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SUMMARY 

An IDRC consultative mission was sent to Ethiopia in May 1984 to investigate 
the opportunities for diesel fuel conservation in the freight and passenger 
transport sectors of that country. The overall purpose of the mission was to 
investigate the structure of the road transport sector, especially in state 
organizations, and to study the operating conditions of the truck and bus 
companies, collecting whatever data was available. This information was to 
be related to possible research opportunities in fuel conservation which may 
have relevance to the Ethiopian situation. In the course of analyzing 
background information and interviewing key officials, a range of issues in 
the transport sector were touched on: 

i) 

ii) 

The Road Network 
Addis Ababa acts as a hub for most passenger and freight transport 
movements. Addis is responsible for handling about 63% of all dry 
freight and 7 5% of all fuel in the country • 

The Structure of the Road Transport Sector. 
Road transport is controlled in Ethiopia by the Ministry of Transport 
and Communications (MOTAC). Its administrative and regulatory 
department called the Road Transport Authority · (RT A),. licences and .. 
regulates all traffic whether passenger or freight, public or private. 
For the sake of explanation in this report the operation of vehicles in 
Ethiopia may be underst()od to come under the direct control of three 
main institutions or sectors. 

a) MOTAC 
The MOTAC has set up the National Transport Corporation 
(NATRACOR) to operate and maintain state-owned buses and 
trucks as well as control the majority of passenger and freight 
movement in Ethiopia. For example it is reported that 80% of all 
Ethiopian freight movement in terms of tonne-kilometers is 
moved in NA TRACOR controlled vehicles • 
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General Ethiopian Transport (GET) operates and maintains state-
owned maxi-buses (avg. capacity 61 persons) which provides all 
public bus services in Addis and about one quarter of the maxi-
buses for inter-city travel. 

The Freight Transport Organization (FTO) operates and maintains 
state-owned freight trucking services. They own about 15% or 
1100 of the commercial truck f'leet in the country. Their vehicles 
are generally better maintained and newer than the rest of the 
fleet. 

b) Associates 
The associates constitute the large private sector component of 
the transport sector. All regional and rural bus service is 
provided by this group on an estimated llOO midi-buses (avg • . 
capacity 27 persons) and 1100 mini-buses (avg. capacity 
11 persons) as well as 470 maxi-buses. Over 6000 trucks (85% of 
the commercial fleet) of varying capacity are owned by 
associates. 

Associates are regulated not only by RTA through licencing and 
load limit controls but also by NA TRACOR. For bus service this 
body regulates routing, service pattems and tariffs. AU freight is 
collected and dispatched through regional state offices which 
allocates loads to private owners. 

c) Other Government Fleets 
·Most Government Ministries appear to have fleets varying widely 
in s'ize and types depending on the function of the agency. 

The Defence Ministry and the Relief and Rehabilitation 
Commission (RRC) were the two largest of these. No data was 
available from Defence but RRC, the national aid distribution 
organization, reports to have over 2000 vehicles and the second 
highest fuel consumption amongst government fleets after 
Defence. 
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Hi) Maintenance Practices and Training 
Maintenance facilities are available in Addis Ababa for both GET buses 
and FTO trucks. Central facilities are available for major overhauls 
while minor maintenance is carried out at bus and truck terminals. 

Associates must use private garages. With the exception of Assab all 
repairs outside of Addis are carried out in private garages. 

Maintenance practices appear to be uneven especially among the 
private sector who are as yet unregulated. Parts availability poses 
problems, especially with the wide variety of manufacturers and makes 
of vehicles. In this regard mechanic training also poses problems. 

Maintenance and driver training i~ -formally given at several locations. 
RTA runs a Driver Training Centre for drivers of state-owned truck 
fleets and a Mechanic Training Centre which provides training for Fiat 
vehicles only • 

GET operates a bus driven training program while FTO operates both a 
truck mechanic and driver training programs. 

A mechanic training program is also available at the college level of 
education. 

iv) The Road Transport Study 
The World Bank has recently funded an exhaustive study of the road 
transport sector in Ethiopia. The consortium of Jorgenson and Hughes 
carried out the analysis of the passenger and freight transport sector 
and provided an implementation plan for carrying out their 
recommendations. The World Bank is scheduled to fund implementation 
in July 1984. 

H implementation proceeds it will have a major impact in strengthening 
and reorganizing the road transport sector. NA TRACOR will be divided 
into the Passenger Transport Corporation (PTC) and the Freight 
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Transport Corporation (FTC). Most responsibilities will be retained but 
the organization of passenger and freight movement will be streamlined 
and· strengthened so that by 1995 PTC will own 50% of the passenger 
capacity and FTC will own 70% of freight capacity. 

Conservation Issues 

A series of diesel fuel conservation issues were identified which both 
were related to the transport sector and had relevance for possible 
research projects. Each issue is largely related to the North American 
experience. The appropriateness of each issue to the Ethiopian context 
must be verified. For example, issue i) below raises turbocharging as a 
possible solution to variable air /fuel ratios. Some reports suggest, 
however, that the extra costs of capital, replacement and maintenance 
offset fuel savings unless diesel costs are greater than 
U.S.S 1.25/gallon.1) 

Most important of these issues are as follows: 

i) Diesel Engine Air Induction Systems 
Because of the great elevation differences commonly experienced 
on routes in Ethiopia (e.g. Addis Ababa to Assab, 2400 m to 0 m) 
performance varies widely on naturally aspirated engines. An 
engine in Addis should expect to lose 20% of its rated horsepower. 
Incorrect air to fuel ratios also lead to incomplete combustion and 
fuel wastage. If engine air induction is effected by turbo-
charging no losses are experienced ~t any elevation. Few turbo-
charged vehicles, however, exist in the NA TRACOR fleets. It is 
not generally possible to install a turbocharger on vehicles 
currently in the fleet. Power train components must be oversized 
to handle the extra power developed in tur~ocharging. 

1) "Energy and Transport in Developing Countries: Towards Achieving 
Greater. Energy Efficiency", Transportation and Water Dept., The World 
Bank, Feb. 22, 1983. 
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ii) Diesel Engine Fuel Injection Systems 
Bus and truck garages have attempted to find compromise fuel 
injection settings to ameliorate the problem mentioned above of 
poor performance at differing elevations. Compromise settings 
do not solve the problem but lead to generally all-round poor 
performance. 

Fuel injection settings are sometimes tampered with to give 
higher power at the expense of fuel wastage. 

iii) Diesel Engine and Other Vehicle Component Specifications 
Attention needs to be given to engine specification writing for 
fuel conservation. In particular: 

rating engines of higher horsepower for better fuel efficiency; 
rating torque rise of engines for best performance on grades; 
inclusion of clutch fans; 
radial tires for paved road, high speed use; 
wind deflectors for paved road, high speed use; and 
tractor trailer combination units. 

There is some indication that even when vehicles are specified 
and preselected to meet certain performance criteria the final 
selection of vehicles may be based on other non-technical factors 
such as the attractiveness or availability of aid packages. 

iv) Driver Performance 
Driver education has only been recently introduced to Ethiopia 
and fuel conservation is as yet not part of the curriculum. A 
range of bad driving habits were reported: 

idling unnecessarily; 
no refueling at the end of a day; and 
poor shifting characteristics • 
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• v) Other Operations Factors 
poorly maintained roads forces uneconomical speeds and 
greater rolling resistance; 
passenger and material handling in terminals is inefficient 
forcing longer idling stops; 
traffic flows are poor due to factors like shared access with 
pedestrians and livestock and lack of passing lanes. 
lubricating oil could be filtered and mixed up to 10% with 
diesel to augment supplies. 

vi) Preventative ~aintenance 
Lack of preventative maintenance programs causes poorly tuned 
vehicles to waste fuel. It also causes overtaxing of the transport 
and maintenance systems which are constantly operating under 
emergency conditions. 

vii) Fuel Conservation Data 
• No systematic method for fuel data acquisition or analysis is in 

place in Ethiopia. A record system is important to fuel 
conservation efforts and can be implemented almost immediately. 
The Road Transport Study has recommende,d a comprehensive 
system of data acquisition which will include fuel consumption. 

• 

viii) Educational Programs for the Private Sector 
Associate operaters form the majority in the commercial 
transport sector. No program has been designed to improve their 
driving skills or raise their awareness of fuel conservation 
techniques. North American experience has shown that driver 
techniques can contribute as much as .50% to fuel savings. The 
commitment and ability of the Ethiopian public sector to reach 
this group would have to be assessed before an educational 
program was designed. 

Private maintenance garages are widely acknowledged as 
sustaining the majority of the transport sector. The quality of 

vi 



• 

• 

• 

service varies widely, however, and currently is not regulated. It 
will be important to reach this sector with technical information 
relating fuel conservation to maintenance practices. This task 
may be a difficult secondary one until this sector is better 
regulated. 

ix) Information Dissemination 
Conservtion as an ethic is not recognized in Ethiopia. North American 
experience has shown that general media or information campaigns 
have been important in reducing fuel consumption among the general 
public. 

Also important have been the targeted technology transfer information 
programs. Specific information refevant to operators, mechanics, fleet 
managers or policy makers has been important in providing practical 
guidelines in reducing fuel consumption. It is not known whether such a 
program would be culturally or politically suitable in Ethiopia • 

Conclusions 

A research project should be carried out in Ethiopia in cooperation with 
IDRC. The Road Transport Authority could take on the role of coordination 
while research could be carried out at the Driver/Mechanic Training Centre, 
Freight Transport Organization and/or General Ethiopian Transport. All of 
these organizations have expressed willingness to participate in a research 
project. 

