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\BSTRACT 

' 
Ken1a Breweries Ltd. being one of the largest 

companies i .1 this Republic, plays a major role in the 
economy of . ~his country. It will soon be operating 
~ ve breweries in Mombasa, Nairobi and Kisumu. They 

are Tusker and Allsopps both in Ruaraka, and one in 
industrial ~rea, all in Nairobi, one at Mombasa and 
one to ·be ;ompleted s~~n (early 1982) in Kisumu . 
Currently the Nairobi breweries produce all the six 
brands of beer namely, Tusker, Tusker Export, Tusker 
Prem5~m,Pilsner, White Cap and Guiness Stout. Only 
four of thP~e are produced in Mombasa brewery, these 
are Tusker, Tusker Export, Pilsner and White Cap, but 
there is a plan that will enable it to produce all the 
six brands in future. 

All these products have got to be distributed 
all over the Republic so as to reach the final 
consumers. ~bi~ ~istribution activity costs a lot 
of money to the company, hence raising the operating 
expenses of the entire organization. Due to the 
current inflation all over the world and the continuous 
rise in oil prices the transportation rate has also 
been rising, thus making this important activity 
of distribution to be very costly. This increase in 
transportation cost threatens the company's profit 
performance and therefore the m~nagement is seeking 
wayE of trying t~ improve the transportation system 
so as to minimize costs. 

So in this preject, the author make~ an attempt 
to determine through the use of a linear programming 
technique, called a transportation problem, that 
optimal scheduling of products from various sources 
(breweries) to the numerous destinations (depots) . 
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Such an optimal plan may not only minimize costs 
but may also lmprove the quality of services and the 
image of the organization to the public. 

.., .. - -- ·- .. -.. . -- ~ --- . ';... 
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INTRODUCTION 

1. . 2 STATEIVIE !T OF THE PROBLEM 

The expenditure of goods and passenger 
trauopo!"t by road in Kenya is very high, hence I 
can safely say, is a significant percentage of 
our gross national product (GNP). The problem at 
hand is the high cost of transporting productS·· 
rrom their sources to the numerous destinations. 
In this huge industry (transport), it is natural 
to believe that there is great scope for the use 
or modern 
.. , 
, I J ~ ' I i:rtin 

operations research techniques in order 
optimal plans. Such plans could be 

'" ' " Ln t he followin g vital activities: vehicle 
scht.:dul i ·, depot s i ting and fleet planning. This 
has been 1 1.de more useful by the introduction of 
computers which are fast and accurate. The 
rollowi n~ are some i mportant quotations from 
variou .. -' vR specia.l j s t s and top managers about the 

•'' ' ···; 1 ··· · ·· ··- • "'' Lv · •JJ. • • •.•• ·· •• • , · 1g transportation costs. . . .. ·. 

There have been a general outcry about the 
soaring cost of dis t ribution and companies f a ced 
with rising fuel and labour costs, ar e paying 
closer attention to their transport function. 

"Physical distribut i on has far too long been 
r e gardeC. 

· Onnik S. :·.f; . 
.1 hackroom-t ype operation", says 
· ;i l , Turkish-born Chairman of 

Monsanto .Lw Jpe SA. " VIe found t hat not only 1t!as 
the distribution co s t rising year by ye ar, but 

l Ee fer t o I n t e rnational Jl.~an 2.gcment Magaz ine , August 
.-...97 5, Vo l ume 30 , ncontrol l int; the Soar ing Cost of · is t ribution". 
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~hat it was rising at a disproportionate rate to the , ,, 
rest of the company", says Raymond Horsley, 
distributio' djrector of R~nk Radio International Ltd. 
in the UK. "It can be shown mathematically that, 
l~less some action were taken quickly, the cost of 
d'L·tribution would rapidly become an unacceptable 
burden on the activities of the company as a whole". 
"Most ~omprnies are now looking at the whole of 
physical distribution in the context of overall 
corporate strategy and objectives", reports J.H. Van 
der Hoop, an independent Dutch consultant 
spec1alizing in this ·area. 

Van der Hoop also noted that distribution 
until now has involved only junior managers solving 
tactical problems, such as vehicle scheduling or 
routing of goods, but now senior managers recognize 
that the solution is more likely to be found in long­
term research and strategy. That is where the 
opportunities - for - making real savings lie. 

Other factors affecting transportation are 
warehousing, transit depots, labour costs, packaging, 
insurance, inventory holdings and cashflow. But for 
this project I will be mainly concerned wit~ the 
reduction of transportation costs through the 
application of a transportation model that will enable 
us to get an optimal plan for the Kenya Breweries. 

1.3 THE OBJECTIVES OF THE STUDY 

1. To investigate the transpo~tation system of 
the corrpany and then try to arrive at an 
optimal or ncar optimal plan i.e. to try to 
minimiz e the distribution costs of the company . 
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2. T( show the management of the company how 
sr~R of the OR techniques can be utilized 
ir solving some of the real world problems 
such as the one at hand, so that they can 
be . applying them in the future. 

3. To improve my knowledge in this particular 
field of stu~y and to give myself a chance 
of practically applying the theoretical 
techniques in solving real world problems 
like the one at hand.-

4. Tt show that there is al\'rays room for 
improvement in any business activity, and to 
alert the management to think.more seriously 
of various ways of improving their operational 
efficiency. 

n1PORTA NCE OF 'l'HF. STUDY 

This study falls under distribution 
planning and the following are some of its 
important contributions: 

a)_ It means orderly progress in the execution 
other activities related to it. 

of 

b) It is one of the most effective methods knm~Tn 
for ascertaining the best utilization and 
coordination of the company's resources 
towards profit and gro\vth. 

c) It makes the management think of potential 
ways of reducing costs by application of 
modern techniques. 

d) It encourages systematic thinking ahead by 
management and enhances readiness to take 
care of the future. 
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e) It brings about effective communication among 
persons working towards a common goal, like 
say people in the marketing department are 
forced to share ideas and information with 
people in the distribution and transportation 
department. 

f) It focuses attention on the company opjectives, 
as all planning is directed towards achieving 
the organization objectives and offers effecti­
ve control. 

g) It minimises costs because of the emphasis it 
places on efficient operations and consistency 
of approach which results in more economical 
operations. 

1.5 SCOPE AND .METHODOLOGY 

In scope, this project involves mainly 
library literature review and field work research. 
The literature review covers majnly a survey of 

' the concept of distribution planning, the 
application of operations research techniques 
and more specifically the Transportation Model. 
This part of the project is intended to provide 
a theoretical background of the transportation 
model. 

The research is conduc~ed in Kenya 
Breweries Ltd. fields of operations including the 
Head Office, the various breweries and distribu­
tion centres. 

The instruments to be used in data 
collection arc: 

1. Persona l intervj_ews 
2. Questionna ires 
3. Secondar y sourc e s such as Company 
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Reports i.e. Minutes, Financial and 
Chairman's Speeches. 

As regards methodology, the project will 
start WLth an introductory chapter which includes 
the statement of the problem, objectives and 
importance of the study and its limitations. 
This w~ll be followed by chapters on background 
of ·the company (object of the study), the model 
iteself and application, evaluation and then 
summary and recommendations (conclusion). 

1. 6 "LIMITATIONS OF THE STTJDY 

1. We have the general limitations of all the 
other linear programming techniques, vrhich 
are mentioned in the literature review below. 

2. The most important constraint for this study 
has been the time period available. It is too 

3. 

short ... - .~0 AS much as one would have liked to .. -
' \ . ~ ; .. c.over_ s make the- study to be of 

maximum usefulness . . 

Most of the information used is current, but 
it would have been more useful if the future 
projected ones could be utilized, after all 
a plan is for the future, not now or the past. 

4. One of the Breweries that is included in the 
plan is the Kisumu Brewery, which is expected 
to start operations early in 1982. Hence the 
ultimate plan will be applicable to Kenya 
Breweries Ltd. in 1982. 

