FACTLJI< E OF M()'l'< ll< 
CYCLE COMPONENTS IN
FACTOHY 
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ANNEX 13: MANUFACTURE OF MOTOR CYCLE COMPONENTS IN-FACTORY 

The motor cycle components identified for manufacture within 
the factory fal! into three categories: 

* Assemblies; 

* Press Formed Components; 

* Tubular Components. 

Each of these categories is analysed, and th1_•n thc_' OVl'ra11 
m<itcria1, equipment and labour rL·quirem'.?nts ,1rl' d'•t,1il••cl. 

1. Assemblies 

The following assemblies arc considered for loc,11 m.-inuL1cturo; 

1001 Frame 
1006 Parking Stand 
3007/3009 Rear Footrest 
9003 Rear Carrier 
9007-9012 Saddle 

1. I Frame 

The frame is made up of nine lengths of carbon steel tube, two 
of which have to be bent to shape, and a total of 18 brackr>ts. 
The tubes arc cut to length, deburrcd, and profiled .:it tiv• ends 
to ensure a good joint for welding. At the scalr> of production 
envisaged, the two bent tubes can b0 formed to shopc usinq ;1 
hydraulic tube bender. The brackets are pr0ss formc'd. The v.::ui ous 
items arc assembled and welded using special wPlding jigs. 
Separate jigs will be required for the g•:--nere1l purpose and tr.1il 
bike frames. Th0 frame is painted using the som1' faciliti(·~> as 
for the bicycle. 

Material Requiremen~s 

Cold Ho11cd Sheet From Ka11iti !<l 2,200 Birr/'l'<Hrn•' - 4.7 
kq/111otor cycle. 

Carbon St•_•c•l 'I'ub1•, Importc•d (J 2,7~0 Birr/'J'<Hlfl" - 'J kq/ ITHJl•Jt 

cyc1''· 

Production Requirements 

Tube• Cutti11q CJ () Sr·cond:;/Motor l. ';' (. I I ' 

Ddiurrinq CJ() !~r·cond :; /Motor ('yc·] 1 • 

Prof i 1 1nq I H 0 :~"Cf rn d :; I Motor '. '/c. I ', 
'I' uh•· B•·n<linq (>() :~('COile J :;/Motor ( •,,,,·] (' 

Pre~~;~--; F(>tminq L H fJ ;;1 •c·ond :; /Mot c Jr ' .. ,/« I ' . 
f.' I" <llP'.' \"Jr• l di nq 4 , 2 () () :;1•cond ;; /Mot c' r ''\' '. I ' . 



Tooling 

4q Press 'fools 
6 \\lr~lding Jigs 

1.2 Parking Stand 

The parking stanrt consists of two separate but identical legs, 
each made up of 3 pressed components, which arc welJcd together 
and ~)<lintecl. 

Material Requirements 

Cold Rolled Sheet from Kalliti (d 2,200 Birr/Tonne - 1 kg/ 
Motor Cyc 1 r'. 

Production Requirements 

Press Forming 
Welding 

152 Seconds/Motor Cycle 
120 Seconds/Motor Cycle 

Tooling 

8 Press Tools 
1 Welding ,Jig 

1 .3 Rear Footrests 

Each rear footrest is made up from a length of tube and two 
blanked plates, and is located on a machined pivot. 

Material Requirements 

Tube (From Cold Hol led Strip) From Kall iti (d 2, 500 Birr. 
TonnP - 0.22 kg/Motor Cycle 

Col d Ho 1 l e d Sh c et From Ka 1 1 i t i (d 2 , 2 0 0 B i r r I Tonn c - 0 . 1 
kg/Motor Cycle 

Imported Hod (d 1,37S Birr/Tonni• - O.O'l kg/Motor Cycle 

Production Requirements 

'J'ubr' Cutliny 20 Sr,cond ~;/Motor Cy cl r• 

Dcburrinq 20 S<'condc;/Motor eye Ir• 
J> U'SS Formi n<J 52 Sr'cond s/Moto r Cy cl•· 
Wr! l d j !VJ 40 Sr_'c< 1nd s/Mot or c·ycl •' 
I) r i 1 1 1 ll<J 

( p r '_> ~.; ~-; ~; lw p) rn Second:; /Motor- Cyc I,, 
LLlthr• 'l'urninq )() Sr'cond :-;/rvlot r Jr \:ye! I' 
lJ r i 11 i nq 

(Ma chi n•' :;tl()fl) rn Sr·conrl:;; Mot r1t c·,· r. I ' . 

Too 1 i nq 

W••ldinq .JirJ 
2 Dr i l l i 11 q ,J i q ;; 

I 
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1.4 Rear Carrier 

Made from mild steel rod, consisting of a hent outer frame with 
cross pieces welded on. Plated after assembly. 

Material Requirements 

Imported Mild Steel Rod 1d 1, 375 Birr/Tonne - 0. 7S kg/Motor 
Cycle 

Production Requirements 

Wire Straightening 
and Cutting 60 Seconds/Motor Cycl\' 
Wire Bcndinq 60 Seconds/Motor Cycl(' 
Press Forming 32 Scconcls/Motor Cyc1<' 
Welding 60 Scconrls 1 Motor CycJ,, 

Tooling 

2 Press Tools 
1 Bending ,Jig 
1 Weldinq .Jig 

1.5 Saddle 

Th 0 metal part of the saddle consists of a tubular out<•r fr,1mc, 
a series of wire springs, and a hitch and clip for attachment 
to the main frame of the motor cycle. This metal structure is 
upholstered with foam padding and a l(~ather cloth covc'rinc3. 

Material Requirements 

'I' u be ( F r om Co 1 d Ho 1 1 c d St r i p ) F r o rn K '1 1 1 i t i (d 2 , 5 0 0 B i r r / 
Tonne - 1.4 kg/Motor Cycle. 

Co 1 d Ho 1 l C' cl S h c e t F r o rn Ka 1 1 j t i 1d 2 , 2 () 0 B j r r /Ton n ' • - () . rJ 

kg/Motor Cycle. 

l mp or t e d W i n• (d 3 , 0 0 () 13 i r r I 'l' o n n ( • - 0 . ') k q IM n t o r C y c I • ' . 

Foam From Ethio-Foam id 3 Birr/Molur Cycl•• 

Production ~cquirements 

'I'uhr Cuttinq l () :;, ·cond~;/M()~ <>! eye I I' 
Dcburrinq l () ~;('('(Jr)ci•; 1 f\i()'. Cll l'ycl·· 
'I'ubr• lh·nd i 111 ') () :;1·con<l:;/Mr>t <JI (, '/ (' l ' ' 
~·; j r I' St r 1 iqlit <'Ti i nq 
<l nrl c ll t 1 1nq (i() :;, •1"< >lld:; /,\1r >t < > l C'.;'. I , . 
W j r r, H•·n< 1 I nr; ] 'JI) :;. •("(J!Jd:;1 ~l<Jt ()) ('"<'] 1' . y 
Pr r.\ ~; ~-; For .r1 i r J' ! ') (, ~;,,cond:;/McJ1 <ll r "/<'I'. 
\'>Jr:·] d i nq '} () !1, · c ·on d '.; / Mot o 1 ( . ,. (. I I • 

Uphol~;tr•r l '.' q () ! ; •, <, o r H l '.; / Mn t r ) r· ( 'y (' l (' 

77 



Tooling 

6 Press 'l'ools 
l Wire Bending Jig 
l Set Templates For Cutting Leather Cloth 

2. Press Formed Components 

The following press formed components arc considered for local 
fTlanufacture. 

