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O. INTRODUCTION 
Various strategies have been considered in previous meetings and 

discussions at UNIDO to promote the development of the electric power 
sector in different developing countries. It has been crncluded that the 

most promising strategy is to "unbundle" the technology package of such 

projects. 

This is certainly true. Yet before going into this process of unbundling 

in some more detail, it may be helpful to have a short look at the 

C(Jllplete picture. 

A"Y electric power project is a funrtional link in a chain which leads 

from the primary energy to the final consumer. This overall task of 

producing and distributing electric power has always to be seen in 

total, also when considering a separate link in the chain. 

PRIHARY ENERGY ELECTRICITY tlGH/LOW VOLT AGE SUB-ST A TIONS. CONSUHER ~OOME:TIC 

SUPPLY l PROCESSING GENERATION TRANSMISSION DISTRIBUTION INSTALLATION INOUS TRY 
lRURAL 

Fig. 1: The "functional chain" of electric power projects 

Know-how and experiences gained in one sector can and have to be trans

ferred to the others. Building up local capacities for engineering as 

well as supply has to refer to the entire electric power sector, not 

just to one project. It seems for this reason appropriate to approach 

the problem in a general way which applies more or less to all types of 

projects. 

It is, on the o:her hand, obvious that the different project types offer 

a different share to which indigenous suppliers can contribute. This 

share, generally speaking, increases from left to right, from generation 

to consumer installation which is in many countries handled to 100 % by 

local staff. Therefore some specific consideration will be given to the 

various project types. 

Finally the organizational struc~ure of cooperation between customer, 

in~ernational ~onsultant and local consultant shall be discussed. 

06/220/0168-33/T4/527 UNIDOl 



F D E 2 

1. GENERAL CONSIDERATIONS ON CONSULTANCY SERVICES 
Any electric power project is a rather complex system. It consists of a 

number of subsystems and components each of which implies various 

construction activities and needs a different degree of skill and 

experience to be performed. "Technology unpackaging• means basically to 

break down the system into its different components. This can be done in 

different ways and to a different degree; yet it is at first sight 

always a subdivision on a merely technical level. 

There is however, besides this unpackaging under technical aspects, 

another dimension of unpackaging which we may call the time dimension. 
This time sequence of the various activities which have to be performed 

during a project is shown in Fig. 2. In the following considerations, we 

will focus our attention in the first place on the various steps along 

this time axis. 
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Fig. 2: Time sequence of activities for a power project 

1.1. Preparatory phase 
Very early in the preparatory phase it is highly advisable to select 

and entrust a well-experi ·~ced consulting engineer with the various 

tasks to be performed. There are some reasons to do s0: 

First: It is not wise to make th~ same mistakes repeatedly at different 

places. This does not mean that a consultant is free of mistakes. But 

it means that, if ever possible, one should learn from what elsewhere 

has proven itself - or failed. A well experiencP.d con~ultant who 

has performed projects in many countries is likely to bring in these 

experiences and help to avoid faults. 

- Second: At the beginning of a project, design and cost can easily be 
influenced. The further the project progresses, the more difficult it 

becomes to exert this influence - in other words to correct decisions 

06-220/0168-33/T4/527 UNID02 



F D E 3 

that turn out to be wrong. Therefore experience, know-how and long

sightedness are needed at the beginning of a project; it is useless at 

the end - except, of course, for the next time. This may be 

illustrated by the following graph (Fig. 3). 

Plonning lolpl•m•ntitton 

Oogru of 1cco1111h•hllont _. 

Fig. 3: Influence upon a project during various phases of realization 

Third: Preparing and carrying out a project means a peak load of work 

which can hardly be performed by any customer without auditional staff 

- not even in highly industrialized countries. OnP. should not try to 

build up this staff and release it again after the project has been 

completed. It seems better to build up, in due course of the project, 

loc.al know-how and experience which can be kept and used afterwards. 

It should however be formalized in the engineering contract that help 

in building up loc.~1 engineering capacity is part of the consultant's 

duties. 

WORK1 
LOAD 

PREPARATION 

EXTERNAL 
CAPACITY 

IHPL[l1ENT A TION OPERATION 

Fig. 4· Work load to prepare and implement a power project. 
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- Finally: The decision whether the work shall be contracted on a turnkey 

basis or split up into various lots must at least be left open at this 

early stage. There may be cases when a turnkey contract has advan

tages, but very often splitting into various lots is much better. In 

these cases the services of a consultant are indispensible; but also 

where a turnkey ~ontrac~ is envisaged a consultant can substan-

tially improve the success of the project. We will come back to this 
subject later on. 