5. Transp0rtation costs have been assumed proportional 
to distance bet ween source and destination . This 
is in practice an oversimplification as road 
condi tions arc not necessarily uniform ove r the country. 
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CHAPTER I 

1.1 THE BACKGROUND OF KENYA BREWERIES 'LTD. 

This chapter will include the inception, 
expansion and some of the difficulties of the 
Kenya Breweries Ltd. upto the time when the study 
was undertaken. An attempt is also made to 
highlight the difficulties the company has faced 
as a result of inflation and rise of petrol ' prices 
since 1972, the issues that would warrant the 
kind of solution sought in this project. 

Started in 1914, before the end of World 
War I there was no local brew in Kenya. After 
the war two brothers Hurst George and Charles came 
to Kenya and bought land at Kitale, Soy Farm. 
They used to drink imported beer and they didn't 
like it. So they formed what later was to be 
KBL which now ranks as among the greatest private 
under-takings in Kenya, and one of the largest 
brewing concerns in Africa. With the help of 
another friend H.A. Dawding who had connections 
with Edu Malt Extract Co. in England the two 
brothers pulled efforts toget her to start a 
brewery. They bought land at Ruaraka because of 
permanent stream to supply water. They 
contributed K.£2,500 each and a Company known as 
KBL was formally registered on the 8th December, 
1922, and production began on the 14th December, 
1922. 

George Hurst was killed in 1923 by ~n 

--·_elephant wh~l~ _h~n~ i2:_g - t:e_ne~ the name Tu~ke ' 
was adopted in memory of this sad occasion to 
the Kenya Breweries . 
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First year of operations company's trading sales was 
£2,000 and a profit of K.£40. By 1930 it had started 

producing and exporting Lager beer. In these early 
years the company encountered two major problems. The 
heavy rail charges precluded large export business and 
during the post war periods, its product was faced 
with stern competition from beers imported from 
England, Denmark, Germany, Australia, Holland, South 
Africa and Japan. 

In order to overcome transportation problems 
the company started establishing other breweries in 
East Africa. In 1932, it opened one at Dar es Salaam 
Which was to serve Tanganyika and also Mombasa area. 

In 1935 Kenya Breweries Ltd. went public and 
acquired assets of Tanganyika Breweries Ltd. after 
which both were incorporated into East African 
Brewerj e s Ltd. With the out break of \vorld War II the 
cnmpany was yet to gain, hence they expanded 
racilities to meet demand. During that time Ruaraka 
production was 35,000 gallons a month and 12,000 
gallons at Dar es Salaam. Troops from South Africa, 
Britain and India arrived at Mombasa, and beer 
became as important as ammunitions. Immediate 
expansion were made but still the demand couldn't 
be coped with. 

The beer shortage was so acute that the War 
Supply Board had to convene a meeting with brewers and 
Slppliers, ~vhere a percentage split of output and 
supplies for military and civilian resulted. Wartime 
difficulties led to some lasting benefits for the 
company and the farmers of Kenya. Farmers were 
encouraged to grow Earley since by 1942 it was hard to 
get it from overseas. 2 By 1944, Mombasa Brewery was 

2L. 
· lttle R., Barle y Production in Kenya , The Brewer 

Dccemhcr , 1978 pp . 462 - 46h 
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opened. Two British brewing companies, Ind. r,oope and 
.,..llsopps were also attracted to bre·win~ industr.Y in 
"East Africa 

In 1959 East African Breweries Ltd. acquired 
·ubstantiai holdings in Uganda Breweries Ltd. At the 

sa.ne time Dar es Salaam Breweries was transferred to 
newly formed Tanganyika Breweries Ltd. which was to 
operate as an entity throughout Tanganyika. 

During this time Allsopps (E.A.) Ltd., also 
situated at Ruaraka and an upcoming competitor began 
to work for a larger slice of the beer market by 
~onducting a series of weekly beer testing competitions 
to determine the preferences of the local beer 
consumers. The result of these competitions was 
.Allsopps Pilsner Lager which was then introduced into­
the market. 

In 1962, EABL entered into discussions with 
Allsopps ·and. eventually acquired the whole of its 

rdinary stock. Steps were also taken to convert EABL 
into a holding company by transferring its assets and 
liabilities relating to the Tusker Breweries Nairobi 
and Mombasa together with the maltings at Nairobi 
industrial area to a new subsidiary Kenya Breweries 
Ltd. During 1964, and at the cost of £208,000, 40% 
of the equity of Kilimanjaro Breweries at Arusha was 
acqvired from the Madhivani Group. And when Guiness 

E.A.) Ltd. was Incorporated in Kenya (1965) EABL 
secured 49% of its issued capital~ the other 
half being owned by Guiness Overseas Ltd. 

In 1968 KBL introduced Tusker Export in order 
0o explore the export market in dumpy-non-returnable 
bottles. The mass production of international 
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competitors made it hard to match prices, But over 
~ime the lager l;lad gained popularity in local, 
Shipping arj airline markets. It lS now exported to 
USA, Brita.;'1 and the Middle East. 

\ 
In 1969 KBL purchased the City Brev.:ieries Ltd. 

It. 19_7 2 the company had already acquired a modest 
minority interest of K£15,000 in Seychelles Breweries 
Ltd. in pa~tnership with Hoase of Germany and Guiness 
Overseas Ltd. ' :-..· 

During 1972 operations became tough going due, 
to Government tax policies and control, and great 
_increase io production costs. resulting from inflation 
CRef. to reports of the Chairman from 1~72 onwardsl. 
Periods between 1971 to 19.75 were full of hardships 
due to inflation and Government policy changes both 
in Kenya and Tanzania. This can be seen to have 
affected the profitability of the company around that 
same time, look at the chart overleaf. This problem 
of rising c6~t~ - has continued -upto now and it will 
Persist into the future, that is why such a problem 
should be looked into by the ~anagement. 
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CHART I 

KENYA BP~WERIES LTD. AFTER TAX PROFIT (ATP) FOR 1971-1980 
(UNITS INK.£ M.) 
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1.2 KENYA BREHERIES LTD. DISTRIBUTION SYSTEM 

During thos~ old days when the Kenya 
Breweries Limited was started, distribution of 
the company's products was a problem. In 1924 
the company's brewer, unhappy with the service 
of distribution, had suggested that an ox-wagon 
should be purchased, but as this would mean 
stabling facilities, grazing and all the problems 
associated with livestock, harness and wagons, 
the idea was put aside. 

But 36 years later the question of the 
company's o~n transport system became a matter 
of urgency. Rapid expansion in the late fifties 
convinced the management that there was a need 
for its own transportation system. During 1958 
the directors made a far-reaching decision. 
Until that time the delivery and haulage had 
been in the hands of contractors but this segment 
of the breweries' activity had grown into a 
sizeable industry. Vehicles were purchased, 
drivers trained and the first nervous steps taken. 
Roads were mainly of murram and red earth, potholed 
and very sticky in the rains, but the beer got 
through. Many lessons were learnt, many of them 
pai~ful. The fleet and the service was to become 
one of the best in East Africa. 

By 1965 the breweries' transport system had 
devel6ped to include a fleet of 194 units in 
Kenya. Ei~ht years after the first brewery 
vehicles had taken to the roads, the group was 
Proud of the fact that their mile/ton cost and 
the vehicle utilisation rate were among the most 
efficient in Africa and equated favourably to 
similar industries in more advanced countries 
despite the obvious cost disadvantages of 
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operating on rough terrain. Vehicles of the East 
African Breweries group operating in Kenya alone 
travelled more than 3,000,000 miles a year hauling 
beer, empty bottles, raw materials, machinery and 
equipment. 

The current operations is divided between 
Nairobi breweries and the Mombasa brewery. But 
soon Kisumu brewery will be supplying Western parts 
of Kenya, where this means west of Nakuru. The 
Mombasa brewery supplies beers to the whole of 
Coast Province, while the rest parts of Kenya is 
supplied from Nairobi breweries. For those brands 
that are not being produced in Mombasa like Guiness 
Stout and Tusker premium, they are first of all taken 
rrom Nairobi to Mombasa before they are distributed to 
the various depots. So in cases like that of Voi, 
which is on the way to Mombasa from Nairobi, they will 
never receive their supplies directly from Nairobi 
unless specifically authorized. They will always get 
it from Mombasa so as to maintain the existing 
internal control against theft of beer. (look at maps 
Uo. 2 and 3). 