1004 Footrest Clamp - 2 nrr 
4017 Brake Torque Arm 
5015 Instrument Panel Mounting 
5022 Battery Box 
9005 Rear Number Plate Bracket 
9017 Front Number Plate Bracket 

All items except the Brake Torque Arm, which is (>lated, ar~ 
finished by painting. These: components are m,1d0 hy pn'c-i~c forr1;ir1u 
and tth' r):1ttery box is assembled by spot wcldinq. 

3. 

Material Requirements 

Cold Holled Sheet From Kallib (d 2,200 Birr/Tonn•' - 2.-> 
kq/MutDr Cycle. 

Production Requirements 

Press Forming 
Spot Welding 

Tooling 

20 Pn·ss Tools 

:!:~bu 1.1r Compon__!c>_nts 

220 Seconds/Motor Cycle 
3 0 Scconds/Mctor Cyc 1 (' 

'l'wo tubulcir componr~nts ar<' considc'n'd for loc,11 momifactur•'; 

7 0 0 l 11<1ncl1 c·ba r 
l 002 Front Footrest 

Th1' handlr,li.:ir con~;ists of the m<~in tuhr· which i~; cut to l··nq1h, 
d c' bu r- r c d il n d b c n t to s ha pc , .:ind a st r r, t ch' ' r h .i r , w h i ch i c; c 11 t 
to ]t'nqth and dcburr(•c], thr' tWO itr'[llS ilrt' W!•]<J.-d tO(j!'ther [•ri()I 
to pl<1ting. '!'hr• foo1n,~;t is,, sinqlr· l•'nqth of ttilJt' cut to 
l 1 •nqth, d1•hurr1·cl, h•·nt to ~;hnpr· ilnd fJ,1int·r·d. 'l'r1•' hyrlni.11 i<· t 111>•· 
lwndr'r, lcwdt1·d in thn tulH' m<1nip11J.it 1011 :;•'<:t irJn t() m.1k•· tr1• 
r11<11n fr;Hw· tulJ<'s, will hr• u:~;1'd tor :·.h,1r•i1111 tl1··:;, it1·:n:;. 

Material Hequircmcnts 

Tur)(' (l"rorn Culd Pf>llcd ~;trip) 1·r,>n1 K.11Iit1 1 ;;,'100Hir1 
'J'onnr' - 1. 7'> k<J/Mptur Cycl<'. 

l 'K 
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Production Requirements 

Tube Cutting 
Deburring 
Tube Bending 
Welding 

30 Seconds/Motor Cycle 
30 Seconds/Motor Cycle 

120 Seconds/Motor Cycle 
30 Seconds/Motor Cycle 

Tooling 

1 Handlebar Welding Fixture 
1 Handlebar Test Rig 

4. Materials 

Tublc l gives a sununary of the matc'ri.tl rcquir•'mt'nts for thl' 
;lroduction of motor cycle components in-fC1ctory. 

5. Eauipmcnt And Labour 

Summar i sec] be 1 ow a re the tot a 1 production r('gu i rcrncnts, by 
section, for the m'1nufacturc or motor cycle' components 
in-factory. 

Tube Manipulation Section 

Tube Cutting 150 Seconds/Motor Cycle 
Deburring 150 Seconds/Motor Cycle 
Tube Profiiing 180 Seconds/Motor Cycle 
Hydraulic Tube 

Bending 270 ~;econds/Motor cycl0 

There is spare capacity on th0 Tulw Cutting And Dchln-ring 
machines specified for bicycle production to carry out thc•s1' 
operations. However, the following additional cquipm1'nt 
will be required: 

1 Tube Profiling Machine 
l Hydraulic Tube Bender 

One additional workrr will he r•·quin,d in th1' Ttlil'' 
Manipulation Sr'ction. 

Press Forming Section 

Prr'ss Form]nq 7 1rn S1 ·cCJnrh ,/Mot or c·yc I•· 
Welding { 4 () Sr·conrl~o/Mot or Cyr·] 1 • 

SfJOt Wr'l di nq 30 Sr 'C<JJ1rJ:; 1 M()t<Jr- l' ye 1 • · 
~\ i rr, Strriiqhtr·ninq 
,1nd C<Jttinq 1 2 () ~;c•c1n1d'.;/Mr1t rll (. '/(. I '. 
i<' i rr· B•'nd i ll<J :.'. 1 fl ~;l'('(lflrl:; i:·~()t <>! <'y(· J ,. 

Tllr·rr· i~; :;Jiiln• c,1pac·it'j' on th•.· 111dr·liir1••:; ::f"'r·if11·d l<ir 
hi eye Ir' product ion to r·;irry fllJt <11 I th<·:;•· <Jfll'l'<it icJn·; •'X('(•fit 
p n: ~o ~; r o r rn i n q , 1 n d w i r 1 , l )( · n d i ri 'l . fl. l I ow i 11 • ! t or t i nH , t c , ( • i 1, 1 11 q. , 

tools, I .iddition<ll mcchdnjc<1l 11rr·~;~-; i:; r•·quirr·d. Wir•· 
bPndinr1 r"qui res <~ rq>•·r·ial iiq ii I n·<1dy :;r,.,cj t ir•rl. 

711 

' 



TABLE 1: MATERIAL CONSUMPTION - MOTOR CYCLE COMPONENTS 

Local 

------ ------ ----- --

Frame Mi. 1 d Stec 1 Shol'l 
23.5 Tonne (d 

2,200 Birr/Tonne 

Sl,700 Birr/Annum 

----------- --- ------------ --- ---- - ------

I' a r k i n g M i l d S t cc 1 S lw l' t 
St a n d 5 'I' on n c (d 2 , 2 0 () 

Birr/Tonne 

11,000 Birr/f\nnurn 

---------· -----------------

Footrest 

Ci1rricr 

S<1dd 1 c' 

Mi Id Stec l 'T'ulw 
1 • 1 'I' on n c 1d 2 , S () () 
Birr/'l'onne 

r-1i lcl Ster'} Sheet 
O.S Tonne• (cl :Z,200 
Birr /'l'onnc' 

J,850 Birr//\nnurn 

Mild Str•c'l Tub« 
7 Tonn 0 (d 2 , '> 0 0 
Bi rr/'l'onnr· 

Mj]cl Stcr'l ;-;h"r·t 
~. 'J '!'on nr' 1c1 ) , ,i, 11 (J 

Bi r r /'l'o nrw 

vo.-1m 'i,000 1'1<'<'• -; 

r, 1 ~ H i r r /I' i ' · c,' · 

lH , () ( J () B i r r / !1 r; r 1 1 1; 1: 

;,11 lrl ;;ti·!'] '.-;li1·.-t 
1/.', 'J'()llll•' ,_j /,/()() 