With particular respect to the purpose of building up and involving 

local capacity into the project, to spli~ up the work into some separate 

contracts is certainly of advantage. It means basically: 

The more project lots, the more detailed the description of e~uipment 

must be. This, in turn, makes it easier for the potential suppliers to 

submit an offer. Therefore competition is open to far more suppliers, 

partic~larly also for local suppliers; their chances are improved. 

Furth~r advantages of breaking the total work into various lots are: 

- Lower cost by broader mjrket access 

- Better cost control 

- Increased influence upon technical standards of equip~ent 

- Specific adaptation of design to capabilities ~f local suppliers. 

In addition there are two most important advantages: 

- The influence of the customer and his consultant is constantly main

tained during the phases of detail engineering, contractual nego
tiations and implementation. 

The possibility of transferring technical know-how is increased. It is 

quite nonnal that a turnkey contractor has no interest in such a 

t~ansfer. In this case it is one of the ~ost important tasks of the 

consultant who handles the project to ensure this transfer to the 
greatest possible degree. 

Of course the ~~mber of contracts cannot grow to an unlimited extent. 
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If it were to l>e done to the theoretically possible, utmost degree, for 

a steam power plant, to give an example, as many as 200 or nw:>re separate 

lots cGuld l>e defined. This is of course not feasible. 

The disadvantages of breaking into too great d nullt>er of different lots 

a re obviously: 

- Increasing difficulties to define and control interfaces 

Exponentially growing detail work in preparing tender documents and 

contracts 

- More effort for proper mutual adaptation of technical c001ponents as 
well as coordination of time schedule 

- Increasing risks for overall performance, because responsiblity of 

individual supplier is limited to his part of the work. 

This means: 

Overall responsibility for time, cost and performance is to an 

increasing degree transferred to the consultant, which, in turn, 

increases his workload and causes additional cost. 

The various influences may l>e ~hown schematically by the following graph. 

... .,, 
0 .... 

I 

I 
I 
I 
I 
I 
t · 

: I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----L 
I 

I 
/ 

NUf18ER Of INOIVIOUAL COHTRACTS 

Fig. 5: Effects of increasing number of lots 
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An overall cost curve derived from evaluating the opposed influences may 

l~ad to an optimum which lies in our experience at about 15 different 

1 ots. 

Some general criteria for this subdivision intc several lots may be 

given as follows: 

- Each lot must be accomplished by the potential supplier w)thout 

difficulties 

- Coordination efforts must be minimized 

Detail compt:tations and disposition must remain within the respon

sibility of supplier as completely as possible 

- The responsibilities must be covc.-ed by exact guarantee conditions 

- Number of interfaces must be limited, responsibility for interfaces 

must be clear. 

This breakup i~to various lots is aimed towards involving local 

suppliers as much as possible in the construction phase. Yet this 

breakup alone is not sufficient to achieve this purpose. The possibility 

to which deqree indigenous capacities can contribute in the construc

tion pha~( is pre-determined already at an early stage in the prepara

tory phase. If, in the feasibility study, various technical solutions 

are evalua~ed, not only the "least cost/best performance"-point of view 

has to be seen. Even higher cost may be the better decision if local 

firms can be employed and, at the same time, the share of foreign 

currency can be reduced. The options " steel girder'' or "ferro-concrete 

construction" in civil works give an example. This continues in the 

design phase, and here it has, in fact, a particular importance which 

has a double aspect: 

1: Design can be to some degree adapted to capabilities of local firms 

2: Local consultants can in this stage be involved in the project and 

may help to optimize this adaptation process, increasing, at the 

same time, by their participation in itself the share of indigenous 

contribution. 

06-220/0168-33/T4/527 IJN 1006 



F D E 

The assistance of a local engineer in thi~ process has the effect of a 

"connecting lin~(" between the requirements of the projec~ and the 

ressources and capabilities available in the country itself. 

Actually during the µre-design ard design phase a c0n.tinuous feedback 

has to take place between design decisions and the capabilities of 

potential local suppliers. 

7 

There may be, for instance, chosen as material for switchgear tables 

concrete or steel plates as alternatives, the latter to be imported, the 

former to be supplied by local firms. Even if steel plates are cheaper 

it still is a better cost optimization to select concre~e plates. 

An established cooperation, not just casual discussions, with a local 

engineer - consultant or staff member of the customer - means some kind 

of "local market survey" and, at the same time, a pre-selection process 

of potential suppliers with res~ect to project requirements. 

Because: Finding and encouraging local bidders is only one side of the 

coin. 
The other is: To accomplish the project at reasorable cost in a reaso

nable time with the required perfonnance data. 