Every attempt should be made to coordinate research with the 
implementation of the Road Transport Study. It will be important for the 
participating organizations to dedicate people and resources exclusively to 
the research program because the R TS is expected to have an overwhelming 
impact on the transport system • 

Ethiopian institutions have expressed a preference for a research project 
yielding short-term concrete results in fuel savings. 
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Recommendations 

The first element of research should concentrate on vehicle performance. 

Under a demonstration program, a systematic analysis and comparison of the 
fuel consumption characteristics of both trucks and buses should be 
undertaken. 

The purpose of the research would be to: 

establish the. long-term cost-benefit analysis of employing the 
researched alternatives in the Ethiopian fleets. 
establishing appropriate maintenance procedures; 
establishing equipment specifications for new vehicles; and 
coordinate the implementation of fuel efficiency measures with 
the implementation of the Road Transport Study and the 5 and 
10-year Road Transport Plans • 

A sample of parameters to be compared and analyzed include: 

specification of vehicle power trains to minimize fuel 
consumption, maximize standardization of parts and components 
and maximize competition between manufacturers of vehicles. 
turbocharged vs. naturally aspirated air intake systems; 
appropriate vehicle configurations, sizes and fuel injection 
settings for differing terrains; 
radial tires vs. bias ply; 
appropriate training for drivers and 
improv_ement in Preventative Maintenance Programs. 

A more complete list is included in Section 4.0. 

The second element of research should concentrate on a systematic analysis 
of the institutional support required for technology transfer of fuel 
conservation. 
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This element will require a training component of at least two people,: 
1) A conservation coordinator, likely from within RTA, to pursue 

Master's level supplementary programs relating to; 
establishing data systems for fuel conservation programs; 
creating information programs for driver training fleet 
management, specification writing and research management. 

The Toronto/York University Joint Program in Transportation offers the 
potential to coordinate the research anc;I educational experience for the 
selected candidate. 

ii) A Driver/Mechanic Trainer, likely from the Mechanics Training 
Centre, to pursue a Community College level program related to 
supplementing the candidate's experience in diesel mechanics and 
driver education • 

Education would partly relate to: 
fuel injection systems; 
turbochargers; 
engine tuneups; 
dynamometer testing 
tire and bearing maintenance; and 
truck/bus operations for maximum efficiency. 

Ontario community colleges such as Sir Sanford Fleming in Lindsay or 
Fanshawe in London could adequately design and supervise a program. 

The overall purpose of such research training would be to design: 

curriculum additions for fuel conservation in mechanics and 
driver's training courses; 

a data acquisition system for gathering and managing fuel 
consumption and related transport data; 
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information systems required to promote fuel conservation 
amongst selected target audiences such as drivers, mechanics and 
fleet managers; and 
implement pilot research and demonstration projects in fuel 
conservation • 
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1.0 INTRODUCTION 

The International Development Research Centre (IDRC) in 1983 embarked on 
a program of project development and research assistance related to energy 
supply and demand in developing countries. 

Initial investigation in Africa found that Ethiopia, through their Science and 
Technology Commission, was interested in supporting research in fuel 
conservation in the road transport sector. Transport alone consumed about 
70% of the petroleum imports. As well 93% of freight and 98% of passenger 
movements were by road. 

The issue of fuel conservation was felt to be particularly relevant to issues of. 
development. Ethiopia, like most other-Cleveloping countries, was caught in 
the squeeze of requiring scarce foreign exchange to purchase petroleum 
imports which in turn were needed to fuel the drive to modernization. 
Conservation appeared to be the most direct approach to decreasing 
petroleum consumption and hence freeing foreign exchange. As well, the 
transport sector in Ethiopia as in most developing countries was the major 
consumer of petroleum. 

In May 1984 a consultant visit was made to Ethiopia to investigate possible 
cooperation between IDRC and the Provisional Military Socialist Government 
of Ethiopia. The consultants were to investigate the likelihood of a research 
project related to diesel fuel conservation in the state-owned truck and bus 
transport sectors. Specific recommendations were to be made on: 

a) factors requiring experimental and systematic study; 
b) the elements of a desirable research project which could be 

systematically analysed; and 
c) training and demonstration required to support the research. 

The following is a report of that consultant visit. In the course of the two-
week investigation the consultants met with over 18 people connected with 
the transport sector. These are listed in Appendix 1. 
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Visits were made to parastatal truck and bus terminals, mechanic shops, as 
well as planning and operations of fices of bus and truck fleets. A three-day 
trip was made to the south of Ethiopia to investigate major transport routes, 
rural road conditions and maintenance facilities in rural areas. Near the end 
of the vi.Sit a half day seminar was held with over 20 selected people (see 
Appendix 2). Fuel conservation issues were presented by the consultants and 
these were amplified by the participants. Participants then suggested how 
issues could be developed as relevant research projects and these were 
priorized. The meeting received newspaper, radio and TV coverage (see 
Appendix 2) and was generally described as a "first" for Ethiopia. 

Chapter 2 of this Report outlines the structure of the Ethiopian Passenger 
and Freight Transport Sector, describes the operations of that sector and 
reviews an important 1984 Road Transport Study (R TS) funded by the War Id 
Bank. Chapter 3 presents Conservation Issues which were thought to be 
important factors requiring further study in the Transport Sector. Chapter 4 
presents recommendations for the elements of a desirable research project 
and outlines the training and demonstration activities required to support the 
research • 
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2.0 THE ROAD TRANSPORT SECTOR AND DIESEL FUEL UTILIZATION 
IN ETHIOPIA 

2.1 The Road Network 

The population of Ethiopia in 1983 was estimated to be over 33 million. The 
land area is approximately 1.2 million square kilometers. The relatively !Ow 
population density and the spread of economic activity centers creates 
difficult transportation conditions. 

Ethiopia has an all weather road network of about 13,200 kilometers. Of 
these, 3,500 kms are asphalt, 7 ,430 kms are gravel and 2,300 kms are rural 
roads. 

The road network that serves to link economic activities is not very dense. 
The average length of roads per person for 29 developing countries is about 
0.002 km. Ethiopia has. about half this average. Combined with the difficult 
terrain, the low road network density frequently results in inadequate 
accessibility. 

The spatial organization of the road network clearly indicates the centrality 
of Addis Ababa. It is the primary mode from which radiate the connecting 
links to other smaller centers of activity. The section from Addis Ababa to 
Assab is the most heavily travelled, with an average daily traffic count of 
2,430 vehicles in 1981. This link connects the port of Assab with Addis 
Ababa, and on it flow most of the import/export freight movements. The 
flow of goods on this road ls particularly important to the economic situation 
in Ethiopia. For example, about 7.5% of the petroleum imported and 
processed at Assab ls transported via this route to Addis Ababa. One of the 
themes that became apparent to the consultants is that planning, 
management and control of transport on this road section is of strategic 
importance to Ethiopia's development • 
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2.2 Structure of the Road Transport Sector 

The structure of the Ethiopian Transport Sector is highly centralized. Most 
commercial traffic of freight and passengers comes under the authority of 
the Ministry of Transportation and Communication (MOT AC). Freight 
operations are regulated by the Freight Transport Service (FTS) while 
passenger operations are regulated by the Passenger Transport Service (PTS). 

Other large fleets handling non-commercial goods are maintained by the 
Ministry of Defense and the Relief and Rehabilitation Commission (RRC). 
Smaller fleets are maintained by various Government Departments to serve 
their mandated needs and a number of private enterprises operate their own 
passenger services. The purpose of this report is to investigate research 
projects in fuel conservation relevant to the commercial transport sector of 
Ethiopia. MOTAC's structure and impact in the country is hence of primary 
importance. Other institutions.-are identified as owners of fleets to suggest 
the breadth of interest in fuel conservation research • 

The structure of MOTAC is described in detail below and possible centres of 
research are identified. Other government agencies are identified in the 
following section as having a possible interest in the outcome of research. A 
schematic of the Ethiopian Road Transport Structure is presented in 
Figure 2-1. 

2.1.1 The Ministry of Transportation and Communication (MOTAC) 

The Ministry of Transportation and Communication (MOT AC) currently has 
under its authority eleven (11) departments which encompass all forms of 
communication and transport in the country. This includes 
telecommunication, air, maritime, rail and of course, road. 

In the area of road transport two departments are directly responsible for the 
regulation, control and operation ·of virtually all traffic. These are the Road 
Transport Authority (RTA) and the National Transportation Corporation 
(NA TRACOR). 
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a) THE ROAD TRANSPORT AUTHORITY (RTA) 

The role of RT A is the regulation of aJJ road transport sectors. They are 
responsible for setting load and size limits for vehicles and for maintaining 
these limits. They control vehicle licencing, patrol highways and operate 
weigh stations from 15 regional offices as part of their mandate. 

In the last three years they have operated a Driver Training Centre and 
Mechanic Training Centre on the outskirts of Addis Ababa to improve the 
level of competence in drivers and mechanics. 

The organization Chart Figure 2-2 indicates the structure o"f RTA. 

b) THE NATIONAL TRANSPORTATION AUTHORITY (NA TRACOR) 

NATRACOR is responsible for the regulation of most commercial traffic and 
the operation of a growing percentage of this service. Services are divided 
administratively into Passenger Transportation under Public Transport 
Service (PTS) and Freight Transportation under Freight Transport Service 
(FTS). 