There are 110 lorries with trailers that 
operate from Nairobi to other parts of the country and 
each one of them can carry an average of 930 Metric 
cases of beer (load capacity officially allowed) when 
full but fo~ empties the capacity is 1016 Metric cases. 
A lorry alone without a trailer has a capacity of 540 
Metric cases when full and 716 cases for empties. In 
Mombasa there are 10 vehicles, these are 7 lorries, 
2 , lorries with trailers and 1 small van. All the 
breweries vehicles have one driver assi~ned to them. 
They have their own maintenance departments where they 
service and repair their vehicles. ~here is a big 
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garage in Ruaraka and there is another one in 
Mombasa. The Kenya breweries uses only road tran~port 
for their distribution of products and materials 
within the Republic of Kenya because they are cheap, 
fast and flexible to use and have wide coverage. They 
buy most of their big lorries from Italy, the Fiat 
company. The Transport and Distribution Manager, 
Mr. Burugu argues that the Fiat vehicles are 
relatively cheaper, more efficient in their operations 
and easier to maintain. The supply market is readily 
available and the supply of spare parts is excellent. 
(see the maps No.2 . and 3). 

YEAR 

1977 
1978 

l979 
l980 

KENYA BREWERIES TOTAL TRANSPORTATION COSTS 
FOR THE YEARS 1977-1980 (IN K.£) 

COST: 
2,467,000 
3,837,000 
3,400,000 
4,320,000 

COST K£M 

4.5o 
4.oo 
3.50 
3.00 
2.50 
2.oo 

~ 

~ .., 
1977 1978 

CHART 2 

1979 1980 YEARS 
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CHAPTER II 

' 
2. LITERATURE REVIEW: 

The ~ansportation Model in Distribution Planning ;· 

2.1 · OPER~TION S ·RESEARCH AND ITS APPLICATIONS 

C'·tseppe M. Ferrero di Roccaferrera 3 defined 
Operat~ .ons Researcl) Techniques as "tools using 
patterns or models for scanning situations and 
problems with the aim of determining the most 
anpropriate solution with the main aim objective 
of indicating the outcomes that can be considered 
consistent with the ultimate purposes of 
management thereby assisting decision makers in 
their selection of actions". 

Operations Research has indeed permeated 
almost every aspect of human life from its early 
begi~nin~~ in _the ~ilitary _ to its current wide 
usage in business. Its diversity of application 
is very much indicative of its usefulness in 
solving problems in whichever area it is applied. 
The present area of concern is distribution 
Planning. Operations Research provides tools 
for use by management .in its decision making 1n 
efficient allocation of scarce resources. 

One of the most important and most 
used technique of OR is Linear Programming. This 
is used to determine the best allocation of 
resources. It deals with either minimization or 

3G. 
Rlnseppe M. Ferrero di Roccaf0rrera Operat ions ese · ~ ' (S arch Model s for Business and Industry, 19~~t)h ~estern Publishing Compa ny, Cincinnati, , Chapter I, pp. 19-20. 



maximization problems; subject to certain constraints. 
On the whole, LP is a management tool for seeking the 
solution of problems in conformity with the firm's 
clearly defined objectives. In its many valuable 
applications, J.L. Heskett 4 contends that LP has lent 
itself effectively to the Analysis of Movement 
(transportation) Systems. 

OPERATIONS RESEARCH APPROACH TO MANAGEMENT DECISION 
MAKING: - FL01:TCHART ( CHART 3) 

PROBLEM RECOGNITION & 
DETERrUNATION 

COLLECTION & ANALYSIS OF 
DATA 

CONSTRUCTION OF A MODEL l 

DERIVATION OF SOLUTION 

&IDITIO!l OF SOLUTION 

-----------.-----------1 

IMPLEMENTATION 

ESTABLISH CONTROL 

FUTURE DATA 

THE 
YE;..S SO:LUTION 

~~ABLE 

NO 

IS 

COST 
LESS THAN 

SAVINGS?/ 

NO 

~Cskett, J.K., "Business Logistics 11 , Encyclopedia of 
anageme n~ , Ed i ted by Carl Heyel , (Renho ld ?o ok Corp. 

USA (1 96 3) Pg . 85 



1~ 1.' 

OR is defined as the application of Scientific ~1ethods, 
Techniques and Tools to Problems involving the Operations 
of Systems to provide those in control (managers) of 
the operations with optimum solutions to the problems 
(As by Ackoff- Rivett). There are other definitions 
like that of the OR groups which says is the application 
of methods of science to complex problems arising in the 
direction and management of large iystem of machines, 
materials, men and money in industry, government, 
business and defence. 

For the Linear Programming Technique to be 
applied to a problem, the problem must have certain 
Characteristics given as follows: 

l. a Well-defined objective and alternative courses 
or action; 

2. the problem should be expressed in a linear form 
using equations and inequalities; 

3. there should be some relationship among the variables 
such that the problem can be mathematically formulated 
and should be capable of describing the problem fully 
and all the relations between the variables. 

Like many other OR techniques, LP uses models 
to Solve problems, hence model building is a major 
characteristic of OR and an important step in its 
analysis. Thus the success of the Linear Progra~~ing 
application to any problem centres on the model chosen, 
constructed and applied. 

2.2 MODELS, DEFINITIONS AND APPLICATION 

Models, according to Hamdy A. Taha5 whose 

~;mdY.A. Taha , OR: Ar. Introduction 
· p -acMlllan Publishin~ Company Inc. · New York, 1971), age 2. :J 
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definition is that adopted in this project, are "an 
idealised representation of a real life system". He 
adds that if the system is in existence, "the objective 
oT the Model is to provide means for analyzing the 
behaviour of the system for the purpose of improving 
its performanc~". Models are derived on the basis of 
the main characteristics of the problem; only 
significant variables pertaining to the problem have 
to be included in it.· The effectiveness of the model 
in respect of how it solves the problem at hand is 
thus the bas{c factor in its choice. This effectiveness 
depends on the objective being sought. These objectives 
must be clearly defined and kept up to date to be 
referred to any time, and they should not conflict. 

Models are of many kinds but of our immediate 
concern is the mathematical or symbolic model. This 
has been known to be the most abstract model and by 
rar the most applied in OR. It employs mathematical 
SYmbols to represent decision variables of the system. 
The variables are related together to describe the 
beh · av~our of the system. The decisio·n variables are 
~nknowns which are to be determined from the solution 
or the model. Also we have known or given variables 
in the model. The model further contains constraints 
Which limit the decision variables to their feasible 
Values in order to let the model account for the 
Physical limitations of the system. Lastly, there is 
the objective function which defines the measure of 
erre t' . c ~Veness of the system as a mathematical functlon 
or its decision variables. The function acts as an 
indicator for the achievement of the optimum solution 
When th e model is being applied. 

Models offer several advantages or benefits, 
they are easier in manipulation or analysis than the 
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real system. They e~0ance carrying out varied experi­
,tation efficiently in terms of cost _and risk. As ~-• 1, 6 

P.J. Robinsol puts it, model application permits a 
eterminatio. of how one or more phases of the system 

Y be changi.d to accomplish some vrell-defined 
'·ective. Robert S. Weinsberg7 adds that the model 

ass1sts the planner 1n reaching a conclusion; it does 
not Provide, nor is it intended to provide, a final 
j dgement-free mechanical answer. Mathematical models ... 
are or many types but or major interest here, however, 
is the Transportation Model. 

The model defines the existence of several 
supply-pointcl (sources) and destinations plus the unit 
cost of transport from each source to each destination. 
Also specified is the quantity of goods available for 
transportation or distribution at each source and.the 

\ quantity required at each destination. In scope, the 
Transportation Model becomes applicable only when t\•ro 
or more sources of supply are distributing one commodity 
to two or . mor~ ~~~iinat{ons. There are various ways of 
doing this but our main concern here is the simplex method. 