The mere judg~rnent of the capabilities of local suppliers by a local 

consultant or even by local authorities or the customer himself may 

scmetimes be too optimistic. It is therefore of vital importance for the 

success of a project to propose and agree with the client and, if 

necessary, with governmental authorities on a suitable prequalification 

procedure, which ensures that only companies with sufficient qualifica

tion are invited to bid for the project. This applies, of course, to 

international and local bidders in exactly the same way. 

The procedure thus established should be agreed upon at the very 

beginning of the act~vities and on no account should it be changed due 

to influences which may be exerted on any party involved in the 

decision. It is the consultants' obligation to convince the parties 

concerned that to maintain the procedure once established is to the 

benefit of the project. 
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The more lots and, consequently, the more ootential bidders, the more 

attention has to be paid to the preparation of tender documents. 

Increasing responsiblity of the consultant not only for the design of 

the project and its proper performance but also for management of 

construction work, time schedule and cost must be balanced by a high 

degree of care and accuracy in formulating these documents. 

Basic guidelines for this important part of the work may be given as 

follows: 

- Specifications should be detailed to such an extent that, on the one 

hand, competition is not limited, and on the other hand, it is not 

possible for the contractor to furnish goods and services below the 

defined standard. 

8 

The scope of supply and services has to be specified as completely as 

possible, in order to avoid variation orders, the limits have to be 

fixed without any possiblity of misunderstandings. 

- The specifications should contain not only a detailed description of 

the equipment itself but also a de~cription of the tasks to be per

formed by the equipment. 

- The potential contractor has to be informed that he must be aware of 

all local conditions which may influence the contract prices and that 

claims on such grounds will not be accepted. This may, in some cases, 

be of advantage for an indigenous bidder. 

A well balanced cost escalation formula has to be included in the 

documents. 

- It is furthermore essential to inform the tenderer in the specifica

tion about the procedures to be used for evaluating his proposal. 
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Two things become quite obvious ct this point: 

- The consultant in its true sense as trustee ~~d executor of the 

customer has a central function and responsibility for the success 

of the project. This has to be kept in mind when considering, later 

on, the frar.1ework of cooperation between customer, international and 

local consultant 

A local consultant or engineer, going through all this procedure 

together with an ex~~rienced international consultant, gets an 

excellent "on the job training". This cooperational training may be 

extended to bid evaluation and contract negotiations, enabling him to 

perform, in due time, similar activities by himself. 

It must be seen, on the other hand, that for an international consulting 

office with world-wide experience and with well trained staff members, 

exerting this kind of cooperation could lead to a less efficient work 

performance than would be possible with an established team. Additional 

cost which arise for this reason should be seen as training and edu

cation cost~ it will still be the cheapest way to transfer technical 

experience. 

In this context it must be emphasized that the result when implemerting 

~ project in a developing country is, or at least has to be, not only 

thf project in its physical sense. It is at the same time the technical 

experience which has beer. accumulated in the country durin£ the time the 

project was carried out. 

It is not the cost of the project alone that has to be minimized. It is 

the cost of the "cor.ibined products", the project~ the technical know-

how that has to be minimized. 

A learning curve has to be established during the various phases of 

a project; and not only during one project but during all the projects 

that will be carried out in a country. We shoJld remember, in this con

text, the chain of functional links shown at the beginning. Each link at 
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every place of the functional chain must contribute, besides imple

menting a project, its proper share to the learning process that has to 

take place. We may illustrate this again by a ~raph. 

KNowt 
HOW I 

fXlflllW. 
~ARE 

fig. 6: Learning curve by implementing power projects 

The rTK>re this learning effect progresses, the higher is the share of 

engineering as well as supplying work that can be perforined by indige

nous resource~. It has, however, to be emphasized, that this process 

implies obligations and duties on 10th sides. Transferring experience 

and kr.ow-how of whatever kind needs always two parties; for one alone it 
is meaningless. 

1.2. Implementation phase 

In this phase there are two types of activities 

- activities on site 

activities in the different factories of the suppliers. 

Although the efforts of UNIDO are directe~ at pranoting the manufacturing 

of capital goods in developing countries as well - or even in the first 

pla~e - the aspect of manufacturing shall not be considered in this 
particular paper. The reason~ are: 

- Equipment of high technologicai standards is so far hardly manufac
tured in developing countries, as has been shown by UNIDO's case stu
dies. 

- The production of low technology cannot be established to supply only 
one defined project as it is thP case, e. g. with consultancy 
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services. Such production needs a market of some size. So all that can 

be done with respect to a single project is not to prevent the access 

of indigenously manufactured equipment if it is available at all. 