Public Transportation Service (PTS) 

The Public Transport Service (PTS) administers aU public commercial 
passenger bus traffic in Ethiopia. This includes urban bus service in 
Addis Ababa as well as interurban bus traffic both for regional service and 
for long distance intercity service. Administration entails the registration of 
all commercial buses and the assigning of bus routes to bus owners and 
drivers. PTS has divided the country into 4 regions administratively; Addis 
Ababa and 3 areas or "Ketenas". Bus service is controlled from Addis Ababa, 
however, and the only PTS operated maintenance garage is there • 
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Operations of the PTS-owned fleet of buses is controlled by General 
Ethiopian Transport (GET) in Addis Ababa. GET owns and operates Addis 
Ababa's 214 urban transport maxi-buses.* From the same central terminal 
they own and operate about 150* maxi-buses for intercity use. This 
constitutes about one quarter of the country's fleet of maxi-buses serving 
intercity routes. 

The majority of the country's bus capacity is privately owned and operated. 
All midi* and mini buses* (about 1,100 of each ) and three quarters of the 
maxi-buses* (about 470) in Ethiopia are privately owned by "associates", so-
called because before nationalization of the bus system they were associated 
with PTS. They are now regulated through a system of registration, tariffs, 
and route designation. 

Figure 2-2 shows the structure of PTS. 

Freight Transport Service (FTS) 

The Freight Transport Service performs a public common carrier service for 
private, government and mass organizations in Ethiopia. The FTS regulates 
and programs virtually all public freight activity. 

Over 7,000 trucks from ~ ton to 30 ton dry goods carriers and tankers are 
regulated by FTS. Regulation is carried out by the 6 regional offices (or 
Ketenas) which dispatch cargo. All freight movement is handled through 
these offices. Private operators with trucks not directly owned by FTS must 
register and wait to be dispatched from Ketana offices. 

* Size Definitions 
Maxi 
Midi 
Mini 
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FTS directly owns about 1,100 vehicles. These are operated and maintained 
by the Freight Transport Organization (FTO) division. FTO operates a major 
repair garage in Addis capable of complete engine and truck body overhauls. 
Minor service repairs are carried out at F.T.O. truck terminals. 

Parts for maintenance are procured and supplied through the Spare Parts 
Import and Distribution (SPID) division of FTS. 

Over 6,000 trucks are privately owned by "associates" under FTS. These 
vehicles are not maintained by FTS but rely on private garages for servicing. 

The structure of FTS in relation to PTS and RT A under the Ministry of 
Transportation and Communications is shown on Figure 2-2. 

2.2.2 Other Government Fleets 

A range of Ethiopian State Organizations were identified that maintained 
vehicle fleets. A selection of these were contacted and interviewed to 
determine the fleet size and specific interests in energy conservation. 
Almost without exception the transport departments of each organization 
expressed an interest in fuel conservation but were too caught up in their 
day-to-day operative mandate to have interest in carrying out research. 

The following list is not comprehensive but is thought to contain the names of 
organizations with fleets of any size. Lengthy comments are provided after 
those organizations which were visited. 

1. Ministry of Defense: Reportedly the largest fleet and fuel consumer. 

2. Relief and Rehabilitation Commission (RRC): 
Owns and operates a large fleet of about 2,000 trucks which after 
defense reportedly consumes the most fuel. 
Their role is to provide aid to stricken areas. As such, much of 
the driving is off-road leading to high maintenance and fuel costs • 
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Maintenance is carried out in Addis Ababa where they employ 235 
mechanics. 

3. Ethiopian Transport Construction Authority {ETCA): 
Manages a large fleet of road construction equipment. 

4. Ethiopian Building Construction Authority (EBCA): 
Manages a large fleet of construction vehicles such as dump 
trucks. 

5. Agricultural Marketing Commission, {AMC): 
AMC purchases grain from state cooperatives and distributes it to 
storage points and dealers. They maintain a fleet of 180 flat bed 
type diesel trucks through a central shop in Addis Ababa. Fuel 
consumption is very bad as much of the driving is on gravel roads. 
Consumption is reportedly from 0.8 km/litre to 1.5 km/litre • 

6. Ethiopian Electric Light and Power {EELPA) 
Reportedly a fleet of moderate size for transmission line repair 
and erection. 

7. Telecommunications 
Reportedly a small fleet. 

2.3 Vehicle Fleet Sizes and Conditions 

2.3.1 Buses 

At the present time, Addis Ababa, Jimma and Asmara are the only urban 
areas that use buses for mass transport. Inter-urban transport and long 
distance rural travel is also commonly done by bus. The operating and 
organizational structure of urban buses, on the one hand, make it convenient 
to distinguish these fleets • 
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Urban Buses 

The urban bus fleet in Addis Ababa controlled by GET had about 164 vehicles 
in 1983, with an additional 50 Volvo vehicles to be purchased in 1984. It has 
been estimated that on a typical day about 50% of the vehicles are 
operational. 

The GET buses are primarily Mercedes, Ikarus and Fiat; however each make 
of bus has several different models. Thus there exists a considerable variety 
of vehicle types which contributes to difficult maintenance and repair 
conditions. 

In addition to the GET vehicles about 1600 private commercial buses operate 
in Addis Ababa. Most of these vehicles have 40 seats or less and are thought 
to be gasoline powered • 

The bus fleet in Jimma is approximately 6 vehicles. The consultant was 
unable to determine the bus fleet size in Asmara. 

Inter-urban and Rural Buses 

The fleet of inter-urban and rural vehicles is composed of maxi-buses, midi-
buses and mini-buses. Maxi-buses have 45 seats or more, midi-buses from 20-
44 seats and mini-buses less than 20 seats. The distribution of vehicles by bus 
type is estimated in Table 2.1 • 
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Table 2-1 

NUMBERS OF BUSES BY TYPE 

Sources of Road Transport Study NA TRACOR 
Estimates (1982) (1984) 

Maxi-buses 
on road 421 
off road 66 
Sub-total 487 458 

Midi-buses 
on road 1,077 
off road 43 
Sub-total 1, 120 1,134 

Mini-buses 
on road 945 
off road 144 
Sub-total l,089 1,072 

Grand Totals 
on road 2,443 
off road 253 
TOTAL 2,696 2,664 

The estimates of off-road buses were based on the number of vehicles 
. described by PTS staff to the Road Transport Study consultants as awaiting 

major repairs or not expected to operate for an indefinite period. 

2.3.2 Truck Fleets 

NATRACOR has classified the vehicles that it controls by their capacity and 
the type of cargo. The Associates own about 84% of these total vehicles and 
the remainder, about 10%, is owned by the government through FTO. 
Numbers of trucks by capacity are shown in Table 2-2 • 
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Table 2-2 

Number of Trucks by Capacity (1984) 

Number of Vehicles bI CaeacitI (1984) 
(Tonne Capacity) 

0.5-2 2-.5 5-7 7-9 9-12 12 Total 

1. .Dry Cargo 
Trucks 

Zone 1 145 102 93 64 201 224 839 
Zone 2 220 93 70 80 460 61 984 
Zone 3 391 255 179 148 279 141 1393 
Zone 4 440 103 6] 84 261 136 1091 
Zone 5 1287 1287 
Asmara 50 69 49 18 281 364 821 
Subtotal 1247 622 458 394 1482 2213 6417 

2. Fuel Transport 
Trucks 757 

Source: NATRACOR 

The average age of the total fleet is just over 8 years. The Associate's fleet 
averages 9.5 years while the Government's is just under 4 years. 

There are about 35 different equipment manufacturers with Fiat the largest 
followed by Toyota, Peugot, Mercedes, Datsun and Mazda. 

FTO Fleet 

The FTO Fleet is composed of about 1,100 vehicles. FTO has recently 
purchased a large number of vehicles and over half of their fleet is two years 
old or less • 
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The 225 purchased in the current year are Fiat 300 PT power units. The 
horsepower rating of these vehicles is 260 HP, and these are all naturally 
aspirated diesel engines. 

Associates Fleet 

The Associate fleet is, in general terms, similar to the FTO fleet except that 
it is considerably older and has many smaller capacity vehicles. Approximate 
number of trucks owned by Associates is 6000. 

Other Government Fleets 

A number of government ministries or agencies have large fleets. These 
include the Ministry of Defense, the Reflef and Rehabilitation Commission 
(RRC), the Agriculture Marketing Corporation (AMC), the Ministry of Mines 
and Energy, the Ministry of State Farms etc. While these fleets are 
significant in size and consequently in energy consumption,· the details of 
their composition and condition were not available to the consultants. 

2.4 · Passenger Movements 

2.4.1 Urban Passenger Movements 

The Road Transport Study by R. Jorgenson and G. Hughes and The Energy 
Study by CESEM provide considerable detail on the estimates of passenger 
movement by bus, taxi and private automobile in Addis Ababa, with some 
mention of the other urban areas. The number of daily trips in Addis Ababa 
in 1982 by mode is shown in Table 2-3 • 
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Mode 

Walking 
Bus 
Taxi 
Private Car 
TOTAL 

Table 2-3 
ADDIS ABABA : DAILY TRIPS BY MODE 

Daily Trips in 1982 
(000) Percent 

1,446 
243 
206 
156 

2,051 

70 
12 
10 
8 --um 

The pattern of the vast majority of trips being made by walking is typical of 
many urban centres in less developed countries, but is frequently neglected in 
transport planning. It appears to the consultants from their observations that 
the single most important factor in helping to create more efficient traffic 
flows on the road network would be the separation of vehicular and 
pedestrian movements. 