There are various methods for solving the 
transportation problem -namely VAM, MODI and Simplex 
Co~~utational method. In this project I was mainly 

7 

~.J: Robinsor;,."The Management Sciences", Handbook.of I.nSlness Adrnlnlstration by H.B. Maynard (MacGraw-Hlll c. N.Y. 1967) Section 1, Chapter 5 pp. 62-u3. 
Roberts w · · 1 t' St ~ · elnsberg, "Management Sclence and l\1ar {e 1ng and.rategy, Marketing and the Computer by Wrob Alderson c{;~~tauley J. Shapiro (Prentice Hall Inc. Englewood --& s, N.J., 1963) Part II, Chapter 1, pp. 98-127. 



concerned with the use of Simplex Method, which is 
used for choosing the optimal feasible programme and 
Which i'l'as developed by the end of summer 1947. 

The development of this method was made more 
f'ruitful \'Then electronic digital computers ~<rere 
developed, which made the application of LP to be 
easy. Since 1952, when the first successful solution 
of an LP problem on a high-speed computer occurred, 
the simplex algorithm or its variations have been 
coded for practically all general purposes electronic 
computers. 

2.3 APPLICATIONS OF LP MODELS 

LP has been applied in solving many manage~ 
ment and industrial problems. Among the areas of 
its application are production planning, smoothing, 
inventory control, financial planning and 
Transportation planning~ The Transportation 
Problem has been modified to handle other managerial 
decisions like the assignment and the contract award 
decisions. 

2 ·4 CHARACTERISTICS OF LP MODELS 

The basic requirements before an LP 
technique can be employed in the solution of 
Practical problems namely: 

a) There must be a scarcity of resources. 
b) The decision variabies in the problem 

must be interrelated, and it should be 
possible to express this interrelationship 
int6 mathematical formulatipns. 

~~----------------------------------------~---- Sal~:l_n.gard Ko:r"Ylbluth J ~- :~ LP in . F.ir~- . Planning 
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c) There must be an alternative course of 
action. 

d) An objective function must be clearly 
defined mathematically. 

t) . The objective function and its constraints 
must be expressed in a linear form. 

For {he model to work, there are assumptions 
that . mu&t be made b~fore employing the LP technique, 
these are: 

a) Proportionality - this is the quantities 
of the inflow and outflow of a system 
are always proportional to the level of 
activity. 

b) Non-Negativity - All activities are 
assumed to be carried out at a positive 
level i.e. no negative units. 

c) Additivity and Accountability of 
Resources. It should be possible to 

-establish proper balances between inputs 
and outputs for all activities. 

d) Divisibility of Activities and Resources. 
So that any positive level of units is 
possible and any proportion of each 
resource can be utilized. 

e) Linearity of the constraint Equations and 
the objective function - Here we assume 
that all equations are of the first 
degree that would be plotted as straight 
lines. 

f) Deterministic Assumption - Certainty. 
It is assumed that all the coefficiencies 
of the variables as well a s the 
constraining values are kno wn with 
certainty. I n realit y t hes e va lues may 
neither be known a cc ur ately nor do they 
rema in c onst~nt . 
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2.5 THE ADVANTAGES OF USING LP TECHNIQUE 

.. _ 

a) Its use leads to the optimum use of the 
scarce productive factors within an 
organization. 

b) It leads to improved quality of management 
decisions. The user becomes more objective 
in dealing with problems. The user concen­
trates in those factors that affects the 
problem only and hence puts a clear picture 
of the happenings within the basic 
restrictions and the elements involved in 
the problem puts the user in a better 
position to understand both the problems and 
their solutions. 

cl It offers a substantial means for improving 
the knowledge and skill of the user resulting 
from the analytical exercise that ·he goes 
through before finding the solution. 

dl The technique is not rigid, and is not a 
substitute for the manager in deciding the 
best action to be taken, hence it is always 
the responsibility of the user to accept or 
modify the solution before using it. 

e) LP highlights bottlenecks that are found in 
operations which may otherwise not be known 
before generating an optimal solution. 

2
• 6 !HE LIMITATIONS OF LP 

---

1. A number of the basic r~~uirements and 
assumptions may not be satisfied. 

2. The size and quality of data available, the 
amount of data that can be handled by G 

\ . computer, time limitation in collecting pd 
trall.3forming - information into mathematica.1. -
notations before solving the problem. 

.::... -
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3. Monetary costs of carying out a research, 
up-dat i ng information and reprogrammlng 
mcy be prohibitive . 

4. It can solve problems with only one 
o :~ j _ective function f while we know now that 

organizations pursue more than one objective. 

Although we have such advantages and limita­
tions or' LP, we can st i::.l argue that it is the be st 
technique so far for solving such problems as stated 
above and they give optimal solutions given at any 
Prevai:ing circumstances. 
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CHAPTER III 

THE TRANS PORTATI ON PROBLEM (TP) 

One of the earliest and most fruitful 
applications ·of Linear Programming techniques has 
been the formulation and solution of the 
transportation problem as a linear-programming 
Problem. The basic TP was originally stated by 
Hitchcock9 and later discussed in detail by 
Koopmans10 . 

The General Transportation P~oblem 

A homogenous product is to be shipped ln the 
am~un:s a1 , a 2 , a 3 ... am, respectively from each of M 
Shipplng origins and received in amounts of b

1
, b2' b3' 

•·· bn, respectively, by each of n shipping destinations. 

The cost of shipping a unit amount from ith 
source to the jth destination is c .. and is known for lJ all combinations (i,j). The problem is to determine 
the amount X .. , to be shipped over all routes(i,j) so lJ 
as to minimize the total cost of transporta tion. 

9H. 
ltchcook, F.L. Distribution of a Product from Severa l ~~ur~es to Numerous Localities, Journal of Mathematic a l YSlcs, Vol. 20, 1941. 

10 
Koopmans, J.C. Optimum Utilization of the 
Transportation System, Economet~ica, Vol. 17, Supplement, 1949. 

~~ .. - -- ·- .... . -- ~ . ~ · ._,._ - -
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"' Below is a simplified tableau of a transportation 
Proo;tem. (Tabl ~ 3 .1). In this table we have M sources 
Plus 1 dummy s !Urce for any shortages and n destinations 
Plus 1 dummy dJstination for any surplus goods. The 

to O:l cost of .3l}.ipping xij goods (units) is given as 
Ci-~~ ;· Since there is no negative shipment, we ..~.. ... 

restrict our x. -~ 0. So from the table we have the 
lJ~ 

mathematical S tatement of the transportation problem: 
Find values fJr Xij whicL minimizes the total cost. 

TABLE 3.1 

DESTINATIONS 

~- 1 2 j n n + 1 SOUF.CE 
I . 

CAPACITIES 

c11 cl2 clj cln '\ (n+l) 
al 1 

xll txl2 ~ .. ~ln ;<1 (n+l) lJ 

y21 c c2. - c2 c 2 (n+l) 
a -- .. - 22 - J 2 

~21 v 
~2j X:2n ~ 2 (n+l) 2 f\22 
I 

cil ci2 c .. c. C.(n+l) a : lJ ln l i i f£ 

!Xi2 ~ .. x. ~-(n+l) f\-il 
lJ ln l 

M I 

CMl CM2 eM. c ~1n CM(n+l) lJ '£ 

K~12 K· . iT k~1 (n+l) aH f\Ml 
MJ "Mn -

c ' 
C(M+l)2f(M+l)j C (r1+ l) n c(M+l)(n+l) M+l Oh1) 1 

fi.M+l lr 
I'"JJ'l + 1) 1 r-(M+U2 f(M+l_)j X M+l(n+l) - (M+l)!l .J:. 