One has however to keep in mind that manufactured ~~uipment in the 

literal sense, i.e. made in some factGry and shipped to the site, repre

sents only a fraction of the project value, the remaining work share 

leaving considerable room for indigenous activities. 

These remaining activities are 

- Ci v i l works of var i o us k i n d s 

- Supply and construction of ancillary facilities 

- Installation of low and medium technology equ~pment 

(i.e. low pressure piping, electrical installations) 

- Assistance in assembling high technology equipment. 

The fi·action to which these activities can be performed by local firms 

depends not only on the type of project but also on the state of deve

lopment of the country. Some information on this subject will be given 

in chapter 2. 

Task and responsibility of the consultant is shifted during the 

construction phase mainly to quality control, technical coordination and 

timing of the various activities. 

Cooperation with and assistance of a local engineer again can be very 

helpful in this phase: He may help to transfer the quality standards 

necessary to the success of the project to the proper understanding of 

local suppliers and their staff t.ho otherwise may be inclined to disre

gard sometimes the importance of quality require~ents and the rigidity 
with which they have to be fulfilled. 

This understanding for the necessity of defined quality standarcs is 

again part of "on the job train~rg" for both parties, the local con
sultant as well as the local supplier. 

As explained pr~viously, the degree to which indigenuous capacity can be 

involved later on is determined to a large degree by the steps taken in 
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the preliminary phase. In a similar way, local activities during the 

construction phase can again help to promote and accelerate local acti

vities in the fc 1 1owing phases: Operation, maintenance and repair. 

Local finns and consequently local personnel occupied during the 

construction phase fonn the "nucleus" of a maintenance and repair crew 

which has to be established later in the operation phase. 

This process can be encouraged by the consultant and his local colleague 

by 

- defining the requirements and standards that have to be fulfilled by 

an appropriate maintenance staff 

assisting in pre-selection of future operating and maintenance 

personnel 

- securing access of those staff members to activities which are of 

vital interest with respect to their future employment. This may even 

involve delegating future leading personnel of the maintenance staff for 

some time to the supplier's factory. 

It may be repeated in this context, that such a procedure has as a pre

requisite the continuously maintained influence of the customer and his 

consultant through all the project phases, which may be quite difficult 

on the basis of a turnkey contract. As has been mentioned previously 

here lies one of the main advantayes of breaking the work down into 

several lots. 

1.3. Operation, maintenance and repair 

In this phase the function of the consultant is reduced to the role of a 

teacher and trainer. "Reduced" means by no account, thdt this function 

is of minor importance. On the contrary: In the process of technology 

transfer this may be even one of the most important steps helping to 

transmit technical knowledge, experience and familiarity even with 

highly complex technologies to an increasing number of individuals on 

vario~s levels of activity. 
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Again the involvement of a local engineer is helpful in this stage: He 

will serve as an "interpreter" not only in the literal sense but also in 

the sense of bringing about a better understanding of technical pro

cesses and perfonnance of equipment tv the people dealing with them. 

Of course tr.is learning process does not end at a fixed date. While 

routine maintenenance will be carried out by local staff basically from 

the beginning of operation, more difficult work must be done by staff 

members of the manufacturer· whc perform continuously some kind of 

"advanced teaching" for a longer period of time. 

What should end at a definite date is the involvement of the inter

national consultant. His main objective in this phase should be tJ make 

himself unnecessary as early as possible. 

The tenn "as early as possible" however cannot be defined generally. It 

depends on the complexity of the pl ant type as well ~s on the state of 

development of the country. In many cases the presence of the con

sultant's staff members lasts for several years. 

Quite naturally this costs money. But this money pays off in three ways: 

- by securing proper plant performance 

- by avoiding faults which may be costly and reduce life expectancy 

of technical equipment 

by transferring an increasing amcJnt of experience and knowledge 
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2. SPECIFIC REMARKS TO VARIOUS PRWECT TYPES 
It has Deen fll?ntioned previously that the degree to which indigenous 

suppliers can contriDute depends of course on the type of project. The 

amount of work that can be perfonned Dy local companies is certainly 

different when dealing e. g. either with a steam power plant or a low 

voltage transmission line. 

But the project type is not the only detennining factor. There are other 

preconditions which strongly influence the possiDle indigenuous work share. 

This i5 in the first place the state of development a country has 

reached. It makes a big difference if any industrialization of whatever 

kind has taken place so far, establist"iing :;ome t:>asic skill and work

manship in the population. 