The fleet of GET and other commercial buses carry the largest percentage of 
passengers by motor vehicle. However, the movement of passengers by the 
system of relatively inexpensive taxis is significant. 

2.4.2 Inter-urban and Rural Passenger Movements 

The number of passengers carried by the Public Transport Service (PTS) in 
1981/82 is shown in Table 2-4 • 
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Table 2-lf 
1981/82 Trip Capacity of PTS 

Passenger 
Passengers Kilometers by Kilometers 

(000) (millions) (000) 

Maxi Bus 7,676 1,107 19,947 
Midi Bus 21,794 1,208 43,976 
Mini Bus 9,803 312 91,086 
TOTAL 39,273 2,627 155,009 

Source: R TS Volume One - Transport Demand 

2.5 Freight Movements 

The centrality of Addis Ababa to freight movement is evident; it receives or 
originates about 63% of all dry freight. About 75% of all fuel from Assab is 
shipped to Addis Ababa and 51% of this is reshipped to other destinations. A 
similar pattern exists with respect to farm products wh,ich are shipped to 
Addis Ababa and then stored and reshipped to other destinations. 

The operating statistics for dry freight in 1982 by zone of origin are shown in 
Table 2-5 • 
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Table 2-.5 
ETHIOPIAN FREIGHT MOVEMENTS, 1982 

Number of Tril:!S Kilometers Tomes Trans~rted 
% (000) % (000) 96 

Zone 1 38,785 11 23,402 16 5,337 35 
Zone 2 68 ,.l 53 20 20,053 14 671 4 
Zone 3 97,363 28 33,817 23 7,285 47 
Zone 4 90,615 27 21,619 15 751 5 
Zone 5 J 24,996 7 42,576 28 942 6 
Asmara 16,965 _5 6z040 4 411 3 
TOTAL 343,800 100 147,500 100 15,400 100 

The Road Transport Study surveyed freight movements on the various road 
sections throughout the country. They concluded that: 

1. 90-9596 of freight traffic on the Addis Ababa to Assab and Asmara to 
Massawa routes is controlled by NATRACOR controlled vehicles. 

2. About 70-7596 of freight traffic within 200 Km from Addis Ababa or at 
distances up to 100 km from Asmara and the Assab to Addis Ababa 
route is moved by NA TRACOR controlled vehicles. 

3. 10096 of all liquid oil is moved in NATRACOR controlled vehicles; 

4. About 8096 of all Ethiopian freight movement, in terms of tonne-
kilometers, is moved in NA TRACOR controlled vehicles. 

Given the dominance of NA TRACOR controlled vehicles in the movement of 
freight, any energy savings measures that could be implemented by this 
organization on the vehicles it controls would have a major impact • 
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2.6 Maintenance Practices 

2.6.1 General Ethiopian Transport (GET) 

GET operates a large maintenance facility in Addis Ababa. Problems were 
observed to arise from a shortage of trained mechanics, special tools and 
readily available spare parts. Repairs are carried out on all parts of the 
various makes of buses. Engine overhauls are performed either with the 
engine in the bus or removed from the bus. No exchange engines are used so 
the buses are out of service until the engine overhauls are completed. 
Exchange gearboxes were available, however, so that gearboxes could be 
rebuilt without keeping buses out of service. 

A fuel injection room was located adjacent to the Engine/Transmission repair 
area. The fuel injection room is clean, organized and reasonably well 
equipped with a calibration bench and nozzle pop testers and so on. Fuel 
injection technicians were trained "on the job". Most were graduates of the 
local technical college where they received training in automotive 
mechanics. 

A separate shop handles all tire repairs and replacement. Mainly bias ply 
tires are used. Another shop handles all electrical repairs including the 
rewinding of stators and armatures for starters, alternators and generators. 
Body repairs and rebuilding take place in another area. 

Long lines of buses were observed waiting for repairs. The general condition 
of the buses is poor and preventative maintenance programs have not been 
possible because the faci'llty is taxed to the limit with regular and emergency 
repair_s • 
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2.6.2 Freight Transport Organization (FTO) 

The FTO maintenance facility in Addis Ababa is used primarily for all major 
component repairs for their fleet of 1,100 trucks. Complete overhauls of 
major components such as engines, transmissions, differentials and electrical 
equipment are carried out at this fadlity. Lesser repairs on complete 
vehicles are handled at five other operational depots. The main FTO 
maintenance facility has 5,000 line items in their parts department and they 
use an exchange program whenever possible. 

They have 161 mechanics on staff who have had automotive training at the 
Trades College as well as training in the FTO training program. Trainees 
rotate through the various departments to receive hands-on training in each 
area. They follow a specified schedule. _ -

The fuel injection shop has two reasonably new calibration benches and the 
required equipment to overhaul, calibrate and phase most in-line pumps • 
They lack some of the special tools for Mercedes and this is a problem. The 
engine and transmission overhaul areas are reasonably well set up with 
turnover stands as well as most of ,the special tools required for proper 
overhauling. Electrical components are rebuilt in a specialized area which 
permits the rewinding of armatures and stators. 

2.7 Driver and Mechanic Training 

The Road Transport Authority, the Freight Transport Organization and GET 
have training programs. 

The GET Bus Drivers Training Course prepares drivers to operate buses in 
accordance with its procedures. The course is conducted on an "as needed" 
basis and when vehicles are available. The course consists of up to 10 hours 
of practicle driving under the supervision of a bus inspector. The chief of the 
inspection section gives a 10-15 minute practical driving exam to each 
student on finishing the course • 
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The GET drivers course appears to be the only formal program for training 
drivers in the Public Transport Service. 

The FTO operates both a drivers and mechanics training course. The "Drivers 
Training Course" prepares truck drivers to operate gre1:de 5 government 
vehicles, that is," truck and trailer units or truck and semi-trailer units. 
Between 1981-83 there were 1202 participants in the course. The course 
includes: 

1 hour vehicle orientation each day; 
up to 10 hours practical driving with the help of an instructor; 
3 round trips from Addis Ababa to Assab as a driver's helper. 

The course usually takes about 2-3 weeks. 

FTO's "Mechanic Training Course" is intended to prepare technicians to 
maintain and service their vehicles. The course was begun by FTO because it 
felt that the graduates from other programs were not adequately trained for 
FTO's purposes. The course generally lasts about 24-26 weeks, and includes 
450 hrs. of hands-on experience, 500 hrs. of formal classroom instruction and 
another 50 hrs. for examinations and political instruction. There were about 
113 participants during 1980-83. 

The Road Transport Authority Training Center operates both a Drivers 
Training Course and a Mechanics Training Course. The drivers training 
includes courses for 3rd, 4th and 5th grade licenses. ·These courses contain 
both a theory section and an applied practice section. The theory sections 
include about 19 hrs. of instruction on road signs and regulations, fuel line 
systems, braking systems and steering systems. Students practice their 
applied skills on simulators and then have Individual instruction on. vehicles. 
This program has been in existence for 3 years and about 8,700 students have 
received 3rd, 4th and 5th grade licenses • 
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The RTA Mechanics Training Course appears to be sponsored by Fiat. An 
instructor from the Fiat corporation provides students with courses on the 
maintenance and service of diesel powered vehicles (primarily Fiat), but does 
not include turbo-charged engines. Plans are underway to expand the course 
so that other vehicle manufacturers are included. The expansion of 
mechanic's training depends on the aid of the manufacturers such as 
Mercedes and Volvo. 

It should be noted that a significant number of mechanics receive their 
training primarily through informal apprenticeships. While the consultants 
were unable to determine the extent or quality of this training, many 
individuals referred to a large number of mechanics who do private 
maintenance and repair work. The so-called, private, informal sector appears 
to handle a considerable portion of the maintenance services on non-
government vehicles. 

2.8 Fuel Consumption in Road Transport 

It has been estimated that Ethiopia imports 750,000 tonnes of petroleum per 
year at a cost of 430 million Birr. Of this, 7096 is used in the transport sector 
(excluding air and maritime uses). That means about 300 million Birr per 
year is expended fOr petroleum in transportation. 

Fuel efficiency in truck and bus vehicles Uiters per kilometer) have not been 
studied in a systematic way based on empirical observation. The Road 
Transport Study estimated that the vehicles in their survey obtained fuel 
efficiencies shown in Table 2-6 • 
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Table 2-6 
FUEL EFFICIENCIES BY CARRIER AND TERRAIN 

Truck & Trailer 
Heavy Truck 
Medium Truck 
Large Bus 
Med/Small Bus 
Passenger Car 
Light Goods (pick-up) 

Fuel Consumption in Kilometer /liter 
Flat Terrain 

3.7 
4.2 
5.3 
3.8 
4.2 
7.7 
7.7 

Rolling Terrain 

1.8 
2.5 
3.6 
2.9 
3.9 
8.3 
7.2 

Mountain Terrain 

0.9 
1.4 
2. 1 
1.8 
2.8 
9 .1 
6.7 

Source: R TS Volume 6 Transportation System Economics. 

The GET authorities indicate that their naturally aspirated buses obtain 
1.5 km/liter, while their new turbo-charged vehides get about 2.5 km/liter. 