- -
. J ~! . 
I-ta bl b. b b E-i }-, .;- b2 J n n+l 

A t'J) 8 53 
c:~ c::c u 
Q - ,. c: "'-

--
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3.1 m + l n + l 

~ > c .. x .. 
lJ lJ i = l J = l 

Subject to the following constraints 

3·2 n + l 

~ X ~ a., i = l, 2, ... M, M+l i..i l 
J = l 

3.3 m + l 

~ X .. ~b., J = l, 2, ... , n.; . n+l lJ J i = 1 

and 
3.4 X.·~ 0 lJ 

In order for the above to be consistent we must have 
the sum of equations (3.2) equal to the sum of 
equations (3.3) that is: 
m + 1 

~ 
1. :: l 

n + l 

z=- xij = 
j = 1 

n + 1 

L_ 
i = l 

M + l z= 
j = l 

X •. 
lJ 

Where A could be either the total available or total 
requirements, whichever is the bigger of the two. 
The system of equations (3.1) to (3.4) is a linear­
Programming problem with (M + l) + (n + 1) equations 
in (M + 1) (n +1) variables. 

Hence from the above literature the 
Transportation problem is a minimization problem, that 
can be solved by the use of any of the foll owing 
methods When they arc the most appropr iate, simp,,~x 
tnet1.od , Stepping-Stone or Vog~ Approximation me1-.rr;d, 

- vr Hetdified Di.stribution Method · . . . It therefore s-ea.rcY.cs 
£or the optimum quantities of units ~o ship from 
each factory (brewery) to each ~arehouse (d cp~t) for 
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~ least cost solution. 
t .. 

\. 
In ;his project the simplex algorithm is useful, 

because of i wide range of depots involved, which 
makes the choices to be numerous so as to require the . . 

--;e of computer services. 

A rigital computer can be used whether it be 
in a bate!: or a re.al ':ime processing made to arrive 
at a final solution. This is one of the reasons why 
the linear programming approach is widely used in ~~e­
indu~try today. 
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CHAPTER IV 

A THE APPLICATION OF A TRANSPORTATION MODEL TO THE 
CURRE~~ KENYA BREWERIES LTD. DISTRIBUTION SYSTEM 

A· 4 .1 The Da t ·a : 

As mentioned earlier, the data and 
information relevant to the transportation 

problem includes the sources of supply (the 
breweries) and the quantities of product 

available at each of the sources (ai), the 
destinations (depots) and their respective 
demands or requirements (b.), and the unit 

J 
transportation costs (C .. ) from each source to 

lJ . 
each destination. All these data are available 
except the last one whereby the transportation 
rate was not obtainable. But this problem can 
be taken care of by the use of what we called 
Parametric programming. We shall treat our 
transportation rate to be a parameter called (C), 

then go ahead and derive the unit transportation 
costs. 

A.4.l.a Sources f s Q t't' · A 'l bl o upply and uan 1 1es va1 a e 

The sources of supply are the three 
Breweries one in Nairobi (Ruaraka), Kisumu and 
the one in Mombasa. The Kisumu brewery is not 
Yet complete and is expect~d to start operations 
in 1982. So we shall be concerned with the 
Projected operations of all the above breweries 
by the year 1982. These three breweries ~nd 
their capacities (a .. ) arc shown in Appendl~ l(A). 

lJ 
·----· -··-·· ·-- . -·· ·- . 
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A.4.2.b Destinations ·atid ~h~ir Capacities 

The destinations in this project are the 
depots. These are the centres where the Kenya 
Breweries Ltd. vehicles offload their beers 

so that the agents can collect for distribution 
to various areas where they are consumed. The 
destinations are forty (40) in all and these 
and their requirements (b. ) can be seen in 

J s 
Appendix ~I (A 1. 

A.4.l.c Unit Transportation Costs 

This has been arrived at by multiplying the 
various distances between the breweries and the 
depots by the transportation rate per case per 
kilometre. This rate has not been avaiiable 

and instead we are using a parameter (C) for 
our purposes. In Appendix III (A) we see the 

various distances from breweries to depots in 
kilometres. In Appendix IV(A) we find the : 
unit transportation costs that has been derived 
as stated above in Kenya Shillings. So that 

the figures we see in Appendix IV(A) shows the 
cost in Kenya Shillings of transporting one 
case of beer from a brewery to a depot. 

So in order to find the best or optimal 
Pattern of distribution of beer in order to 
satisfy the demands promptly and at minimum 

COGt; we have to use the relevant data shown 
in Appendices I(A) to IV(A). 

A. 
4 

• 2 'l,lle 'I,ransportation Model ·and the Keny~ Breweries 
1td. Distribution Problem 

The transportation Model as already 
Provided is a basic model, but may not exactly 
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suit the situation and minor adjustments are usually 
expected before being applied. 

The formul~tion of the problem can be read 
from Appendices V(A) and VI(B). The slack (Dummy) 
column in the· destinations have been added because we 
round out that we had more beer available in the 
breweries stores than could be consumed. After this 
rormulation then the next move is now to put down the 
objective function to be minimized and that is the 
total cost of transportation. 

Min. Total Cost 

Subject to: 

n + 1 

~- c .. x .. L_ - lJ lJ 

i = 1 j = 1 

- 3 41 

LSxij, where cij 
i=lj=l 

A-Brewery capacities constraints 
41 

z=. Xij ~ aij,for i = 1,2, and 3 
j =1 

B.Depot requirements constraints 
5 
~ 
/ X. ·~b <-----..:. l J / i j 
i=l 

, for J = 1, 2, 3 ... , and 41 

is .u-nit .. 

transportation 

cost and Xij 
is the optimal 
quantity of ,, 
units 

transported as 
explained 

earlier. 
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C. Non Negativity Constraints 
x. ·~ 0 ,. lJ ~ 

" 
When solving ur problem we can remove our parameter 
variable "C" j-rom the objective function vdthout 
arfectin~ the optimal solution by dividing the 
0 b,;:.-'ctive eq~a.tion by "C", which we can put back after 
o_btalning the optimal plan by multiplying it vdth the 
rinal figure of cost. 

TRE FOLLmHNG ARE REPRESENTATIONS OF QUANTITIES TO BE 
. 'SI!IPPED FRGr1 THE THREE BREIVERIES TO THE DEPOTS 

Let XiJ represent that quantity shipped from Brewery i 
to depot j, , -here i = 1, ... , 3 and j = 01, ... , 41 i.e. 
X 

101 represent that quantity shipped from Bre..,~Ter;y l 
LRuaraka) to depot 01 (Kisii), See Appendix V(A) and 
YI{A). 

All the quantities from Row 1 comes from Ruaraka, Row 2 
comes from Mombasa and Row 3 from Kisumu brewery. All 
depots are hum1Yered- from 01 to 4·0. SL represent slacks 
for the brewery capacities. 

The optimum solution must satisfy the column require­
ments Which are equal conditions, and the roi'T require­
ments, Which are equal or less than conditions. With 
the addition of Slack Variables (SL) we have an equal 
to condition for the rows . too. 
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4.).A The Computer Linear Programming Package and its Use 

.. 

A_package is usually a devise which takes 
in pa~meters and processes them following a 
partic4l_ar pattern that has been established. 

XDLA 
In the University of Nairobi Computer, an 

ckage that can be used for solving Linear 
Programming and ~~ansportation problems is 

available. For full details consult ICL Reference 
Manuals 4147 - Linear Programming MK3 and 4288 -
~inear Programming MK3., guide copies of which 

are r€adily available in the Institute of Computer 
Science Library, Ch~romo. 

4.3.b. Use of the p k ac age 

After the formulation of the problem has 
- been completed as shown above then using the 
instructions given in the mentioned manuals we 
can- start ·c-oding the information ready for 

Punching. After coding the information on 

coding sheets then all that information will be 
Punched on cards in the correct format. The 

Punched cards are taken into the card reader 

Which reads them for running in the computer 
Package. All these ·were done and after some 
iterations which are not shown in this research 
Paper the optimal solution was found, that can 
be read from the computer printout given here 
as Appendix VII(A) which will be explained later. 