Hi rr/'l'CJ11n1· 

/7,'i()O Bi rr//1f1!l:1111 

r· 

1 mport('d 

--- ------- ------

Carbon Steel Tube 
4 5 t on n c 1d 2 , 7 5 O 
Birr/Tonne 

1 2 l , 7 5 0 Bi 1- r /I\ n nu rn 

Mi Id St•'•' I Hod 
(j.2') Tonn•' r.i [,)/') 

Birr/Tonn•' 

l"iO Bi rr//\nnum 

:-1 i I cl Ster; 1 l<od 
l • r) 'j' () n n I ' rd 1 , 3 I 'J 

!)1 rr/'l'onn•' 

4,H)() B11r//\nncllll 

i 1.-1 1 d B r i q h t \.; i r • · 
/ • '1 '!' ( ) rll l ' ' :c1 ~ 1 () I I ( J 

}', 1 t' t' /'!'< )f'lfli' 

'J11:yl i,1'<1tll"l t']<Jtl1 

'1 
1 

()()() !' j r 1'1''.; :,1 ', 

i ·~ 1 t J ! J i t ' I ~I 

·,. I ()(I ! '· i t I /11il1 'i I!' 

ToLI 1 
llirr//\nnum 

I 1 , o 0 0 

4,20() 

4, H 1 (l 

•1 i,''11:1 

I 
I 
I 
I 
I 
I 

I 
I' 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

Tubular 
Components 

Process 
Materials 

TC'I'/\L 

Mild Steel Tube 
8.75 Tonne @ 2,500 
Birr/Tonne 

21,875 13irr//\nnum 

Paint 30,000 13irr 
Salts and Chemicals 
10,000 Birr 
/\nodes I ,000 Hirr 
\velcling \\'in• 

21,875 

20,000 Birr 61,00!l 
-- -~------------ - ---·--- ---------~- ---- --- -· ----- . 

153,925 222,410 376,33'! 
---------- ----~--~--------- ----

i 1 

' 



Two additional workers will be needed in the Press For~ing 
Section. 

Machining Section 

Turning (Chucking 
Lathe) 

Drilling 
30 St'conds/Motor Cycle 
60 Seconds/Motor Cycl •' 

There is spare labour and machinery capacity in the 
facilities specified for bicycle production to compl1'tC' 
these operations. 

Motor Cycle Frame Welding Section 

J 
I 
I 
I 
I 

This is a n0w St'ction. 'J'hc timo alloW•'d for wr.'ldiny th•' I 
complete motor cycle frame is 70 mi!1utcs. 'l'hicc; v.··i 11 r•·qu1 rr• 
four welding mllchines and four ski11('d W•'lclr_'rs. Tho jiq~; 

1 have already been specified. 

Upholstery Section 

This is a new s0ction. Upholstcrinq ttw s;H]dlr' is 1·!;tim,·1tr'd 
to take IS minut0s per motor cycle. Thu!~ on•· wrirkr'r 1s 
required, togethc'r with the' fol lowing •'quirin11'nt: 

1 I ndustr ia 1 Sewing Machi nr• 
1 Cutting Table 

Painting and Plating Section 

f\ single painting and ll siw·jle rillltinc:i facility .ire 
spcci f icd for a 11 products m,1dc in thr' f zictor;·. How('\'Cr, 
one additional worker is rc·qu1rcd in c,1ch !;c·ction for th•• 
throughput of motor ...::yclc pcirts. 

,, 
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ANNEX 14: MANUFACTURE OF CART WHEEL/AXLE ASSEMBLY, CYCLE TRAILER 
AND MOTOR CYCLE ATTACHMENTS 

This Annex describes the manufacture of th0 animal cart 
wheel/axle assembly, the cycle trailer, and the motor cycle 
attachments. Each is described separately and then a summary 
is given of the material, labour and equipment requirements. 

The manufacture of these products utilises the r>roduction 
sections already specified for bicycles and motor cycles together 
with one new section - Fabrication and Assembly. The oricrations 
to be carried out in this section consist of fabrication of sheet 
metal items, welding of tubular frames, and final assembly of 
the products. 

1. Ca~~heel/Axle Assembly 

Analysis of cart manufacture is based on the assumption that 
the 4,000 wheel/axle assemblies will ho mado up as follows: 

2,000 
2,000 
2,SOOpr. 

SOOpr. 

l,OOOpr. 

40x40mm axles, I tonne p<1yloZ1d 
30x30mm axles, 1/2 tonne poyload 
sp 1 it rim whee 1 s to accept 1\DV t yn' 
split rim whe0ls to accept motor cycle 
tyre 
steel spoked wheels 

Table 1 details the material and component requirements for thi:s(' 
wheel/axle assemblies. The mild steel tube and sheet can rw 
supplied by Kalliti but the bar for the axles must be imported. 
Cast iron bushes, ready for machining, can be suriplied from o 
local foundry. It is assumed that thl! 1\DV tyres arc mad0 by 
Addis Tyre in 7.00xl4 size. However motor cycle tyres and tub0s, 
and the various fasteners, must be import.Pd. The' breakdown of 
material costs is as fol lows: 

Local Materials: 
imported Materials: 
Local Components: 
Imported Components: 
Total 
Average 

182,030 
86,625 

40'), 000 
_6 fl ! __ OQ_~l 

733,6'Jri Birr/irnnum 
183.4 Birr/as~;1'111bly 

The hr('ilkdown of costs for diffl'r{'nt Sf!<'cifjc.1tirn1'.; of wh1·"l ,1x]r' 
<1'.;:;1,mbly is ,1'.-i follow~;: 

1 tonn(• il x 1 (' 
1/2 tonn" ax I (, 
1/2 tonnr.' (1 x J (> 

1 /2 tonn1· ax J,. 

l'aint: 
W ,, J d i n 'J w J r i • : 

f'dJV t yr'· 
/\I JV t yr1, 

lll<Jtor eye:]<' t y 11' 
~ ; t f I ( I 1 wlir ,, , I 

) l'.1 rr /.1~;'.;1'1td>i y 
I.'> lli rr/.i~;:;1'11dll / 

) ) (i. H 

2 I ,-i. I 
I 4 H. '! 

'! H. I 

Mzinuldctur•· of tl11' wh'"'l/axl1• d:;:;t'rnl>Ji1·:-; will u'.;1' f;ic:ilit1<''.i 

ll i r r 

ll i r 1 

]',I t l 

!l I l l 

in th1' Tul>" M;inif>Ul<ition, Machininq, I·'dbric;1tion ,1nd f\ss(·rnhly, 
and Pointinq !-)('Ction:;. Each of thr·sf' is discu~;sf'd lwlow. N()t .. 