In an experiment performance test, RTS staff drove various vehides from 
Addis Ababa to Assab and back. Results are shown in Table 2-7. 

Table 2-7 
FUEL CONSUMPTION TEST DATA BY FREIGHT VEHICLES TYPE 

Vehicle km/I per km/1 per 
Type km/l ton load weight km/I ton load weight 

Volvo NlO 1.76 .07 l.5 .06 
Mercedes 1.4 .04 1.1 .02 
Fikat 697 1.5 .06 1.2 .03 
Fiat 300 PT 1. 9 .08 1.4 .05 

They calculated that if FTO's present vehicle fleet with an average of 
1.46 km/l were replaced with vehicles having 330 horse-powered turbo-
charged engines having 2.05 km/I then an annual savings of about 6.5 million 
Birr would result solely on the trips between Addis Ababa and Assab • 
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The consultants were able to obtain fuel consumption data from FTO for 
their fleet of vehicles. These are shown in Figure 2-8. 

Figure 2-8 
FTO FUEL ct OIL LUBRICANT COMSUMPTION 

Fuel Consumed Oil Consumed 
Number of Litres Birr ·Litres Birr 

Year Vehicles (000) (000) (000) (000) 

1979/80 374 12,181.5 6,017.9 72.8 273.9 
1980/81 855 15,721.5 8,654.2 98.3 384.6 
1981/82 690 20, 140.4 14,362.4 111.5 405.9 
82/83 1061 20,863.5. 14,877.9 321.2 897.1 

Source: FTO 

2.9 The Road Transport Study: World Bank 

The Ministry of Transportation and Communications has recently sponsored a 
World Bank funded study of the road transport sector in Ethiopia. Phase 'I of 
the project costing 3 million dollars is now complete. It provides an analysis 
of passenger and freight traffic and outlines a comprehensive strategy for 
upgrading these sectors. Phase II, the implementation phase, is scheduled to 
begin in July 1984, with a further 7 million dollars of funding from the World 
Bank. The importance of this study cannot be underestimated in any 
programs related to the Ethiopian road transport sector, particularily for bus 
and freight transport. First it is apparent the recommendations for 
implementation will be accepted in toto. cecond, recommendations, while 
generally not dealing with fuel conservation in particular, focus on the 
broader operative, training, maintenance and capital stock needs of an 
efficiently run passenger and freight operation. Hence any research program 
should seek to coordinate itself with the implementation work plan. This 
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would avoid duplication of effort and redundancy of research findings with 
changes the implementation plan will be undertaking. 

The consultants implementation program is expected to last 18 months to two 
years. During this period, if research is to be carried out, it will be 
important for RTA and NATRACOR to dedicate personnel and resources to 
the project. This will be more important than under normal research 
procedures because these two organizations will be undergoing reorganization 
and major expansions. 

As stated in Volume VII of the report, the objectives of the implementation 
plan are to: 

1) Initiate and ensure effectiveness of freight and passenger organizations 
and RTA. 

2) Procure and improve physical assets. 
3) 

4) 
Initiate and monitor training programs • 
Develop transport plans for the next 5-10 years. 

The consultants will be providing technical assistance to RTA, the Driver and 
Mechanic Training Centre and NA TRACOR. The contract also calls for 
overseas training of two Ethiopians at MSc transportation level for 1 year as 
well as various short courses for mechanics and trainers. 

The Implementation Plan calls for the consolidation of frei~ht and passenger 
transport organizations under a newly formed Freight Transport Corporation 
(FTC) and the Passenger Transport Corporation (PTC). The operating 
procedures and equipment supplies will be strengthened for each of the 
Corporations in such areas as: 

specification preparation for new equipment; 
design of new terminal and maintenance facilities; 
driver training and supervision; 
new routing plans; 
building data base and systems; 
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development of maintenance procedures, tools and staff; 
management and control information systems. 

RTA will also receive strengthening in their licencing and control function. 
The Driver and Mechanic Training Centre will receive particular emphasis, 
strengthening its training capabilities and adding a research component. 

It is significant to note that the long range 10 year plan for FTC calls for 
ownership of 70% of the freight capacity .and for PTC calls for ownership of 
50% · of the passenger capacity. This will be accomplished through the 
attrition of Associates, who's vehicles are an average 8 years older than State 
organizations, and through the acquisition of new fleet vehicles. 

The proposed reorganization of RTA ancrFTC/PTC (NATRACOR) is shown on 
Figure 2-3. 

The study findings have been prepared in seven volumes: 

Road Transport Study; The Provisional Military Government of Socialist 
Ethiopia, Ministry of Transport and Communications, February 1984, 
Roy Jorgenson Associates and Hughes Economic Planning: 

Volume 1: Transport Demand 
Volume 2: Transport Organization and Management 
Volume 3: Maintenance 
Volume 4: Freight Transport 
Volume 5: Passenger Transport 
Volume 6: Transport Systems Economics 
Volume 7: Implementation 

~spite the impending changes and probable disruptions in the management 
of the transport system, research need not be postponed. First, it must be 
recognized that this period will be the time when research can have a great 
impact in affecting the direction of change. Second, as comprehensive as the 
consultant report is, it deals with fuel conservation in only a secondary 
fashion, that is, the reports assume by making the transport system more 
efficient fuel savings will naturally accrue. This is likely true, however, fuel 
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conservation research will focus this critical issue and help institutionalize 
the conservation ethic within the ernerging transport organization. Third, the 
consultants have proved highly cooperative in promoting and aiding the 
inception of a research program within the Ministry. Fourth, RTA and 
NATRACOR appear willing to commit full-time staff to a research program. 
The new structure to be implemented shortly lends itself to a research 
program by creatln~ research centres within both RTA (the Training Centre) 
and FTC/PTC • 
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3.0 FUEL CONSERVATION ISSUES 

During the consultant's mission issues relating to fuel conservation in the 
transport sector became obvious. These are presented here as a basis for 
recommendations for a research program which follow. Generally the issues 
fall lnto two broad categories. The first relates to the Operations of the 
System, where the issues are mostly of a technical, mechanical nature. The 
second category relates to Planning and Information, where the issues are 
mostly of a social-science nature. 

3.1 Operations Issues 

3.1.l Diesel Engine Air Induction Systems 

Addis Ababa ls situated on an altitude of 2,400 meters. Air is less dense and 
contains less oxygen at higher altitudes. It is normal engineering practice to 
derate a naturally aspirated diesel engine by 396 of its rated horsepower for 
each 1.,000 ft. of altitude at which the engine operates above 1,000 ft. For 
example, any naturally aspirated diesel engine operating in the Addis Ababa 
area should expect to lose (7 ,800 - 1,000) x 396 = 20.496 of its rated 
horsepower. To maintain the correct air to fuel ratio in a naturally aspirated 
engine operating at higher altitudes it is necessary to reduc~ the maximum 
fuel settings in the fuel injection system which results in a corresponding 
reduction in engine horsepower. If the correct reduction in fuel setting is not 
made, the naturally aspirated diesel engine will run inefficiently, wasting fuel 
and issuing large volumes of black smoke from the exhaust system. When a 
diesel engine is equipped with a turbocharger it is able to operate at high 
altitudes without any significant loss in horsepower because the exhaust 
heat-driven turbocharger maintains a consistently high air pressure in the 
intake manifold regardless of altitude. 

Nearly all diesel powered trucks and buses in Addis Ababa area have naturally 
aspirated air induction systems (i.e. only 20 turbocharged trucks of 1,100 and 
only .5 turbocharged buses of 164 exist in the entire fleets of FTO and GET) • 
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It is apparent that most diesel powered vehicles issue large volumes of black 
smoke and operate inefficiently. According to GET records their 5 new 
turbocharged buses obtain an average of 2.5 km/l whereas their older 
naturally aspirated buses obtain an average of 1.5 km/I. Allowing for a 
difference in age and mechanical condition of vehicles this still represents a 
dramatic difference in fuel economy due to turbocharging. Research analysis 
and cost-benefit economics need to account for higher maintenance and 
replacement costs of turbocharging. 

3.1.2 Diesel Engine Fuel Injection Systems 

(i) Fuel Settings 

PTO and GET maintenance workshops both include fuel injection pump 
overhaul, testing and calibration facilities. Within the time frame of 
this study it was not possible to determine how competently the 
injection pumps were being serviced and calibrated • 

It was significant to note that the fuel injection specialist at GET and 
PTO each reported that he had attempted to establish compromise 
(allowing for differences in elevation) fuel settings for the naturally 
aspirated diesel engines in his fleet. Because of chronic lack of power 
and complaints froin the drivers, the fuel injection specialists tended to 
use inappropriately high fuel settings which exceeded manufacturers 
specifications for the given altitude. Using a compromise fuel setting 
on naturally aspirated trucks and buses which operate at altitudes 
ranging from sea level at Assab to 2,400 meters at Addis Ababa is not. 
not desirable since the engines would be provided with less than the 
correct amount of fuel to operate efficiently at sea level and more than 
the correct amount of fuel to operate at 2,400 meters altitude. The 
compromise setting would only be effective when operating at roughly 
1,200 meters altitude which is a small percentage of the operating 
time • 
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(ii) Unauthorized Tampering with Fuel Injection Pump Settings 

From a brief perusal of fuel injection pump calibration records at FTO, 
it appeared that some attempts were being made to alter fuel settings 
and calibration possibly by unauthorized people, and probably in an 
attempt to obtain increased horsepower and performance. This would 
normally cause a decrease in engine efficiency and greater fuel 
consumption. 