A,
4· 4· THE SOLUTION m.!.O mlvE 

n CURRENT KENYA BREWERIES 
QISTRIBUTIO J PLAN 

After the application of the ICL Linear 
Programming packag~ as explained above, the 



36 

solution was found whi~h is shown in pages 58 to 59 
(Appendix VII (A) ). On this computer printout we 
have rive columns and one hundred and twenty four ~ows, 
representing the variables and the objective value. _____ _ 

The interpretation is done as follows, in the 
f'irst column we find letter "B", which signifies that 
row contains the basic variable, that is to say the 
Variable that appears in the optimal solution. 
Following that column down the first letter "B" appears 
in row 2, so that we know that variable x102 is a basic 
Variable and it appears in the optimal solution. As 
eXplained earlier this variable denotes the amount of 
beer (in metric cases) that is shipped from brewery 1 

~Ruaraka) to depot 2 (Nyeri). To summarise the 
~nterpretation I will give the meaning of each column. 
In column 1 if there is a letter B, then this shows that 
the variable is present in the optimal solution, and if 
there is nothing then it means that the variable is not 
Present in the final solution. In column 2 we have 
the variables given in ascending ·order, their meaning 
Was explained earlier, with the title name. In column 3 
~e have the value of the variables (in this case in 
units of metrix cases of beer except for the objective 
Value which is the total cost of the optimal distribu­
tion Plan). In column 4 entitled objective, we have 
the cost of transporting a case of beer from a brewery 
to a depot as the case may be. In column 5 we have the 
extra cost (i.e. the additional costs of transporting 
a case from a berwery to a depot) if we were to do so. 

So that if we take the first non-basic 
va · 

rlable in the first row, we do not have a lctter ' B Wh,-
-- ::tch_indicates that .the. va~iable :x:

101 
is -non-basi-c 

and · 
. Wlll not appear in the optimal solution, and this •i 
s Why we have figure zcrQ in the 3rd column under the 
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title value, the zero means no beers are shipped from 
brewery 1 (Ruaraka) to depot 1 (Kisii). If one unit 
was shipped then the cost would be K.Shs. 615C, made 
up of the normal cost of K.Shs. 364C plus an additional 
cost of K.Shs 251C so that by not shipping anything 
rrom Ruaraka to Kisii we are in effect saving K.Shs.251C 
Per case. The rest of the non-basic variables will be 
interpreted in a similar manner. 

Taking the first basic variable which is in 
row 2, in the first column we have letter B, which 
shows that it is in the optimal solution and in 
column 2, we find that the variable is x102 . Following 
that row we find that in column 3 under value . column 
~e have figure 75000, which is interpreted as the total 
amount of beer in metric cases shipped from Ruaraka to 
Nyeri at the cost of K.Shs. 155C per case) the figure 
Shown in column 4 under the objective column. In the 
last column we have figure zero which means that there 
is no extra cost above the normal cost of K.Shs. 155C 
or transporting one case of beer between the two places. 
The same interpretation is applied to the rest as 
~Xplained above. After interpreting the computer 
Printou~ as it is given aoove then we draw up an 
optimal plan that is shwn in Appendix VIII(A). This 
summary which is presented in the form of a table shows 
all the breweries and all the depots. ThiR gives the 
quantity of beer that is shipped from a brewery to a 
depot. So that each cell, say for example the first 
one, shows that no beer is shipped from Ru~raka to K. . . 
~5 11, because this would have been a less economical 

operation than the one given which shows that the 
most economical way of supplying Kisii depot is from 
Kisumu. Hence from this table we find that all the 
K~sii requirements is satisfied by the supply from 
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Kisumu brewery alone. Kisumu brewery supplies 
\oooo cases of beer to Kisii and this is the total 
demand of Kisii depot. The rest of the cells are 
interpreted in the same way. 

Therefore Appendix VIII(A) shows the 
~ecommended distribution plan of Kenya Breweries 1n the 
rorm of a matrix which can be read very easily. It 
is possible to have two breweries supplying the same 
depot due to limited supply from the brewery that 
could supply at a cheaper cost, like in the case of 
BOla in our problem here, where 9000 cases is being 
supplied by Mombasa brewery and the other 1000 cases 
or the total requirement is being supplied by Ruaraka 
brewery at a higher cost per case. This is so because · 
the Mombasa brewery supply has been exhausted so the 
next best alternative is to supply from Ruaraka. So 
the optimal solution is the best we can do under the 
given conditions prevailing at the time of planning. 

In this optimal solution we find that most of 
the excess beer is in Kisumum brewery which amounts to 
32000 cases, while in Ruaraka we have only 2000 cases 
and none in Mombasa brewery. In such a case when it 
comes to implementation the execution of the plan will 
rely on the management's judgement or alternatively a 
certain minimum safety stock could be established and 
incorporated into the plan, hence acting as another 
constraint. In our case we would have done so by 
setting the chree variables concerned as given below: x >x 1-41~ 1' x24l~x2' and x34l~x3, 
~ere x1 is the amount of beer that will at least remain 
1~ b~ewery 1 (Ruaraka), x141 is the variable which 
g~Ves the amount of beer that remains in brewery 1, 
b~cause depot 41 is interpreted to mean the same 
brewery and the others are interpreted in the same manner. 



39 

The distribution plan can be read very easily 
in Map 4, which shows the various routes that will be 
used according to the optimal plan. On this map we 
rind the optimal plan will divide Kenya into three 
distribution zones, namely Western, Central and 
Eastern. The Western Zone will be supplied by Kisumu 
brewery, the Central Zone by Ruaraka and the Eastern 
Zone by Mombasa brewery. This demarcation of Kenya 
into Zones of distribution is applicable only under 
the current conditions otherwise when conditions are 
Changed it might change a bit. But the point to note 
is that a d~pot will be . suppl~ed by a brewery that ~d.ll 
do so at the most economic~l G?~ts subject to the given 
constraints. 

If we compare the old plan and the optimal 
~lan we find that the new plan costs 
K.Shs. l30986oooc, while the old one would have casted 
an extra amount due to the extra cost that would have 
been incurred due to the shipment of (i) 15000 cases 
rrom Kisumu to Kipirash instead of shipping them from 
Ruaraka, (iil shipment of 1000 cases from Mombasa to 
Bola, which. would mean transporting them from Ruaraka 
to Mombasa first, before shipping to Hola due less 
Capacity in Mombasa instead of shipping them directly 
rrom Ruaraka, (iii) shipment of 15000 cases from 
Mombasa to Voi instead of the direct shipment from 
Ruaraka then being brought back to Voi. So from 
these rew instances we can rightly concluQe that 
the Present optlmal plan will definitely cost less 
than the old system that was summarised in Map 2. 
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B. THE APPLICATION OF A TRANSPORTATION MODEL TO AN 
HYPOTHETICAL KENYA BREWERIES LTD. DISTRIBUTION 
SYSTEM 

B .. 4.1 The Data 

This is the same as glven above ln A.4.1, 
the differences will be shown below. 

B.4.l.a. Sources of Supply and Quantities Available 

The sources of supply are five for this 
hypothetical problem situated in Ruraka (Nairobi), 
Mombasa, Nakuru, Kisumu and Kitale. Look at 
Appendix l(B), which shows the Breweries and 
their capacities Cais) 

B.4.l.b. Destinations and 7heir Capacities 

There are 40 depots, these can be seen in 
Appendix II(B1 which shows the various depots 
and their requirements (bjs). 

B .. 4.l.c. Unit Transportation Costs 

This can be seen in Appendix III(B) and 
IV(B) which shows distances and unit transport­
ation costs respectively. These have been 
arrived at as described in ( A)4.l.c. above. 
Refer also to Appendix V(A). 

From the above informa~ion we can now 
formulate the transportation problem in its 
3tandard form by the use of Table given in 
Appendix V(B). 

.. .. 
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B.4.2 The Transportation Model and the HYpothetical 
Ke·nya Breivcries Ltd. Distribution Problem 

The formulation of the whole transportation 
problem in its standard form has been demonstrated 
in {A) above and the same procedure is used in 
(B}. Refer to (A) 4.2 for further explanations 
which are generally applicable in both situations. 

As follows below is the formulated 
hypothetical problem of the Kenya Breweries 
distribution system. 

·. 
First is the objective function which is a 

minimization problem: 

m+l 
Minimize Total Cost(Z) = 

~ 
n+l 

~ c .. x .. 
lJ lJ 

i=l j=l 

= 5 

~ 
i=l 
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~c .. x .. 
L_ lJ lJ 

j=l 

Where c .. is unit transportation cost and lJ .. 
X .. is the optimal quantity of units transported lJ 
from brewery ito depot j. 