' 
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;;~~l~lic:ation 

Torrne Axle 
? To1ne D.xle 

Split ~i~ Wheel (ADV) 
S~lit Rin ~heel (M/C) 
Steel Sooked Wheel 

~LIO 

Sol t Rin Wheel (ADV) 
S~l t Rim Wheel (M/C) 
Steel Socked Wheel 

~ushes 

~~l~t Ri~ Wheels 

;:;et~~ir lil~eels 

;:;-e~ai1 J.iheels 

----------

Quantity/ Cost/Birr 
Cart 

20 kg 
11.Skg 

1 5 kg 
1 6 kg 
1 8 k q 

2.2 kg 
2.5 kg 
3.25 kg 
7.25 kg 

4 

2 

2 

8 

2 

2 

- -

1 , 3 7 5 / T o n r1 e 
1, 375/Tonne 

2,000/Tonne 
2,000/Tonne 
2,000/Tonne 

2,300/Tonne 
2,300/Tonne 
2,300/Tonne 
2,300/Tonne 

2CJ/5et 

130/Pair 

50/Pair 

4/Set 

4/Set 

[ • 5 / s t:' t 

- - -

Cost/Annum 
Birr 

55,000 
31'525 

75,000 
16,000 
36,000 

20,240 
14,375 

3,740 
16,675 

80,000 

325,000 

30,000 

12,000 

16,COO 

2,000 

- -

Source 

Imported 
Imported 

Kalli ti 
Kalli ti 
Kcilliti 

Kalli ti 
Kalli ti 
Kalli ti 
Kalli ti 

Local 

Addis 
Tyre 

Imported 

Imported 

Imported 

Imported 

- .._ .. 
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that, 
times 

because the mix of components is quite complex, operation 
are given per annum, ~ot per cart. 

Tube Manipulation Section 

This section will be used to cut to length and deburr the 
tubular hubs, the tubular beads for the split rim wheels 
and the tubular spokes for the steel wheels. Operation 
times are as follow3: 

Tube Cutting: 
Deburring: 

150 hours/annum 
150 hours/annum 

Machining Section 

ln this section the ends of the axles wi 11 bt' turnc'.1 to 
size, threaded, and holes drilled for the split pins that 
retain the castellated nuts. Also the raw castings that 
form the bushes will be bored and L1cccL /\11 operations 
except drilling use a chuckjng lathe. Turnjng times iHP 

10 minutes per axle ond three minutes pt'r bush. Thu~; 
operation times are: 

Turning {chucking lathe): 1500 hours/annum 
100 hours/i1nnurn Drilling 

Fabrication and Assembly 

Here the following operations are carried out: 

* 

* 

* 

* 

Guillotining of sheet for split rjm wheel rims and 
centre piece, and of the rirr. for the steel s 1iokr·d 
wheel; 
Rolling of the rims and the b0ads for the split 
rim wheels, and or the rim for th1' spokc·rl wheel; 
Assembly and welding in jigs of the split rim wtl•'C'l 
and the steel spoked wheel; 
Final assembly of wheels, bushes, axles and 
fasteners after r~inting. 

Opcrntion tjmc:; arc as follows: 

Guillotine 
Holling 
Wr_>]dinq 
Fjnal Assembly 

following tools will 

l w h c• (' l w" ! d i n q J i r J ~; 

300 hours/;innurn 
4':>0 Lours/,1nnum 
2000 hour:; ';innt11r1 
1200 hrrn r~; l,1 nntir, 

l hand fJr•'S:o - t () fiu:oh in h11:;h1•:; 
1 :;•·t h.1nd tool:; 

1 ~;1•1 'Jui 1 ]()tin·· t•·1q1l.it•·:; 
I 1yr•' inflilt<Jl 

I 



Painting Section 

The paint finisth on the wheels and axle is not critici11 
and hand sprc1ying with a paint which dries at room 
temperaturL' is acceptable 

2. Cycle Trailer 

Table 2 details the material cand component requirements for 
the manufacture uf cycle trailers. The cost/unnum is based 0n 
~n output of 1,000 cycle trailers/annum. The main materials 
required are mild steel tube and sheet from Kalliti for the 
frame, body and hitch, and imported mild steel black bar for 
hitch components. ComponL'nts for the hci1VY duty wheL'l s wi 11 
have to be im'.Jortcd (probably from the szrnw source as th(' cycl·· 
conponents) cis will bolts, nuts and rivets. The rim L1fH'S Ci1n 
be supplied by Ethj: PL1stic to thl' si1mC' S[>t'Ci fication as thos•' 
made for bicycle~;. Tyres and tubes c,111 he supplied by f\cidi~o 
Tyre, the tube to the same specific.1tion ;1s for the bicycl··, 
the tyre made from the same mould, but of stronycr consti·:wt ion. 
The brcokdown of material costs is i1S follows: 

Locol Materials: 62,700 
Imported Matcricils: 1,720 
Local Components: Ll ,000 
Imported Components: !l_! SOO 
Total 128,<J20 
Averngc 

Process material will also be required ns follows: 

Paint 
\-.Jr_: 1 di n g \'i i r c 

S Birr/tri1ilcr 
3 B j r r / t r <1 i J c r 

' 

I 
I 
I 
I 
I 
I 
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f\t1nufacturc or the Cycle Trajl•'r wjll US•' fz1ciliti1•s in trw Tulw I 
Manipulation, Press forming, Moch;ng, Bicycl1' f\:;:;1'mbly, 
Fa b r i c o t i o n ;:rn c1 /\ s s c rn b 1 y a n d P o i n t. i n <J Sc c t i o n :; . E o c h o t t h " s • ' 
1::; cli~;cussecl hc•low. I 

Tube Manipulation Section 

'!'he' tubular Ilif'ml>cr:; of th•· framr• wi 11 l1•' cut to l••n(fth, 
1kburr1·d ;incl br•nt to :;h,1r1r• ht•rr•. 'l'h•·t•' :1r1' 1'l •·\'•'n 
diffi•r1·r1t tulJ1.1J,·1r l·om1ionr,nts, ,, tot.ii of ··jyht•'•-'n f'i··1···:., 
nin'' of which r•_•quir•· h1 ,ndinq. M:1r·h1n• utili:;,1tic1ti 1: 

.1:; fol]()•.-.·:;: 

•;•1i1"' Cut t i nq 
ll1•h1.1rr1 n 11 
l!ydr:i11l i1: J\,·ndinq 

lHO 
!HO 
Fi 'l 

!iour:; 1r:n11r1 

( I , [) () () ! J I 1 1 ' J . ; 

-,() 

·, (1 

"j : ' 

I 
I 
I 
I 
I 
I 
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' ..... ~ .._ [_ '- . Y~~E~I~L ~;o ~C~PO~ENT REQUIREMENTS FOR CYCLE TRAIL~R 

Y!3t:-:-:2. 

~i:j ~~e~l Tu~e 

(~~c~ ~=t ~=llej Stri~) 
~s ~· 
.:::.. ~--i ..... .: 3. 1 • 5 'T1 rT) 

~ot ~cllec vi:c Steel 
Sheet 
\C.8 ~~ "7"--i 1:~ 

~ct ~c:lec ~ilc 

3~ee~ 

( 6 • 2 ~ • -: -< 

Steel 

vil- ~tee: 213C< ~ar 
1~ ........... :3,.--.,= ~- =':. -] • 

~u:.s 3--= ~_:l:.:: 

~:vet::: 

· .... o~c2 ..... .::---~s ...... -::i a \i"' 
~utv --::=el~ -~=~:es, 
'I~ i. = 2 ~ --=- 3 t '-•I ' - ~ 9 ~ i ~ ) 

" .... :::::: ::---. 