(iii) Fuel Injection System Maintenance 

It was reported and observed that lack of good maintenance was 
allowing fuel and lube leakage to occur during engine operation. This 
obviously wastes fuel. Poorly maintained air and fuel filters would also 
reduce engine efficiency. It was reported these filters were not 
replaced on a regular basis • 

3.1.3 Diesel Engine Specifications 

(i) Aftercooling 

The benefits of turbocharged diesel engines have already been 
discussed. The possible increased benefits of turbocharged -
aftercooled diesel engines should also be studied. Cooling the intake air 
after it has been pressurized by the turbocharger will allow it to 
become more dense, contain more oxygen and thereby increase engine 
performance. At present there are no known vehicles in Ethiopia with 
turbocharged aftercooled diesel engines. 

(ii) Horsepower 

The Jorgenson and Hughes Study recommended increasing truck and bus 
horsepowers dramatically. A high percentage of trucks are using 
naturally aspirated diesel engines rated at 260 horsepower at sea level 
while many of the buses are rated at 160 horsepower. 
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The consultants have recommended truck engine horsepowers be 
increased to 330 horsepower with turbocharging (no altitude derating 
necessary) and that bus horsepowers be increased to 220 horsepower 
with turbocharging. It is believed that research data could be 
generated to support these recommendations. It was apparent from 
observations of vehicles operating on hilly terrain in the Ethiopian 
countryside that drivers were having to downshift too soon and that the 
engines seemed to be labouring excessively. The fuel economy benefits 
of increased horsepower include the following: 

(a) ability to carry larger payloads more efficiently; 

(b) when not labouring continuously the engine can operate in its 
most efficient range; 

(c) drivers are able to operate vehicles in highest possible gear range 
for the longest possible time • 

(iii) Torque Rise 

It was reported that torque rise characteristics of engines selected 
were not given close attention when vehicles were purchased. When 
climbing hills the highest possible torque rise in desirable to allow the 
vehicle to remain in the highest possible gear range for the longest time 
to save fuel. 

(iv) Engine Cooling System 

At the GET repair facility it was reported that one type of bus 
experienced frequent cooling system failures due to poor location of 
radiators. Engines must operate at an optimum temperature to provide 
maximum efficiency and fuel economy • 

3-4 



• 

• 

• 

(v) Clutch Fans 

It was reported that none of the trucks or buses were equipped with 
fans which could operate on an intermittent basis to save fuel. A 
viscous drive or clutch fan will disengage so as not to rob engine power 
(and fuel) when the fan is not needed for cooling during initial start-up, 
and at highway speeds. 

3.1.4 Other Vehicle Components and Specifications 

(i) Tire Design and Inflation Pressure 

It was observed that bias ply tires were in widespread use on both 
trucks and buses apparently due- to availability and price on the 
international market. It was reported that some brands of bias ply tires 
were purchased recently because of their low prices. It is well 
documented that radial ply tires can provide substantial fuel savings 
due to their inherent lower rolling resistence. The cost versus fuel 
savings and extended life of radial tires should be studied in Ethiopia. 
It was reported that tire inflation pressures were not consistently 
checked and maintained. Incorrect inflation pressures will result in 
higher rolling resistance and decreased fuel economy; 

(ii) Wind Deflectors and Spoilers 

Devices to streamline vehicles and reduce wind resistance are not in 
use on Ethiopian trucks. In addition, some trucks were observed to have 
oversized loads, ·both in height and width. These would increase the 
frontal area of the vehicles and increase fuel consumption. Deflectors 
and spoilers could be tested on vehicles operating consistently at higher 
speeds where the most benefit would be obtained • 
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(iii) Vehicle Configuration and Capacity 

The R.T .S. has recommended phasing out the single unit stake trucks 
now in wide use and replacing them with larger more powerful tractor 
trailer combinations. The study indicates that payloads could be 2~ 
times greater with only a 58% increase in fuel consumption per unit. 
Axle loads would remain within acceptable limits. By uncoupling power 
units from loads greater flexibility could be achieved in regionalizing 
power units and matching fuel injection settings to elevation. 

(iv) Specification and Standardization of Equipment 

The large number of makes and models of vehicles observed in the 
fleets may be viewed as a mixed blessing. A non-standard fleet 
encourages competition amongst manufacturers probably leading to 
better service and more competitive prices for Ethiopia than in a one-
make fleet. Problems arise, however, because parts are non-standard, 
requiring a complete stock of parts, specialized maintenance tools and 
mechanic training for each make of vehicle. 

As well there is some indication that even when vehicles are specified 
and preselected to meet certain performance criteria the final 
selection of vehicles may be based on other non-technical factors such 
as the attractiveness of aid packages. 

When fuel consumption is becoming such a critical issue the true life-
cycle costs of vehicles, considering both capital and lifetime operating 
costs, must be evaluated. c-pecifications must be adapted to profile 
these costs and fuel consumption performance. 

3.1 • .5 Driver Performance and Equipment Use 

While a good driver training facility exists in Ethiopia it has not been in 
operation long enough to offset many of the driver problems observed 
and reported. Some of these are: 
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vehicles are left Idling unnecessarily for extended periods when 
3-5 minutes idle time ls sufficient for effective cool-down of the 
engine; 

vehicles are not consistently refuelled at the end of the day to 
prevent water condensation in fuel tanks at night; 

trucks are used for personal use; 

drivers commonly "lug" their gears driving in too low a gear 
range; 

special driving practices are required for turbocharged engines. 
Driver training does not include these practices. 

Devices are available such as hub odometers and tach-o-graphs to 
monitor driver performance. These used in combination with a system 
of performance monitoring and incentives or penalties may be effective 
in encouraging fuel efficiency. 

3.1.6 Other Operations Factors 

(i) Road Conditions 

Poorly maintained roads force vehicles to operate at uneconomical 
speeds .and in some instances cause high rolling resistance reducing fuel 
economy. 

(ii) Pass~(lger and Material Handling 

Loading and unloading of trucks ls largely done with manual labour. 
This has caused long queues of idling vehicles and resulted in 
inefficiencies in time equipment and fuel consumption. Loading of 
buses also has been observed to be slow and lnef ficient causing the 
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buses to idle excessively. 
through mechanization or 
considered. 

(iii) Traffic Flows 

Effective measures to speed unloading 
uncoupling of power units should be 

Vehicles are currently prevented from operating at their most efficient 
speeds for fuel consumption for a number of reasons which include: 

(a) roadways are shared with pedestrians and livestock and animal . 
powered carts. Evasive actions, emergency stops and slow speeds 
are common. 

(b) Passing lanes are not available to allow faster, higher 
performance vehicles to maintain their speeds. 

(c) Terminals. and warehouses are not always in strategic locations • 

(d) All transport movement seems to flow through Addis Ababa. 

(e) Traffic lights are not always operational and speed limit signs 
were not in evidence. 

Longer term road planning should consider these factors especially on 
high. traffic routes such as Addis Ababa to Assab. 

(iv) Low Quality Diesel Fuel and Fuel Contaminated with Water 

Concern was expressed by technical people at FTO and GET about the 
grade of diesel fuel and the amount of water contamination in the fuel. 
There ls need for independent laboratory analysis of a reasonable 
number of representative samples of diesel fuel from a number of 
locations. It as also reported that many of the diesel engines were not 
equipped with the necessary 2 or 3 fuel filters to remove dirt and water 
from their injection systems • 
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(v) Reuse of Used Diesel Engine Lubricating Oil as Diesel Fuel 

In North America some manufacturers will allow up to 1096 dilution of 
diesel fuel with properly flltered used engine lube oil. At present it is 
reported that used engine lubricating oil is discarded or used in road 
maintenance. Oil composition should be tested to determine its 
suitability for fuel substitition. Cost/benefit analysis should be made to 
determine if savings an be obtained even with the capital cost of 
filtering equipment. 

3.1.7 Preventative Maintenance 

No maintenance facilities had a preventative maintenance program in place. 
With proper preventative maintenance programs fuel conservation is possible. 
Measures should include; 

immediate repair or replacement of leaking fuel and oil lines; 
regular replacement of lube oil and filters; 
provide major overhaul of engines and transmissions at regular 
intervals whether required or not. Exchange components with 
serviced ones so that vehicles are immediately operational; and 
investigate the use of oil analysis to predict engine failure. 

The RTS has recommended a comprehensive preventative maintenance 
program. The effectiveness of this program in conserving fuel should be 
assessed. 

3.2 Planning and Information Issues 

3.2.1 Transport Fuel Conservation Data 

It is apparent that no systematic method for obtaining and accumulating fuel 
consumption data for fleets is in place. This information, related to other 
pertinent data such as vehicle make and number, loads hauled, and road 
conditions is essential to a program in fuel conservation. 
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In order to be able to set goals for fuel conservation, to monitor progress and 
to budget transport fuel consumption it wiU be essential to establish a system 
for comprehensive fuel-use monitoring. By accurately monitoring the fuel 
consurnption of different vehicle makes and models, better policy information 
will be available for equipment specifications. It will further show the 
impact of the preventative maintenance program and the conservation 
program in general. 

Data is difficult, if not impossible, to obtain from associates and so it is 
probable that systematic and detailed information would be confined to the 
operations of FTC and PTC. ~ection 3.2.2 below, however, discusses 
outreach to the associate and informal sectors. Information compiled from 
FTC and PTC would be important tools in pointing the way to fuel 
conservation for the associates. 