Subject t~: 
A. Brewery capacities constraints 

4~._ 

~x .. ~ 2_ lJ-
j=l 

a .. ' lJ 
for 1 = 1 , 2 , 3 , 4 , and 5 

B. Depot requirements constraints 

X .. ~ b .. , for J = lJ lJ 1, 2, 3, ... , 41 
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C. Non~Negativity constraints 

x .. >-.o 1J // 

Note: That the representations are just the same 
as those given above in problem (A), 
except for the addition of two other hypothe­
tical breweries given as Nakuru and Kitale, 
numbered 4 and 5 respectively. 

B.4.3 The Computer Linear Programming Package and Its Use 

This was explained in (A) above and so 
reference could be made if need arises. The same 
procedure was done for the hypothetical problem 
hence the computer output is shown in Appendix 
VI (B). 

B.4.4. The Solution to the Hypothetical Kenya Breweries 
Distribution Plan 

After a simlilar application of ICL 
package as explained in (A) above, the solution 
was found which can be read on pages 70 to 74 
(Appendix VI B), given in the form of a computer 
printout. Its format and interpretation is just 
done as explained ~n (A) above. 

A summary of the computer printout is shown 
in Appendix VII B, which shows the various 
quantities shipped from one brewery to a depot 
and how all the depots and brewery constraints 
are satisfied. 

In this particular optimal distribution plan 
we find very interesting recommendation such as 
other breweries supplying depots located nearer 
to . other breweries, because this will be the 
cheapest way to distribute beer from breweries 



43 

Mf- \-\ -\\t.IIC.f\L 1:\EtNA egt:wE~IE-; IR1'.1'1S9o~\~\\()N flRC>BLE.M ~O'RMULII.11::\0 5"\-\ £ C :;}"t: c..\IVt £VNCII'JN' ___ . ---· --------
J""lW\1'!11:£.£ ,uTAL C'oST(z) :361;c'x't•I·H:)~'cX,,z1-~dtol+ \1cXtntt-1 139t.iiOS"+"'kXteH.2ooc.XIo1- -l ~,~,,~ -1 ~YKXtcttf" l<!ZrXn':l+;t,l,c\',, I -+-~Xt,l..+-.)f. ~ ..X11;+ 3c.l4 1~ ~ /sr.cXus- ~ 4o~c:t,,, + 34~'~11 11312<..\i li ._. 1'15cX',c'li lbo~1.ot 6~c-"111 tsqc'xu.2-+ fJtX',.u+14cXwl- "ti:Oc.X;l':) t-.!«XI2bt ~1 t .!tcXtli ~ l~gc.XIl'{ i 12t:.A\JI1+3toc.¥ul-lll~c.\j:1fio1c:Xt33+4~~::X;~+ !t0.JcX13~~ '+Cf'lc.XJ36t5' 1ecX~.n·-f5~~t.Xl3i+53b.:-~~ 12'U,c.~h -t-~~ 1 +blto«ZJ:: '-511dz;3t 504cXzo~i-+b~~ln5t S.flcX1of>+b~'C.X1.<J'f-t T-'&X.?~st- l!>lcX,zp'} t b~~~~t<.X.z.tl+ 11q._~1rZ U6kY:u3 +~i'c.Xz, t6~!r.X1 !~+,s=r ~Jbt-€3'ftX,m-t1'!'!c;ltt€ /t-3~ch!q+ 31JCh.<O'fo/;."ScX,v + St<K.Xw t't1lcXl23 -tf;'l,.:.~ rvt~'J.!9;;z~:\s'~~ 1SttLXu1 'a.ns+h3d.u'! -tJ;13r 'J-'~ 1 'Ec~!.M l bt.: ... ~.t3:d 5j~Ch\1"t-rlc.'<.z3~ -t£cX.1JS-+ 1r.x,y, ~ 31cXt.r:r+£gcX:zJi-t 3\Y-~H~I~.;~_~a'\z.qrt tllc~J•I +~.JJ>1HJ~ 1,3 tl3~ . +4jsr.·c.'}l>5"~~~<) _,.,btlll-'X:;Di +Soti><3i3\ t GS3cX3,•tt 3!50.J'~~cX3h +'b~3u. +rW3'3 H'60~''"'~ tliL{_~~:­i S1cX1orH .-rd:. 1~ t l.)ll~t5 -t9~ 31'1 :YP!X_u!~+ ',.t+ ;. X321 +264CX3utT'WJZJI 33S'c'~32'f 1 384-'~Jl6"~·'31bc.'<32t~ 3'5tXJL~-t ~·cXns t2Dic.X.32~ 3llcXJ:wn:!S:;Y ·+23.3~Y_n1l t,..t:ta;:J.3 -1 Z'~&c/~'f t S~tlcX3b·-1.sr;l'~.n61 Sl£cv.m18Cfl<>'_n& ~SfiOcXn'1trl~~w:+~3tri+~~.t.~tU10t\''1"2 + ~4--l +t •, ''19-;l)(\Nl:) + l'i8c'¥1 .21'f~1 t 30'!c~ ~ 1 ~oc.X"tl"f I I lUX!, to+ 1\'.)'~11 t16o~12.-+ 1 ~C\I3 Ht~'f. -t ~r.~f:)i '1'-t<~O..t(, -fl~lc)('ll) t Sc~IB -l.357C-X;ri-+ 31~of2:tic.~;u-t!_,1c.X...n1- ).:J.3cX'+L3 ~ J~Zc't.J,:'fi 141 cX~.zs--+ lt3~42f.. i \~2LX4-.21~~kJ~.1S'~ 'i~c.,Xrl"f 't ;~'tlotS ~I +ltt::c. '<t3! }~3c.v ":?f!.53G·\p~t+64'frX'r.i5tl1t6c-"'i3b4- o"::2L~:ni b1Yr.X.'t3S -t6i'lt:\:}S'rl '1h':>c XHo~o .~t-tl ~?.i<.:::.'£:)!t:;Ct~;Sc2 l+~l + ~s;>u i-S:!:>!X.;.os-t 'm .X,oc>+'/-'t;c X,:,t>J ~ :53\tc..X'ii.:€-+ 1J,)c.~~ + "3~~_x:;,ot.t3Y.X.51 1 +<J&5c.X:it2 ·t 3~1 ~+ 3l¥c.:<5r'ff nu .. Xst;; + ~ ~''+- f<f::i!: >H-+ Afcl.':it& t5f.fcX;),~t£'-~~~;:.~~~5.2(t).<v.d'tr.u+36~~-;:n t~"kX;l!f +~~()'_fZS"-4-~c,.Xsz" +'t>~.,lo;•.)2.t-+Af3u.xs~+ . s:z.r+ 34'k. +'?~Jt.W~C.X,:utc,b •'~i.rfi't~~:l sw~ts-:ucxsj' -+5-<fk?'sn t'lz~J&>+-'111~61 ~ rzo1cXs'to + o>:.:;-<t-1 

CoNSfRf\1,..:1£;.. 