"1 DP l i cation 

F ra:iie 

Body 

u! he e 1 ~lo u n t in g 
:::1ates 
..... itc~ 

~i:c~ 

t- i:. c -I 

Bc:j') 

-L~;:;iels 

_·~e;:::ls 

.----, eels 

Quantity/ 
Cycle Trailer 

14 kg 

11.25kg 

4 kg 

1. 25 kg 

3 each 

Quantity 

2 Sets 

2 

-, 
'-

Cost/Tonne 
( B i r r ) 

2,300 

2,000 

2,000 

1 • 3 7 5 

- -

Cost/Annum 
( 8 i r r ) 

32,20[ 

22,500 

8,000 

1 • 7 2 0 

1 , 5 DD 

2,000 

/_.D,000 

~ C}, ~ C 0 

1 • oco 

- - -

Source 

Kalli ti 

Kalli ti 

Kalli ti 

Imported 

Imported 

Imported 

Imported 

14c1cJis Tyre 

Ethio-Plastic. 



Press Forming Section 

The wheel mountings - four per trailer - will be blanked 
from strip here. The three strip components of the hitch 
wil 1 bC' cropped to length, and two wi 11 be bent to sh.-:qie. 
Machine utilisation is as follows: 

Press forming 
secs/trail Pr 

68 
hours/annum 

20 

Th(' following simple press tools will Iv• required: 

1 blanking tool 
l cropping tool 
2 bending tools 

Machining Section 

The hitch rod will be turnt'd to l onq th, and the hitch !J,1 J l 
mac hi ncd here on a chucking l ath1'. I\ 1 so t ht' ho l ~·s w i 11 
be drilled in the hitch components. M,1chinL' utilis,1ti()n 
is us follows: 

Chucking li:1thc 
PPdest.1 l clri 11 

Sf'CS it 1-;1 j] t •r 
l 8 () 

hout-'.o,' :1nntrn: 
'1 () 

7 ') .! 1 

Two d r i 1 l i n g j i g s w i l l h c n · q u i r c d . 

Bicycle Assembly Section 

The trailer whee!s will be asscrnbl~J at tho same sub-
assembly stC!tion as those for bicycles. The proc1_:s~:; 1'.~ 
exactly the sam0 - loose assembly, truing ,1ncl tyre 
fitting. The estimated time is l<J mins per trc:iilcr, l20 
hours/annum. This can be done with thC' labour anc1 
equipment allocated to the section for bicycl<· wtwr·l 
Z-lSSC'mbJy. 

Fabrication and Assembly Section 

Herc al 1 the fram0 components wi 11 h•· w•.'ldr'd 
a s w i 1 1 t h (' h i t ch ;-; o ck c t . Es t i m <1 t r, d t i m' , t r i 
.incl hitch <lSS•'mbli•·s i!; 1 hour rwr tr,1ilr·1-. 
h(• rr:'llll i n'd: 

fr.1111•· v'1·ldinq 
hit ch Wr' 1 di nq 

J 1 <J 
J 1 q 

tog ct hr' r, 
wr_'l d th·· t r.tm" 
Two i i q:; v: i l 1 

TllC' lJrnly ·..:ill lw f.ibricatr•d u~;inq thr· 'Jllillr1tin•· .-ind .i 

:-;tlc•1·l lll•'t.1] !J•·nd1·r. the body COtl!-ii;;t:; rif th!•'•' fi.irt:; -
L :;id1':; .mrl ,-1 cr>rnl>in1'd front, h;1:-; .. <111d r-··,11. Th•' :;r·ct J<lf~·· 

ii r •' < • u t tr) : ; h d f"' on th• · q l l i 1 I o t i r 11 .i 11 d r • r q- !l • · r f, i ' · r • • ·:; f < 1 r 
f()id:; 1·1it liy h;ind fit-ir>t tr1 l!•·!ld!tl<l '1'!1•· !•r1ri·:' 1:; <i:;:;•·111)i!· '• 

by rl1iJl111q ! h•· jflir1t:, w1tli <1 :•r11t.d1I" rlr 111, .1r:d it t 1111 
r i\'1•t:-. with .1 11.inrl riv1·tt.·r. J·>;t i111,11·,,ri "f'''t . .t i<ll1 t irn•": 

.1 I•·: 

• 

I 
I 
I 
I 
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mins/trailcr 
Guillotine 20 
Hand shear 10 
Sheet Metal Bending 30 
Hand Drill and Hivet 15 

The following tooling is required: 

2 guillotine templates 
1 hand shear 
1 portoble drill 
1 rivetting gun 

hours/annum 
35 0 
170 
500 
2 ') 0 

Finally the hitch, framP, wheels and bony are assembled 
together after painting. Operation time 15 n1inutes P•'r 
trailer. Tooling required: 

set hand tools 

Painting Section 

The frame, body and hitch arc painted S('parat1•1y usinq 
the common painting facility. 

3. Sidecar Attachment 

A typical Philippine design has been used as the basis for the 
manufacturing analysis. An output of 1000 units per annum is 
assumed. Table 3 details the material and component require
ments. The frame and suspension arm arc made from two sizes 
of mild steel tube which can be supplied by Kalliti. The body 
is made from mild steel panels tack welded to the frame, and 
the material can be supplied by Kalliti. Thicker section sh00t 
from Kalliti, a~d imported bar, are used to make the brackets 
and pivots for attachment to the frame and for the suspension. 
Tre suspension uses a single leaf-spring which can be suppl ir"d 
by Ethio-Springs. A standard motor cycle wh('Cl is specificcl 
for the sidecar, all components of which must be importod. 'i'tw 
scat is built up on a wooden frame, to be supplied by a local 
private industry, and is upholstered with foam and imported 
l ea the r c 1 o t h . Nu t s a n d b o 1 t s f or c 1 amp i n g t '.1 c s id cc a r t o t h 1' 

motor cycle frame and locating the suspension pivots must h'' 
imoported. A breakdown of material and component costs is <ljv,·n 
below: 

Local Material~. 
I mp or ted M,1 tP r i <l I s : 
Loe:: a 1 Componcn ts: 
I mport('d Compon,'n1s: 
'I'otil 1 
/\ vc• r,1 q1· 

l'ilint 
W < , 1 d i n q ~'>/ i r < ' 

174,600 
16,875 
70,000 

~Jr I 'J L!J ()() 
366,47') B i r r :1 n rlll m 

8 llirr/:;jrJ,,c.ir 
4 Birr/:;id,.r·<ir 
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SIDEC~1 ATTACHMENT 

-

LJuantity/ 
Si dt:?ca r 

3C kiJ 
1 2 kg 

30 kg 

6 kg 

5 kg 

kg 

1luaritily 

Set 

Set 

2 Pieces 

L Pieces 

:: f- i Pc es 

- - -

Cost/Tonne 
( 8 i r r ) 

2,300 
2,3CO 

2, LJOO 

2,000 

~ • 3 7 s 

-

-

-

-

-

-

-

- -

Cost/Annurn 
( B i r r ) 

59,COO 
2 7 t 5 00 

60,000 

1 2 • :.Jc CJ 

6,675 

6C,lJC'.J 

5,000 

7[1,CJLJ'J 

30,000 

G,000 

10,000 

10,000 

- -

Source 

Kalli ti 
Kalli ti 

Kalli ti 

Kalli ti 

Imported 

Etr'iio-Springs 

I:;iportec 

Imported 

Imported 

[thio-Fca'T: 

Iriocrt;:;,-J 

Lccal 

- - - - -· 
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Manufacture of the ~idec~r u~ilises fa~iliti~s in the Tube 
Manipulation, Press Forming, Machining, Motor Cycle 
Assembly, Fabrication and Assembly, Upholstery and Painting 
Sections. Each of these is discussed below. 