It is also important that the population is willing to accept industrial 

technology, to deal with it and become familiar with it. In this context 

it should be mentioned that this is a ~utual approach: The more the 

indigenous participation increases, the more people are likely to iden

tify themselves with the work. It is not a strange thing anymore that is 

going to De ouilt here, but it is "our" power station. Here lies -

besides economic purposes - an important reason to promote local par-

ticipation. 

Other factors are the geographical situation of the site within the 

country: Are there laDourers at hand, or if not can they be moDilized 

and brought to the site? This, of course, implies the question if labour 

is available in the country at all which however is mostly the case. 

One last yet very important point may be mentioned: Each population, 

wherever in the world, has its specific skills and knowledge. It is, in 

many cases, possible to make use of just these specific skills. To ~o so 

requires however some flexiDility on the part of the planner. Again a 

team from an experienced international consultancy office together with 

a 1oca1 co 11 eague has the best chances to find ways and means to 1Jt i l i ze 

such possibilities. An interesting example shall be giv£n in chapter 2.2. 
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2.1. Power generation 
It is well known that there exists a great variety of electric power 

generation plants. The following table may give a survey: 

THERMAL POWER PLANTS 

with 
{

convent i ona 1 }' 
renewable 

nuclear 

HYDRO POWER PLANTS 

run of river 

- reservoir 

- pumped storage 

SOLAR POWER PLANTS 

OTHER POWER PLANTS 

fue 1 s 

Steam 

Diesel 

Gas Turbine 

Large 

Mini 

Micro 

Photovoltaic 

The rm a 1 

Wind 

Geothermal 

Others 

Fig.7 : Basic types of Power Generation Plants 

15 

Obviously the structures of these various plant types differ con

sideraoly and, consequently, the possibilities of "1..1npackaging" and of 

involving local suppliers are different. 

It is not possible to deal with all these plant types in detail. For 

illustration, a steam power plant and a diesel plant shall be selected, 

and some aspects of hydropower plants will be dicussed. 

A steam power plant represents a highly complex system. The wide range 

of activities needed to implement such a plant can be listed as follows: 
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Civil works: 

Mechanical engineering: 

Electrical engineering: 

Control engineering: 

Ancillary facilities: 

Soil investigations 

Preliminary measures 

Main cnnstruction activitie~ 

- Hydraulic engineering structures 

- Technical structures 

- Non-technical structures 

- Infrastructure 

Fuel supply 

Steam generator 
Flue gas treatme1t, disposal 

Stea~ turbine geierator 

Steam/condensate sys~em 

Cooling system 

Auxiliary systems 

Power engineerirg 

- Transformers 

- Switchgear 

Auxiliary plant 

Instrumentatior and control 

systems 

Comnunication ·;ystems 

Administration 

Workshops 

Stores 
Ve hi cl e pool 

16 

Fi9. 8: Main construction activities/subsystems of a steam power plant 
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When making an attempt tc quantify the cost share of the various partial 

activities one has to keep in mind, that "Steam power plant" ag~in 

stands for a great variety in size, in basic heat diagram, in fuel, 

cooling systems etc •• Moreover, local conditions on the site - such as 

ground, cli~ate, existing infrastructure and many others - influence 

cost and their b~,,~down. So the figures which car ~e given represent a 

range rather than an exact number. They are drawn from experience with 

projects actual-.J executed by FiCHTNER Consulting Engineers, but they 

may vary from case to case and from country to country. 

The numbers listed below in Fig. 9 refer to a medium-sized oil-fired 

stea~ oower plant of 100 MWelnet with live steam conditions of 175 bar 

520 ·c, single reheat and natural draft wet circuit cooling tower. 

The table gives the cost share of the v~rious sub-activities in% and an 

estimate of the range that can be contributed by local suppliers. 

It has to be borne in mind that manufacturing is not considered in this 

paper; the share that possibly may be represented by i~c~lly ~anufac

tured parts - such as small motors and transformers, fans, ducts, etc. -

is therefore neglected. 

It is not surprising that the range varies so widely - from 8 to 28 % -
considering all the additional influences that have been mentioned 

previously. Yet it may be called a satisfactory result that the contri

bution of indigenous firms can reach this comparatively high share even 

without involving any manufacturing. The breakup is made, in the table, 

in terms of cost. The share of labour is still somewhat higher con

sidering the fact that labour cost is generally cheaper when employing 

local instead of imported labour - which applies basic.ally not only to 

developing countries but in their case maybe to a larger extent. 
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Component/.i\ct i vi ty 