The R.T.S. will implement a comprehensive data gathering and control 
system. It is understood that part of this system will include penalties to 
drivers for high fuel consumption. Presumably a systematic methodology for 
fuel data will therefore be set up by the consultants. This, however, could 
not be verified. 

3.2.2 Educational Programs for the Private Sector 

(i) Associate Operators 

These form the majority of operators of transport vehicles in Ethiopia. 
Although regulated by NA TRACOR they are still independent operators 
concerned with day-to-day operations, and indeed survival, in the harsh 
economic conditions of Ethiopia. There is presumably no capital 
available for preventative maintenance. The average age of associate 
vehicles is 8 to 10 years while state vehicles average 2-3 years. 
Presumably vehicle replacement will be difficult for associates and 
they will gradually be obsorbed into the state system. Meanwhile they 
represent a major consumer of the country's transport fuel. Methods of 
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encouraging conservation could range from the regulatory which would 
include rationing and close fuel-use monitoring to the educational which 
would include training and voluntary inclusion in the collection of 
performance data. This latter approach· would require a specially 
designed promotion and education program which would associate the 
savings in fuel consumption with good maintenance and driving 
practices. 

·· ii) Informal Maintenance Sector 

In Ethiopia, a vast unregulated informal sector of maintenance shops 
has evolved to meet the requirements of vehicle servicing. The level of 
service varies widely as does the facilities available. It is not 
uncommon to see vehicles being f'epaired at roadside or in backyards. 
These are often operated by mechanics without formal training. 
Problems occur because of unsanitary and faulty service as well as the 
use of poor quality parts. On the other hand, private service centres 
exist, at least in Addis Ababa, with highly qualified staff and 
up-to-date equipment. Many government shops use these centres for 
specialist service tasks such as testing and grinding. 

The number, location and competence of private maintenance facilities 
is unknown. They are currently unregulated. Incompetent or 
fluctuating maintenance unquestionably accounts for highly inefficient 
use of fuel. It is also certain, however, that this. sector plays an 
invaluable role in keeping the transport fleet operational. Associates 
use their services exclusively. Outside of Addis Ababa, except for light 
maintenance facilities at Assab, no government maintenance services 
exist. All vehicles are dependant on the private sector in rural 
Ethiopia. 

In the next few years, as projected by the RTSt government bus and 
truck maintenance facilities will be set up outside of Addis Ababa to 
service FTC and PTC vehicles. This will not eliminate the role of the 
private sector in servicing private vehicles. 
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RTA recognizes the importance of regulating maintenance facilities 
and is currently moving to standardize and licence all mechanic 
facilities. This will permit classification of levels of service and 
presumably ensure that mechanics work only within their capabilities. 

The role of these facilities in aiding fuel conservation cannot be 
underestimated. Proper training, technical assistance, and information 
related to preventative maintenance for fuel conservation is a critlcal 
part of a comprehensive program. Until this private, informal sector is 
regulated, however, this may be a difficult task. 

3.2.3 Routing, Road Network Planning and Storage Facilities 

Most major trucking routes converge on Addis Ababa. From this urban area 
originate or terminate 6396 of all dry freight (excluding Eritrea and Tigrai 
which may be considered outside of the main flow of trucking activity) • 

It appears as though a significant amount of the freight is reshipped from 
Addis Ababa. This shipping pattern results in a duplication of effort, and 
consequently inefficient fuel consumption. 

3.2.4 Information Dissemination 

Currently in Ethiopia fuel conservation is generally not an issue. Officials in 
transport planning, operations and regulation positions are only beginning to 
become aware of fuel conservation as a possibility and a likely necessity. 
Vehicle operators and the general public seem to have no recognition of the 
issue. 

In instances like this, the need for information can be of two types; one the 
promotional, seeks to elicit a general response from the public at large. 
Media is often used to raise the awareness of the public to the issue of energy 
conservation. The second type of information seeks technology transfer. The 
information is specific and technical in nature and is targetted at a specific 
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audience; in this case vehicle operators, mechanics, transport managers and 
policy-makers. The type, content and format of the information needs to be 
tailored to the interests and requirements of the targetted group. 

No such promotional or technology transfer program for fuel conservation has 
been started in Ethiopia. Technology transfer information developed by the 
Ontario Ministry of Transportation and Communication has been left with 
RTA, as an example only, of what can be done. The content and format of 
information must be tailored to the needs of Ethiopia. 

It is apparent that interest is growing around the issue of fuel conservation. 
The report of the mission's round table seminar with RTA, Science and 
Technology Commission, PTS and FTS was glowingly covered by the Ethiopian 
Herald (see Appendix 2) as "a first" • 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 It is recommended that a research project on fuel conservation in the 
road transport sector be undertaken by the appropriate institutions of 
the Ethiopian Government in cooperation with IDRC. 

4.2 Appropriate institutions to implement the project are: 

Coordination - Road Transport Authority (RTA) 
Research Training Centre (R TA) 

Freight Transport Organization of FTC 
General Ethiopian Transport of PTC 
Addis Ababa University 

The enthusiasm and interest expressed by individuals interviewed in RTA, 
NATRACOR, GET and PTO was universally apparent. Currently, however, 
there is no individual or department within these tra~sp".>rt organizations 
which can channel this interest; neither is there a budgetary allocation for 
fuel conservation. 

RTA 'has expressed a willingness to coordinate a research program. Research 
could be carried out by a variety of organizations such as Addis Ababa 
University, the RTA Training Centre, PTO (FTC) and GET (PTC). All of 
these have expressed interest in participating in research. 

4.3 The Road Transport Study (R TS) was discussed in Section 2.3. 
Generally it is felt that its implementation need not interfere with a research 
program. Indeed, every attempt should be made to coordinate the 
implementation of the R TS and fuel conservation research. It will be 
important for the participating organizations to dedicate people and 
resources exclusively to the research program because the RTS is expected to 
have an overwhelming impact on the transport system. 

4.4 Research priorities have been expressed by the Science & Technology 
Commission as well as R.T.A. The wide scope of fuel conservation is 
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recognized to include both technical and social science issues as well as short 
and long term goals and results. 

It is clear the Ethiopians want to develop a comprehensive program for fuel 
conservation. They have suggested, however, a phased approach which 
attacks short-term readily solvable problems first. This pragmatic approach 
permits concrete results to be obtained in the near term thereby building 
commitment to conservation. With fuel conservation mechanisms in place, 
research with longer term goals would be carried out in later phases of the 
program. It is recommended that the research project under consideration 
should therefore focus on short-term, practical results. 

4 • .5 The ELEMENTS OF RESEARCH should include: 

4 • .5.1 Vehicle Performance Research 

The systematic analysis and comparison of the fuel consumption 
characteristics of both trucks and buses under varying conditions relevant to 
Ethiopia. The outcome of such research would be to: 

establish the long term cost-benefit analyses of employing the 
researched alternatives in the Ethiopian fleets; 
establishing appropriate maintenance procedures for optimum fuel. 
consumption; 
establishing equipment specifications for new vehicles to optimize 
fuel consumption; and 
coordinating the implementation of fuel efficiency measures with 
the implementation of the Road Transport Study and the .5 and 10-
year Road Transport Plans • 
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Parameters to be compared and analyzed include: 

specification of vehicle _powertrains to minimize fuel 
consumption, maximize standardization of parts and components 
and maximize competition between manufacturers of vehicles; 
turbocharged vs. naturally aspirated air intake systems; 
appropriate vehicle configurations, sizes and fuel injection 
settings for differing terrains; 
radial tires vs. bias ply; 
optimum tire pressures; 

.I 

differing road surface conditions and traffic flows; 
appropriate training for drivers; 
the application of wind deflectors 
improvement in Preventative-Maintenance Programs; 
safeguards against unauthorized tampering with fuel and governor 
settings on vehicles; 
Fuel quality testing; 
reuse of filtered used engine oil as diesel fuel; and 
benefits of clutch fans and proper cooling system maintenance. 

4 • .5.2 Planning and Educational Research 

The systematic analysis of the institutional support required for technology 
transfer of fuel conservation. 

Such research should result in: 

curriculum additions for fuel conservtion in the mechanics 
training course; 
curriculum additions for fuel conservation in the driver's training 
course; 
designs of a data acquisition system for gathering and managing 
fuel consumption and related transport data; 
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design of information systems required to promote fuel 
conservation amongst selected target audiences such as; 

drivers 
mechanics 
fleet managers 
transport system managers and planners 

the design and implementation of pilot research and 
demonstration projects in fuel conservation. 

4.6 The TRAINING AND DEMONSTRATION ACTIVITIES required to 
support this research should include: 

4.6.l Research carried out under 4.4.l would require the demonstration of 
fuel consumption under actual fleet 1.:tSe conditions. It is assumed that 
equipment, fuel, maintenance facilities and supplies would be provided by 
Ethiopia or manufacturers • 

4.6.2 Research carried out under 4.4.2 would require the training of at least 
two personnel. 

(i) Conservation Coordinator 

The coordinator of the fuel conservation program would likely come 
from RT A. This person would require training in Canada focussing on 
fuel conservation programs in similar institutions such as the Ontario 
Ministry of Transportation Truck Save and Drive Save programs. 

Training would relate to: 

establishing data systems for fuel conservation programs, 
creating information programs for driver training, fleet 
management, specification writing and research programs. 