Tube Manipulation Section 

In this section the tubing for the f ramc and suspension 
arn will be cut to length, dcburred, and bent to shape. 
l~ lengths of tube arc required with fifteen bends. The 
operation times arc detailed below. 

Tube Cutting 
Tube Dcburring 
Hydr.:lul ic 'l'ubl' 

Press Forming Section 

secs/ s i dt•czn 
1 <j () 

1 <:JO 
Bending 450 

hours/annum 
') ') 

') rJ 

12 'i 

In this section will be made the whe1'l mounting r>latvs 
( 2 per sidecar), the brackets for the lower ,1ncl r•.·,1r shock 
absorber attachment points and two identical brackets for 
the suspension pivot. Opr_'ration times arc .1~; follows: 

Press forming 
secs/sidecar 

]() 6 
~1u:Jr'..;/,1nnum 

3 

'I'!w following simple tools will be rcquin'd: 

4 blanking tools 
3 p1crc1ng tools 

Machining Section 

In this section the front suspension r>ivot and housin~, 
th c pi v o t for t he I ca f s pr i n g mo u !l t ; n g , ,1 n d t h c f r on t 
attachment to the frame wi 11 be turned on thl· chucking 
lathe. Machining times arc as follows: 

sccs/sid,·car 
Turning (chucking Lithe) l'JO 

hours /,1 nn um 
42 

Motor Cycle Assemb1y 

The wheel sub-a~;~;r·mbly station wi 11 h1' u:;r•d lo ,1ssr'rnhl1• 
the sid,_·ccir whr.'('l. The procr's~.; is PX<1ctly th•' s;inif• <i~; 
for the motor cycl•• whc0ls - loos,. <iss•·rnbly, truinq <incl 
tyr1• r it tj ng. Thl' work Ci1n hr; don•' u~; i nq th" Of'''r.1tur 
<ind 1•quj1,mr'nt SfJ•'cificd for motor c.,-cJ,, 11rodt1ction. 

l·'abrication ilnd AssPmbly 

Th 1
' follciw1n 1 1 <Jf'"r·;itirJfl'.i will hr• c·<1rti ·d <J:it in tr1i:; 

:;•·ct i 011: 

* <;uillotin1nq and foldinq <>f liody 11.111··!:;; 
Wr•]d111q of th'· fr;irnr' ;ind :;11~;1,1·n:;1on iltlllci 111 11<1:;; * 



* 
* 

-
Tack welding of ti1e body !Jancls LO the frame; 
Final assembly of frame, suspension, wheel and 
brackets after painting. 

There arc six body panels - floor, front, 2 sides, rc•ar 
and roof, of which the floor and roof wi 11 requ in· 
foJding. Operation times are as follows: 

Guillotine 
mins/sidccar 

30 
Sheet Metal Bcndinq 30 
Welding 
Final Assembly 

75 
1 5 

hours/<1nnum 
5 0 () 
500 

l 2 'i () 
2 ') () 

Two welding jigs wi 11 ht_' required, one for tlw frZlm•', and 
one for the suspension arm, together with hand tools for 
assembly, and a set of guillotino templates. 

Upholstery Section 

Here the sci.lt and scat hack wi 11 be made. The work c.1n 
be completed using the worker ancl equipment specifi,•d for 
upholstery of the motor cycle saddle. 

Painting Section 

I 
I 
I 
I 
I 
I 
I 

Because of th·~ large internal and external surfac(' .tr•'ci, 

the sidecar will be expensive to paint using powd"r co<1tiny I 
or stove enamelling. It is therefore proposed thZlt it 
should be sprayed by hand. 

4. Pick-Up/Van Attachment 

This item will only be made in small qu<intitics (250 per .:rnnum), 
and .quires much more significant body building work than th•' 
otr . .c vehicles. The proposed approach is thcr0forc i1S fol low~;: 

i ) 

i i ) 

The basic chassis, brackets for attachment to th•· motor 
cycle, and the axle to be made in th0 factory; 

The bu sic ch,1ssi s to be ~;uppl i r·d to ;1 I oc.-i l pri \·<Jt •' 

body buildr•r for construction <ind f!ilintinq of th•' 
pi ck-up or v,1n body; 

iii) 'J'hr• com1dr··tr•d body <ind chassi'.' to hr• r"tlJr-tl•·d to th•· 
factory for lin<1l C1;;:;1~rnhly of .-ixlr·, :;prinqs <irnl whr·•·l:;. 

M.-1tr'ri,1] r•!cyiircnir·nts for thi:; <1LL1chmr·nt cir•• ckt,1i l,·rl in '1'.1!1]•· 
4. 'I'h·· frame for thi:; ilttachm•·nt 1~; rno:;t convr'ni.·ntly m:irl•· fr<lill 
squ.-ir•· :;r'ction wc·lded tubr• in 4fi rnrn t1nd :r) mrn x l .', rnm '.ii/'.":: 
Thi:; C<1r1 h•· :;upp]ir•cl by K<illiti, ;1:; 1_·,1n :;Ii•·• t f<Jt rr1.iK.i:-1·1 
hr,1ck•·ts, hut tl1<· b,1r for th•·:;•· it<•111:: rn1J:-;t !)" in:[>CJrf•·d. '!'!1" .i;·:I· 
i:.; m;Hl·· lrorn irrq1ortc·d b,1r, jn sirnil.ir f;1:;hinn fCJ tlL1' l<ir 111" 

.-inimal c·,1r1-:;. 'J'h1• l•·;if sprinqs .:.1n Ii•· :>1Jf1[1Jir•d !)y !-:t:1io-::r,r J!l•j: 

hut it 1:; .-i:;:;urncrl th;it, initiillly <it lr·;i:;t, '.;11iL1hl·· ·.vh•·•·l·:, 
whicl1 <1<:1_·•·pt :;L1nd.ird motor cycl•· t·1·r .. ~;, wi JI h•· im11ort<·d 

I 
I 
I 
I 
I 
I 
I 
I 

' 
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T.::~:ll ... E c.: ~.::-[~:.:.~ AND CC~PONENT REQUIREMENTS FOR PICK-UP/VAN ATTACHMENT 