Mechanical Part 

F ue 1 storage and supply 

Steam generation 
Boiler 
HP-Piping 
Water treatment 
Ancillaries 

Pre-heaters, pumps 
MP + LP-piping 

Coo 1 i ng sys tern 
Miscellaneous 

Subtotal Mech. Part 

Electrical eart 

Electricity generation 
Electric equipment 

High voltage 
Low voltage 
Light+ power 

Control 
Miscellaneous 

Suototal Electric part 

Civil works 

Boiler house 
Turbine house 
Control room 
Chimney 
Cooling system 
Non-technic. buildings 
(Admin., shops+ stores, 
vehicle pool etc.) 
Infrastructure 

Subtotal Civil works 

Engineering 

Total 

Cost share % 

4 

21 
16 
3 
0.5 
1.5 

5 

2 
4 

36 

19 
5.5 

3.5 
1.5 
0.5 

7.5 
2 

34 

5 
7 
2 
1.5 
2 
4.5 

2 

24 

6 

100 

18 

Cost share in % to be 
perfonned by local sppliers 
favouraole unfavouraole 
conditions conditions 

4 

l 

2 

1,5 
3 

0.5 
0.5 

l 

2 
3 
l 

l 
4 

2 

1,5 

28 

l 

2 

0.5 
2.5 

1 '5 

0,5 

8 
==================================================~~=================~= 

Fig. 9: Cost structure of 100 MWel steam power plant 
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As a second example a diesel power plant is chosen. It has 2 MWel, the 

fuel is oil. Fig. 10 gives the breakdown into different components and 

the share that can be perfonned by local suppliers - again manufacturing 

not considered. 

Com?onent/Activity Cost share % Cost share in % to be 

performed by local suppliers 

favourable unfavourable 

conditions conditions 

Fuel storage + supply 21 20 3 

Engine + generator 42 

Ancillary systems 5 3 1 

Piping, ducts 3 2 1 

Electr. equipment 6 2 

Civil works: 

Techn. building 12 8* 2 

Non-techn. building~ 3,5 3,5 2 

Infrastructure 1,5 1,5 1 

Engineering 6 2 1 

Total 100 42 11 

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

*) Considering vibration problems in foundation! 

Fig. 10: Cost structure of a diesel power plant 

The share of indigenous work is much higher in this case despite the 

fact that the diesel engine and generator set is assumed to be imported. 

In all cases it is advisable to buy engine and generator from one 

supplier only even if he does not produce both parts in his own factory. 

Serious difficulties with respect to responsibility dnd guarantee can be 

avoided should oscillating problems occur. 
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When considering hydro power plants as a last examr1e, it is much more 
difficult to give the ratio of J ~~~~ible local contribution in figures. 

The parameters which determine the cost of a hydro power plcnt are 
dependent to such a high degree on local conditions - su_h as 

topography, geological situation, hydrologic cycle etc. - that general 

numbers must necessarily cover a very wide range. 

It can be said that mechanical and electrical equipment represents a 

smaller part of the total cost as in thermal plants, leaving 60 to 70 % 
of cost to civil works of various kinds. 

The civil works connected with hydro power projects are to a large part 

fairly difficult, mentioning dams, galleries and tunnels as examples. 
They need special skills and experience to be built. Even consider~ng 

that there is a large market for construction work in a developing 
country which gives an incentive to establish local capacities, they 

w~ll, in most cases, not have the special equipment needed to perform 

hydraulic constructions. 

On the other hand, not all the civil works are of such a diffic~lt 

nature. Also in many cases a foreign construction company will send only 

a limited number of highly specialized formen and labourers together 

with the special equipment, and in addition engage a considerable amount 

of local labour under their responsibility. Of course this means not 

involving "local capacity" in the sense this paper is dealing with and 

UNIDO's efforts are aimed for. Yet also in such cases at least some of 

the money spent remains in the country, and some skill and experience 

can be transferred. 

Due to all the circumstances mentioned it may be possible, in a fairly 

developed country, that the civil works for a small hydro power pla~t 

can under favourable conditions be performed by local construction com

panies to 90 % er even more, while for a large plant with dlfficult 

topographic conditions even in a well developed country an international 

specialist will be required leaving for local companies a share of 
merely 30 or 35 % of civil works, which represents around 20 - 25 % of 

total plant cost. 
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Agair. a consultant can help to maximize this share by breaking down the 

overall civil works into special hydraulic construction works and more 

or less "nonnal" civil works, dealing with both types in separate lots 

covered by separate tender documents. 

2.2. Power transmission and distribution 
In power transmission the possibilities of engaging local companies are, 

on average, higher than in the power generation sector. It depends -

besides the influences mentioned at the beginning of the chapter - to 

some extent on the voltage level. This is not because it would re~uire 

more skill and knowledge to erect a steel grid pylon for 110 kV than one 

for 30 kV, but in the former case the steel grid pylon is the only tech

nical solution while in the case of medium voltage also other options 

may be considered. 