It is possible that such a training program could be undertaken within 
the structure of the University of Toronto/York University Joint 
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Program in Transportation. This inter-university research institute has 
the potential to coordinate the training programs mentioned. The 
Joint-Program has experience in organizing transportation programs for 
students from developing countries and has the capability to provide 
university level education and the institutional linkages for establishing 
training courses in transport operating agencies, such as the Toronto 
Transit Commission and Canadian Urban Transit Association. 

(ii) Driver /Mechanics Trainer 

An instructor for drivers and mechanics in fuel conservation would 
likely come from the Mechanics Training Centre. They would require 
training in Canada on improved methods for fuel conservation in trucks 
and buses. It is probable that an Ontario Community College previously 
investigated could provide this training. 

This trainer would need to supplement his knowledge of diesel engines 
and vehicle powertrains with emphasis on such topics as: 

fuel injection systems including in-line pumps, distribution pumps, 
unit injector system and pressure time system etc., 
overhaul, phasing and calibration of in-line pumps, 
timing of injection pumps to engines, 
testing overhaul and adjustment of nozzles and injectors, 
overhaul and adjustment of turbochargers and blowers, 
tune-up and troubleshooting of engines, 
engine horsepower, torque and brake specific fuel consumption 
curves, 
dynamometer testing of engines, 
future engine developments such as use of ceramics to eliminate 
cooling systems etc., 
overhaul and adjustment of clutches, converters, transmissions 
and differentials; 
tire maintenance and wheel bearing adjustment, 
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operation of trucks and buses for maximum fuel economy both 
with turbocharged and naturally aspirated engines. 

A community college could be responsible for designing the program to 
train the Ethiopian trainers and as well, the college could organize all 
training activities and be responsible for sending the Ethiopian trainers 
to the best location for each type of training required. Although the 
emphasis of training would be on improved mechanic's skills the trainer 
candidate would also be required to learn improved driver techniques. 
These would be incorporated into the driver education program • 
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• APPENDIX 1 

Contacts of Consultant visits May 12 to May 25, 1984. 

Institution Person Position 

1. Ethiopian Science and Ato. Hailelul Tebicke Commissioner 
and Technology Commission 

Col. Tesfaye Legesse Head, Natural 
Resource Research 

2. Road Transport Cde. Zwedu Gebremariam General Manager 
Authority (RT A) 

Meshesha Belayneh Director, Planning 
and Programming 

Woldemeskel Haile Yesus Head, Driver's 
Training Dept. 

Tefera Mengistu Head, Mechanics 
Training Dept • • 3. National Transport Bahere Gessese Head, Planning 

Corporation Research 
(NA TRACOR) 

Tewodros Tadesse Operation Head, FTO 

Shimelis Deneke Planning Head, FTO 
Demissie Negatu Head, Maintenance 

and Repair, FTO 

Tyassu Yemane Head, Maintenance 
and Repair, GET 

4. Road Transport Jim Beckley Senior Equipment 
Study Specialist 

George Workman Project Manager 

5. Ministry of Mines Dr. Gebru Head, National 
and Energy Wolde Giorgis Energy Committee 

Mulatu Jaleta Head~ Administrative 
Services 

• 
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• Institution Person Position 

(Cont'd.)-

6. Agriculture Marketing Worku Desta Head, Transport 
Corporation Department 

7. Relief and Rehabilitation Berhanu Tesfaye Head, Road Transport 
Commission 

8. Addis Ababa Engdawork Desta Lecturer, Geography 
University Departrment • 

• 
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APPENDIX2 

ETHIOPIAN FUEL CONSERVATION 
MEETING - RTA, MAY 2.3, 1984 

Name 

Stephen Graham 
Sewdu Gebremariam 
Larry Wilson 
Meshesha Belayneh 
Dereje Zegeye 
George Workman 
Teklemariam Tedla 
Gebre Secassie Tsige 
Atnafseged Kifle 
Getachew Tesfaye 
Mulugeta Amba 

Assefa Meryeska 
Lyassu Yemane 

Demissie Negatu 
Birru Tarfa 
Tewodros Tadesse 

Waldemeskel Maile Yesus 
Tefera Mengistu 
Engdawork Desta 
Gene Desfor 

Position 

IDRC 
G/Manager of RTA 
IDRC 
RTA 
Head, Traffic Control, RT A 
Road Tra1:iJport Study 
RT A-Training Center 
Technical Expert &: Advisor 
RTA 
M. engineer 
Ethiopian Science and Tech. 
Comm. 
RTA 
M. Engineer General Ethiopian 
Transp. (GET) 
F.T.O. Engineering Sec. Head 
R.T.A. 
Freight Transportation 
Organization, NATRACOR, 
Operations Head 
Head of Drivers Training of RT A 
Chief ot Mech. Training Dept. 
Addis Ababa University 
IDRC 

Telephone 

44-10-35 

150244 
150244 
18-26-45 
16-67-85 
150244/7 
IBID 
13-33-40-45-CX-23 

12-70:42 
15-7.3-27 
1569-83 

133340-45 
15-02-44 
1.36438 

16-67-85 
166785 
110844/311 

Tesfaye Legesse Ethiopian Science&: Tech. Comm. 127042 
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Thursday May 24, 1984 

THE ETHIOPIAN HERALD --ea-----------------1 Discussion on Fuel 1 
i Consumption Reid j 

• 

l 
I 
.. .. 

A di:iou1.1sion on Ethiopia's conmtll.• 
ptlon oC luel. descril.11nl a~ tl•e Jif'llt 
of its k.ilu!, was t·ouJucted yc><terduy 
at the BS.'!l'mhl)" hall 0£ the JloaJ 
Tran!lport Authority. 

The aim of the discussion was to 
explute \\'ays of reducing the amount 
o( !oregn rxchangc thal is alloted to 
thr import. or ru('I. 1t WU!< Ob,<l•rn•1l 
thut im11w11,.1• 

spent on fuel by Socialist Ethiol'io 
in her endeavour for socialist econo-
mic constructon in the transport area 
in particular. 

Attending the discusson were re· 
presentalh·es of go\·emment depart· 
ments using a high amounl of fuel 
as \\'ell as expert! dealing with this 

•
d .in the Road and Transport 
thority. 

Opening the discussion session, 
Comrade Zewdu Gebre-1\lariam, -Ge-
neral Manager of the Ruad Trans-

port Authority, said that nou-oit prtl· j 
ducing developing cuuntries channel' 
the income tht'v obtain from the dalr 
of their raw m~terials towatds import· 
ing fuel. Since oil is neetled by tl1e!otc 
countries. lor th.e accomplishment oft 
their . develo1,mcnt programmes, the I 
fluclnatfon of..d1e prire of oil in tlwt 
world murkrt ha:< cuus .. tl a big ron,·-1J 
lruinl to 1lw111. Co111ra1lr ZnHlu saidJ . 4 
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Comrade Zc.-wdu further stair.ti that 
it was essential to use carefully and 
judiciously a product that saps the 
foreign exchange earnings or the non· 
oil produ~iog rountries . and eauses 
constraint to ·their dl'velopment. He 

• 

. indicated the considerable amount or 
oil that is ~sed in the transport sec· 
tor and aaid that economising tbel 
pl'O<luct would greatly contribute to• 
wards strengthening the country's fo-
reign exchange pasition. ' 

In eonclusion, Comrade Zewdu no· i 
ted the importance of the discus.;ion ~ 
&eMion particularly to learn from the~ 
experieneC!' of other countries a1hl 1 

nddeJ that based on l~e 01.f.~0~1e of~ 
the sf".ssion a ineeting of a highl"r ~ 
le\•el would be held subseqnently.

1 
1 

Canadian experts, who are on a t 
study tour under the joint ~uspiccs f 
0£ the Road Transporl Authority amt~ 
tlto Ethiopian Science and Teebnolo. ! 
gr Commission, gave leclures to the~ 
parli<'ipants on oil-saving devices.~ 

The experts had Lee~ collecting 'lalai• 
on oil consumption while on a week· 
long working study tour in govf!ru· 
n1ent organisations which deploy a! 
large number of vehicfos. ~ 

The experts ~ill stay in Ethiopia ! 
for a period or two. weeks during/ 
which they wili hold discussions with 
Ethiopian counterparts on fuel con· 
sumption and uti~tion as well u . 
on measu_res to Le taken to keep j 
down costs in this field, (ENA) i 
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The R.T.A. Drivers Training Centre • 

• The RT A Mechanics Training Centre established by FIAT 
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A model engine for training with driving 
simulator in the background for rural training • 

Mixed-use road access of animals and vehicles 
in Addis leads to poor fuel consumption. 
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Animals often compete with traffic. 
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The majority of trucks in Ethiopia are of Fiat make • 
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A fuel injector test bench at the FTO shop • 

Tools and parts 
are catalogued and 
tightly controlled at 
the FTO garage • 
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An ad hoc engine rebuild • 

• . . 

New truck washing facilities for FTG • 
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The GET Maxi-Bus Terminal in Addis 
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. '"'-~ ~.. . . 

An ageing_ urban bus fleet. GET estimates up to 50% of its 
vehicles out of service on a typical day • 
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. ·1 . "'~ .. ·-··-A typical rural midi and mini bus terminal • 
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Two mini- buses on a rural road being admonished for overloading • • 
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Accidents are common largely due to overloading, 
poor maintenance and faulty driving habits. This mini-bus 

was overloaded and lost a tire at high speeds • 