~2~erial Apclication 

Square Section ~il~ Chassis 
3 tee l TL. ::;e 
( F r c "· ,. ~ t ~ c l l e c S t r i ~ ) 

i''li l d Ste€·l ·--c :_ 0 clleC Brackets 
Sheet 

·;; i 1 j ~tee: ~:a='< t!ar Brackets 

.:. x le 

Leaf 2::r:1; Co--:=:._e:.e Susoension 
~ii t ~ s~a=~les 

'Jheels =~---1 =l~~.e ·~·'heels 

. u ts ~ .-- ~ =~i-_s 3rackets 

Quantity/ 
Attachment 

32 kg 

5 kg 

5 kg 

1 2 kg 

Pair 

Pair 

Set 

Cost Birr Cost/Annum 
(Birr) 

2,300/Tonne 18,400 

2,000/Tonne 2,500 

1,375/Tonne 1 , 7 2 0 

1 ,375/Tor1ne 4,125 

120/Pair 30,000 

28D/Pair 70,0CO 

5/Set 1 '2 50 

- - -

Source 

Kalli ti 

Kalli ti 

lmportec 

Imported 

Ethio-Sprinc;is 

Imported 

:mportec 



complete with hubs. Miscellaneous nuts and bolts to attach the 
brackets to the motor cycle must be imported. A breakdown of 
material costs is given below: 

20,l)OO 
5,845 

30,000 
71, 25J 

Local Materials 
Imported Materials 
Loca 1 Corr.ponents 
Imported Components 
Total 127,995 Birr/Annum 
Average 512 Birr/Attachment 

To this must be added the cost of building and painting the body 
by a local industry. This is estimated at SOJ Birr per 
attachnH'nt. 

Processing materials will also be required: 

Welding Wire 3 Birr/Attachment 

Manufacture of the attachment will utilise focilitics in tlw 
Tube Manipulation, Machining, and Paorication and Assembly 
Sections of the factory. Each of these is discussed below: 

Tube Manipulation Section 

The chassis members arc cut to length he>n~. Since tlw 
chassis is best made from square rather than round section 
tube a cut-off saw is required to make the members. The 
chassis is made up from 28 lengths of tube and the cutting 
time is 560 seconds per attachment, 40 hours rJcr annum. 

Machining Section 

The axle is machined here, in the same way as for the 
animal cart. Also comp0ncnts for the m0unting brackets 
<'Ind rear rollers are turned ond drilled. Operation tim0s: 

ill i n I il t tac hm c n t hnurc;/annum 
150 Turning (Chucking Lathe) 35 

Drilling 6 l rJ 

Fabrication and A~scmbly Section 

B0causc quantities ar'~' low, r•v•'n '.oimpl•' pr•'s:; t()olinq i'.; 

not justified for makinq thr' hr.-1ck1't'.;. Thr"/ wi J l tlwr•'forc' 
be cut rinrl bent from '.;hr'1.'t usinq f,1cj]iti1•:; in this 
section. Thr section i~; <1lso u~~1'd to weld th" basic cha:;~;i~; 
on a jiq, and for fin,11 <1ss1,rnhly ol hrackr't~:, i!Xl•·, sr1rinq: 
.-rnd whcr:ls to thr, comiil•'tr•d hody/ch.-i:;sis unit. llf1"1-,1tion 
t i nH, ~; d r" : 

Ct1 i 1 lot in•· 
!~h1'r~t M•'Cl l 
i\i•·l<linq 
f\ ::-; ~~ ,. fTI l) 1 '1' 

mi 111,tt t ,1cti111•'nt 

l '1 

B•'rirl"r i,rJ 
( J () 

3 () 

: I ( ) I r : ; ';i r I~ I . i :1 

(, r > 

I/ 'i 
J ., r 
J / ) 
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I. 
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A welding Jig, a set of templates for guillotining and 
a set of hand tools are also required. 

5. Material, Equipment and Labour 

Table 5 details ttw annual requirement o! matl'rials and 
components for the manufacture of the animal cart, bicycle 
trailer and motor cycle attachments. Tooling nePded for thC'SC' 
items has already been detailed. The utilisation of plant in 
the various sections of the factory is analyEcd below to 
determine the additional labour and oquipnH•nt requirements: 

Tube Manipulation Section 

hour:~ /'' nn um 
Tube Cutting 2SS 
Dcburring 255 
Hydroulic 'I'ubc Bender 20ll 
Cu t-orr Saw 4 o 

All thes0 operations can be accommodated using the 
equipment specified for bicycl<" ,1nd motor cycle production, 
even al lowing for tool setting tinw, excc'pt thllt one 
cut-off S.:lW must be purchased. Un0 ,1cld it i ona l work0r w i 1 1 
be required for this section. 

Press Forming Section 

Press Forming 

This can be accommodated us1nq thr' r·xistin<J equipment ,1nrl 
workers in this section. 

Machining Section 

Turning 
(Chucking Lathe) 
Drilling 

l ,745 hours/l!nnum 

l S 0 ho u r :; ; ,1 n n um 

The turning of components will n:-gu1n• on1• additional 
chucking l,1thc. Two ddditioni11 workc,rs will h1_' n'quir 1 •d 
in this s0cbon. 

Upholstery Section 

'J'tw or)('rat]ons flCC(' amount t.o L'JI) /J()~ll!j/dflfllllll .tnd c;111 tH' 
;iccommodol(•d u:;inq th(• r·xi:;t.111q 1 •q1Jif>rr1•'nt ,ind wurkf'r. 

Pajnling Section 

'l'llf• tr.-iil•'l i:; pdinti·d u:;irir1 th•' :;.ir11r· pl.int ;1:; f()t liir·\·"]" 
.1rvi motor cyr·]•' pnJd11t·tirrn. fl ti.ind ::r>1;1·,-1r!•J •;·;:·.t··111 1·· 

1·1·r' 1ir1'd for· fJ,1int.inq th·· v:l1•.,·l ·.i;.:l" d ::;r·mli] 1··:· .. rnrl 
:;idf'Cdr:;. <1r1•· .irlrlitional W(Jrk"r w1 JI ·l»· ri• 1•d•'<l. 

Fabrication and /\ssemb 1 y S<~ct. ion 

This i:; dn ;irldit1onal sr'clion rf'quirr'<l 11Jt tlH· m;inuf;wtur•· 
of th<'~ir' i::r;ms. <JfJ<'ration timr,~; ,1rr·: 

r,1 
.I 
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~ .. :: :.._ '-- ~E:~r~E~E~7 OF MATERIALS AND COMPONENTS 

.:;, .. ~-= .::._ w -= -= '<all i ~ i 

~--:;::: ... =---'=~t -<2llit.:. 

~::t~- il~ Steel ~ar 

._, - - ---: ;:::: - ... 

~~·-·=-~~~::: 

Cart ~heel/Axle 
Assembly 

2 3. ~ I C" :----, f; 

55,030 Birr 

53.5 Tonne 

i27,000 Birr 

E 3 -:- onne 

86,625 Eirr 

u=:s,c:=::- 2irr 

5J,CO~ 8irr 

1 4 , ~ 1-~ J 5 i r :-

Bicyr~le 

Trailer 

1 6 I CJ n ii~ 

32,200 Birr 

~S.25 Tonne 

30,508 3i:::-r 

• 2 5 Tc il ne 

,72J Birr 

2 ~ '~; --- Birr 

, ....,. ~ r .-. 