This may be illustrated by the example of a 30 kV transmissio~ line with 

a length of 60 km, planned and supervised by FICHTNER. Various technical 

solutions were investigagted in the preparatory phase each offering a 

different degree of local participation. 

The solutions considered were wood poles, steel poles and steel lattice 

pylons. The following table gives again the cost share of the different 

components in each case and the degree of possible indigenous par-

ti cipatio'l. 

It is quite clear that the cost share contributed by local suppliers -

or perhaps the staff of the customer himself - is higher when wood poles 

are used (which of course makes sense only if wood is available in the 

country. It goes without saying that a thorough impregnation is 

necessary.) Yet it may be surprising that the indigenous contribution in 

absolute terms is higher, despite the decreasing percentage, when steel 

lattice pylons are used. This is, of course, due to the higher absolute 

value of this solution and the higher cost share attributed to foun

dation and erection. 
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Components Wood Poles Steel Poles Steel Lattice Pylons 
Cost share Indigenous Cost share I ndi genou s Cost share Indigenoos 

Contribution Contribution Ctntribution 
0 "{, % % % % % ,, 
O'\ 
I 0 

N Poles/Pylons 13 13 25 - 29 -N fT1 
0 -0 Erection 11 7 24 12 19 g ........ 
O'\ 
::0 
I Foundation 20 18 12 11 20 18 w 
w --I Earthing: material 7 3 2 .&:» - -- labour 2 1,5 1 o.5 1 0,5 <..Tl 
N 
-...J 

Isolators 9 - 4 - 3 

.z Power cable: material 17 - 13 - 10 

...... labour 4 2 3 1,5 3 1.0 0 
0 
N 
N Earthing cable: material 2 - 2 - 1 

labour 1 0,5 1 0,5 0,5 o.s 

Wa ming pl ates 2 2 1 1 0,5 o.s 

Survey 3 1 2 o.s 2 o.s 

Misceilaneous 3 2 3 2 3 2 

Engineering 6 2 6 2 6 2 

Total 100 % 49 % 100 % 31 % 100 % 34 % 

Relation or 
absolute cost 
Expressed in 
"currency units" 100 C.ll. 49 c.u. 13S C.U. 42 c.11. 170 C.IJ. 56 C.IJ. 

Fig. 11: Cost structure of 30 kV transmission line N 
N 
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It seems quite an interesting result that, expressed in absolute cost, 

the benefit for the indigenous economy is higher when selecting a high 

quality solution, even if this solution implies, in relative terms, a 

smaller local participation. 

23 

As a general conclusion it can be said that the evaluation and recommen

dation must be based, in the first place, on long term technical and 

economic advantages. There is no reason to reject an optimal solution only 

because the share of indigenous contribution is smaller. In other words: 

It is not helpful to recommend a solution merely for the purpose of 

increasing the percentage uf local work share; the indigenous contribu

tion for a project must be evaluated in absolute rather than in relative 

terms. 

Also in the case given as example, the solution with steel lattice 

towers was finally selected. 

There may be, however, even in the case of solutions with high quality 

technology, possibilities to make use of l~cal skills and capabilities 

without any loss in quality. To give an example: For casting the 

concrete foundations of the steel lattice pylons, use is generally made 

of steel formwork which has ~o be imported. 

However, during the course of one of FICHTNER's projects, it was disco

vered that the local population is v~ry ski 1 led in making wickerwork. 

Thus baskets woven from bamboo or rattan are used as consumable 

formwork. This sav_j both costs and imports and cJnsiderably increase~ 

the contributions made by the 1ocal economy. 

Naturally this procedure cannot be applied to all cases. However, with 

careful thought and by improvising to suit the particular case, it is 

often possible to find solutions of this type. The provision of derricks 

made locally in place of cranes specially brought to the site provides a 

further example. The local inhabitants often display an amazing degree 

of skill and expertise in the manufacture and provision of such aids. 
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Again a turnkey contract may be less fa~ourable for finding and applying 

solutions of this kind. This is quite normal: The interest of a turnk~y 

contractor must necessarily be directed towards delivering a goou 
quality job in a reasonable time at low cost. In most cases, this ~eans 

using standard methods and well p;oven, efficient equipment wr.ch must 

be utilized to the maximum degree to obtain a satisfactory return of the 

investment. 

A brief survey of the distribution level shal 1 finish the topic. 

At this level, in a gr~at number of developing countries, if not in all, 

the projects can be carried out by local personnel. This will, i'.1 less 

developed countries, mostly be the staff members of the utility itself. 

In more developed countries a local market will arise which can be 

served by local companies. 

With the exception of large projects, the services of a consultant are 

not requested for such ~rejects. It is however, particularly in the 

transitional stage, very important to establish technical standards and 

regulations which must ~e applied very strictly. 

A consultant's helr may be very useful i~ setting up and formulating 

suer standards in close cooperation with the utility and, if possible, a 

local colleague. 

Technical regulations should be established right down the line from the 

power plant to the consumer installation, e~suring safe and reliable 

operation as well as efficient stockkeeping. Defined technical rules 

and quality standards may, as a next step, encourage local firms to 

establish productiJn of spare parts and small items in the country. 

For a local engineering office it can become a permanent task, to super

vise the proper fulfillment of these standards and regulations, to keep 

in touch with international colleagues and observe the world market in 

order to keep abreast of technical progress and development. 
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3. ORGANIZAlIONAL STRUCTURES OF COOPERATION 
From what has been presented so far it is clear that a precise descrip

tion of required goods and services - in separate tender documents for 
various lots - increases the chance for local suppliers to submit a bid 

and, hopefully, participate in the project. 

The farther this process of unpackagi~g goes, the smaller becomes t~

sector for which each individual su;:>plie. is held repsonsible. This 

means an increasing responsibility taken by the consultant for the pro
ject as a whole. This overall responsibi1ty is nJt restric~~a tv ~:rely 

technical subjects. It covers time schedule and cost control, proper 
execution of legal regulations~ acceptance of performe111ce, auditing of 

accounts, release of payments etc., etc. - in one word: The central 

function in project management. 

It is not feasible to subdivide this overall responsibility. This fact 

must be reflected by the organizational structure of the r~lationship 

between custom~r, consultant and suppliers. 

A basic outline of this structure is shown in the following graph 

(page 26). 

This graph underlines that all participants - customer, authorities, 
financial aiGS - must and shall have a consta~t influence upon the pro

ject - but thi~ ~nfluence can by no means be exerted in a direct way. 
The customer exerts his influence throuqh the consultant, the consultant 

represents the customer's authority u~ ·e project, controlling and 
ensuring the proper execution of the Cu ~r's ide~s and intentions 

formulated in the legal contracts which are made directly between the 

customer and the various suppliers. This is very important, in fact it 

is the basic difference between the function of a consultant acting as 

trustee of the customer and an "Engineering contractor" acting as 

turnkey contractor for the entire project. 

06-220/0168-33/T4/527 UNID025 



F D E 

FINANCING 
BOARD 

\ 
\ 
\ 

BOARD 

CUSTOMER 

VI VI 
\ a:::~ 

\ 
~< 

\ 
\ 
\ 
\ 

..J a::: 

\ 
0.. t
o.. z 
::> 0 \VI u 

I CONSULTANT 
-+----
PROJ MANAGEMENT 

\ 

I 

I 
I 

I 

I 
I 

I 
I 

I \ 
\ I 

PROJECT 
EXECUTION 

Fig.12: The consultant's role in the project structure 
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AUTHrq1T1ES 

I 

I 
I 

I 

- DECISION LINE 

INFORHA TION 
ANO CONTROL 

In a similar way, if cooperation with a local consultant is estaDlished, 

this cannot tie done l:>y installing new and separate arrangements t>etween 

the customer and/or the suppliers in para11c~ to the organization lines 
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of the consultant. The local engineer must be connected to the organiza

tional structure, fulfilling his particular tasks and duties without 

interfering with the central responsibility of the leading consultant. 

Again this may be illustrated by a graph which, additionally, shows the 

overall organizational structure of project management. 

Authorities 

f1n•nc. ••ds 
Bo•rd 

-·---

Civil w. 
Experts 

Customer 

Electr. 
Experts 

~ 
\ 

\ 
Others \ -....--·r 

Customers level 

Loc•I cons 
Experts 

--~ 

-·- ·---·-· ---·-·-

Conlr. 1 

Subconlr 
1.1 

Subcontr. 
12 

Contr. 2 Contr. l 

Subcontr. 
lt 

Subcontr. 
12 

Others 

Subcontr 
Othea 

Execution level 

Fig. 13: Organizational structure of project management 
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This picture may finally reflect the role of the consultant: He brings 

his own knowledge, his experience and know-how into the project. But 

basically he acts as the customer's executor, representing his authority, 

transmitting his ideas and intentions to the project; and yet he is also 

a mediator between client and suppliers, balancing tec~nical possibili

ties and local capabilities, desirable solutions and :ime and cost 

restrictions, ideas and reality, to the benefit and the success of the 

project. 
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