.:... :; ' ~ l_,' l_' ~ i ........ 
__, ...1... .I.. .i... 

g , O ~~ ::- B i :::- :::-

Motor Cycle 
Attac~~ents 

50 ~ on.--.e 

115,0CG Birr 

37.25 Tonne 

76,500 Birr 

9.25 Tonne 

12,720 Birr 

100,'.JOC: 

1es,2s::: 

B i r r- ~: 

~ ~ ..... T" 
LJ .... .i.. .I.. 

2,75::: Birr 

Total 

87.9 Dn~e 

202,230 Birr 

116 Tonne 

232,GOO Birr 

73.5 Tcnne 

1C:1,0E5 Birr 

526,C:OO Birr 

2e9,750 Birr 

34,75~ 3i:r 

::_' -~~ 3c~ies ~uilt ~Y lccal industrv - estinate~ value 125,CSO Birr/Annun 

- - - - - - - - - - - - - - - - - - -· 
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Guillotine 
hours/a!1num 

1 , 21 5 
Sheet Metal Bender 
Sheet Metal Rolls 
Welding 
Product Assembly 
(including hand shearing 
and rivetting for trailer 

1 , 1 25 
4 50 

4,625 
2,245 

This will require the following items of equipment: 

1 Guillotine 
l Sheet Metal Bender 
1 Sheet Metal Holling Machine 
3 Mig Welding Sets 

Eight workers wi 11 be rcqu ired, thn'(' for sheet mvta 1 work, 
three for welding and two for product oSS<-·rnbly. The tiff"" 
sheet meta 1 workers provide the capacity to use' ttw 
Guillotine to prepare sheet for press forming oper;itiuns 
on bicycle and motor cycle components. 

No t e t ha t w h c e l s f o r t h c t r a i 1 e r a n d ~; i d , 'ca r a re a ~; s cm !J 1 , , d 
using cxistinq facilities and stl!ff in ttw hicycl1' ,1nd 
motor cycl~ assembly sections. 

'l'I 
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ANNEX 15: THE BASIC TRANSPORT 
VEHICLE (BTV) 
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ANN~X 15: THE BASIC TRANSPORT VEHICLE (BTV) 

The concept of the BTV (sometimes also known as the Asian 
Utility Vehicle) was .introduced by several of the mojor inter
nat ion.11 automotive manufacturers in the early 1970s. Aimed 
specifically at developing country markets, there were two 
mdjor reasons for its introduction: 

i) light commercial vehicles constitute a significant 
part of the motor vehicle market in most developing 
countries. A market was therefore identified for a 
low-cost, simple but rugged, light commercial 
vehicle with good load carrying capacity, 
adapLability to different uses, and reasonable 
performance. 

ii) developments in production technology were tending 
to raise the level of output at which vehicle 
manufacture became economically viable. At the saille 
time there was pressure in many developing countries 
to establish vehicle ind~stries, but the level of 
demand was too low to justify anything other than 
local assembly of conventional motor vehicles. The 
BTV's were therefore designed to increase the level 
of local content that was viable at low output 
levels. 

Thus BTV's were designed to perform the same transport 
functions as conventional pick-up trucks of 1-1.5 tonne 
payload capacity. Their distinctive design features were 
aimed at simplicity, low-cost, and local manufacture at low 
output levels. 

All BTV' s are "forward-control" vehicles, that is to say the 
driving cab is over, rather than behind, the front mounted 
engine. Like pick-ups they have a separate chassis and can 
therefore be fitted with a variety of different bodies. The 
most common applications use a pick-up or van body or a pick-up 
with a canopy and two rows of bench seats to carry passengers. 

All BTV's use drive-line assemblies from the manufacturer's 
standard product range. They share the same drive-line layout 
as conventional pick-ups - front-mounted engine (always a four 
cylinder, four stroke usually of 1300 or 1600cc C-=l[>ncity, 
though some models are now available with diesel, rather than 
petrol, engines of larger capacity), clutch and gearbox mounted 
directly behind the engine, with a propeller shaft driving to 
the rear axle, which is located on leaf springs and telescopic 
shock absorbers. 

Conventional pick-ups use a chassis formed from a series of 
large pressings that require heavy investment in equipment and 
tooling. To suit small-scale local production, the chassis of 
a BTV is a welded structure formed from standard steel sections 
and simple brackets fabricated from sheet steel. Thus the 

'Hl 



chassis can be produced economically at low output levels using 
standard metal working and fabrication equipment, and welding 
jigs. 

The cab structure of a conventional pick-up is constructed from 
a series of pressings which in manufacturing terms are complex 
shapes, again requiring heavy investment in equipment and tool
ing. The cab structure of the BTV is constructed by spot 
welding together a series of panels. Each panel is a simple 
shape, either flat, or with sharp or single curvature bends, 
that can be made from flat sheet using simple fabrication 
equipment. To ensure that the cab is simple to make the wind
screen and side windows are of flat glass, there is no plated 
trim and no radiator grill, simply a hole in the bodywork to 
allow throughflow of cooling air. The simplicity of the 
structure extends to the cab interior. The floor and dashboard 
panels are fabricated from steel sheet to simple shapes. 
Interior fittings are basic to keep costs low, with the minimum 
number of instruments, and no interior trim. The doors (if 
fitted, since BTV's can oe made with open body sides) are 
fabricated from sheet steel and standard sections and have 
sliding rather than winding windows. The rear bodywork is made 
by similar fabrication methods using standard materials. 

Thus by appropriate design, a significant element of the total 
content of the vehicle, the body and chassis, can be produced 
economically at low output levels using standard metal-working 
facilities. This feature, combined with the basic specifica
tion of the interior and body, keeps the price low. The design 
of the vehicle also facilitates the local production, either in 
the factory or by ancilliary industries, of other components: 

i) all windows are simple to make being of flat rather 
than curved glass; 

ii) the seat designs are simple so that the tubular 
frames can be made and upholstered locally; 

iii) some designs use a beam front axle mounted on leaf 
springs, rather than the conventional, and more 
complex, independent front suspension using coil 
springs. The beam axle and leaf springs (front and 
rear) suit local manufacture; 

iv) it is also feasible to make locally items such as 
the fuel tank, control pedals, exhaust pipe and 
plastic moulded fittings; 

v) where suitable ancillii:lry industries exist, other 
locally m<lde components can t'e incorporated: 

batteries; 
tyres and tubes; 
shock absorbers; 
brake and ste1.?riny pdrts; 
engine components; 
window seals. 
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Thus in summary the BTV provides the capabilities of a pick-up, 
is simpler to maintain because of its basic specification, and 
can be man~factured with significant local content. Price 
comparisons vary from country to country, but it is reasonable 
to expect that a BTV could be made available for about 75% of 
the cost of an imported pick-up. Local content is more 
difficult to quantify because it is dependent on the definition 
used, on the state of development of the component industry, 
and to an extent on the level of output. This is best 
investigated in more detail in the Philippines, where several 
makes of BTV are in use. 

if: 