2f..~t.2t -tX2-zt +X3~t-+ )(ft.l, -~ Xs21 ~ 1.1· x,u tX2-l2 + X321. + X~z +Xsn ~...:­:13.' X11~ -tX.,n ~ X3n -1 ~· t.tn ·1 ~52:s ~ 
.zr;: .Xtt~+-+X:tl._ -+X,u~ -t 'X 41lf. 4 Xs2~· ~ 
1..'i: x , u- -t X1.:L..'> + X3 2S -+-x 4.2S'" + x5"1.) ~ 
2~- :X q~;, + X:zl.b + X~b +XJt:z. t,tX;;:lo ~ 
.n· X,n _, \"u"l + Y~71-t X~tn -t 'Xs·n ~ 
1g. X1;~ +X::u~ \- X12'€ + X'f.lt -t )<slio/ 
24. ~~1~ t X;..z9 + :X.,;.z'i + ~:z::r + X5.!!.9 0:> 
3D · X oo -+ X:no +X _:no+- XI(~" +- X.:;)c --,;~ 
~f . Xr!l ~ '<'131 -\ X.nl 1 y,~sl + X63! ~ 
3t: .X t 3..2 -\ X,z.31.. + X 3.tt +X lt32 + X 532. ~/ 33 . ).'1,,-;:s + X.:.n ~ X3-:n t X'+ ~1 t 1<'5 33 ~ ~~ · -'< t31 -\ ).n~ . ·I J. 3~11 ~ ;(+3 ~ ~ X534 ?'::.-35- Xr3!l~-+ Xu~t '_q;; + .x :~ .;~;t X:;~s- ?....-
3&- Xr!/:. ·I X;;.:J6 ~ X33& -\- '1~ 36 ~ 'X~36 -:< 
31-- X131. "\ \"nl: + X:331 ·\ Y,, 31 ·I l ·5:n 4 
35'· X13~ + X;v&' t X 31S + Xl.f3s·t-X53:l ~ 3·1 ,'( 131 i X;n.) +X 33'1 t ><1·2'1l-X.531 ~ 
"f.:"> X 111,, ., '<1.11-o 1 '<'3Lrl)-\ :~~tX'stt., ";~ 
(i.J. Xl~+-t+ X;.fH+A3H+X~tt..t+X:>f-( ~ 

' I ' \( I 0 1 ' ' I ~I. - - - - - - - - - - -· . - )/. 11:- I 1 7:/ 0 
.. _ • ' :;:t I ,, " 1 I 

' ..-/ I /' 

:;20 0 0 0 

\1it:>C'0 
130 0 0 0 

~~ ooo 
3:Z.C'l c 0 

23CC0 
22.0 0 0 

II ooo 
to c<.:>o 
~oc o 

29 t) (' (" 

~;.1')000 
5-bccc 
~Ef DOD 
l'!!ouo 
!··lo·:·lo 
II) D!)V 

3CDI)0 



to depots when we look at them in totality. That is 
en we control all the various breweries for the bene­

fit of the whole organization. This sort of a thing 
is seen in such recommendations like supplying Nyali 
directly from Ruaraka and yet Nyali is situated very 
near to Mombasa brewery. The other examples are 
Kisumu brewery which supplies Nyahururu and Naivasha 
which are beyond Nakuru brewe·ry arid very far from 
Kisumu brewery itself. The same case applies to 
Nakuru brewery which supplies Meru depot which is 
beyond Ruaraka to the opposite side. And Kitale brewery 

ich supplies Nakuru depot that is situated very near 
the Nakuru brewery. 

All these funny recommendations and the one that 
was mentioned earlier that of the same depot being 
supplied by more than one brewery is possible due-to the 
relationships between breweries capacities and the 
depots requirements. 

Therefore without such an application of a 
transportation model to find the optimal plan we can never 
make such recommendations which can be seen here to 
be going to minimize costs hence maximizes the profits 
of' the firP'l. 

Again we could have incorporated safety stocks 
in our model so that we shall remain vrith some beer in 
the various breweries as explained in (A) above. 

The hypothetical distribution plan has been 
SU..''nmal-:ized in Map 5, which is self explainatory and 
hence ls easy to read and understand. In this cas~· 

not li}c_e in pr0hlem .A,_ we __ ar.e .not .alJle te-.dc:::1a,..cate _ 
the various distribution zones because of the complex­
ities of the distribution plan. However, we can see 
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t at the plan is a str·aight forward one and is clearly 
shown by the markings given. 

In comparison with the old plan, a similar 
procedure could be shown as it was done in problem A, 
tbat will lead to showing that the optimal plan is 
really the cheaper of the two . 

. -. 
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CHAPTER V 

SUMIT· ARY AND CONCLUSIONS 

Subject to various limitations mentioned 
ear~ier,this ~tudy has been carried out successfully . 

• 
I am ~appy to say that, despite the time pressure that 
I was subjected to, I have been able to complete the 
study as req~ired by the MBA regulations and at the 

.~ 

same time been able to satisfy all the objectives that 
were listed earlier in the introductory part of this 

research paper. 

I hav~ been able to _carry out an investigation 

about the transportation system of the Kenya Brew~ries 
Ltd ... and showed how a transportation model could be 
applied to give an optimal plan of the distribution 
s¥stem. Such a plan can make the whole management to 
function as one group, so that it enhances coordination 
and communication in the organization for better 
ef".f'ic iency. ·- - - - - -

I have also shown how such operations research 
knowledge can be -utilized in solving real world problems 

such as the one in question. This study has also shown 

that there is always room to improve the operational 
efriciency of any organization at all operational levels. 

It is also my hope that the Breweries Manage­
ment will take the study seriously and consider various 
ways of try ing to implement it. This is because after 
the analysis of the problem and a plan of action has 
been drawn up> the next inevitable stage towards 
solving the problem is to implement the plan. This 
ha~ been defined as the translation of the plan or 
r esults into detailed operating instructions gear ed at 
so1vin~ the problem at hand. 
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It is very important that those who will be 
executing the plan should thoroughly understand how 
it was arrived at, hence it is a necessity t ·hat tproper -
and close communication should be maintained between 
the planners and the executors. In implementation of 
the optimal plan other administrative considerations 
will be brought in which might lead to small adjustments 
or the plan, so that we do not hold the plan to be 
rigid. 

In addition, whereas this plan looks a 
permanent solution to the Kenya Bre1veries Ltd. 
distribution problem, the management should realise 
that it reflects what should be done only so long as 
the existing conditions holds otherwise better data · 
can always be incorporated and a better plan arrived 
at, when the environment changes over time, since , thts 
world has got a dynamic environment. 

Two optimal plans were arrived at, one was 
relevant to the current situation while the other one 
was an hypothetical problem. Which by holding other 
things constant and varying the demand · and the number 
of breweries;· tried to show how the optimal 
distribution plan could be affected. A study of a 
similar nature could be carried out to find the best 
locations of breweries and their capacities in future, 
s~ as to reap optimal benefits. Operations Research 
techniques such as the one at hand can be effectively 
utilized in carrying out such an analysis and 
managers of all types of industries should take serious 
approach to knowing these techniques and how best to 
apply them to improve the operations of their ... , 
organizations. 

U" · ----- - - - ---- - ---- - .. - - ·- - -- - ~ -

The possible areas of application of Linear 
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Programming techniques in the Kenya Breweries Ltd are: 
l. Production Scheduling - here the production capacities 

or the various breweries will be analysed in relation 
to the total demand and its future. 

2. Breweries and Depots Siting - here an application 
or Linear Programming techniques can come up with 
optimal plans of the locations of the breweries 
and depots. 

3. Capital Budgeting - here we find that the Kenya 
Breweries Ltd. is either acquiring new capital 
assets or expanding on the existing ones, in either 
way an application of Linear Programming techniques 
can give optimal solutions. 

~. Policy Chang~ - here we find that a future change 
in policy can effectively be arrived at by an 

application of LP techniques, this could be done 
. ' . 

in such areas l.J. ·· ·: 1anging the mode of transport, 
say from roads tu that of using railway lines. 
This could be possible if the breweries can carry 
out a research to find out the effect of building 

big or what I would call primary depots (which 
will feed the secondary depots) along the railway 
lines and at strategic positions that will minimize 
costs in the long run. This will be a realistic 

possiblity in future considering the fact that the 
cost of fuel and vehicles is continuing to rise 
every year. It will come to a time when using the 
present mode of transport will be uneconomical, 
when compared to some form of mixed modes such as 
the one suggested above. If such a plan or project 
could be done, then the Breweries will build these 

prinary depots along the railway lines and then 
the Railway Corpor~tion will also build what I will 



call railway sidelines, whereby the trains carrying the 
'~er wagons could pass through and drop the wagons 
'I' efore cont:~uing on their journeys. 

Whefl coming back they pick the empties and 
e~rry them back to their sources. Although this will 

e ~big investment initially, in the long run it can 
be found to be cheaper. From ·these primary depots 
the Breweri2s lorries can then pick the beers and 
transport to the secondary depots (final destinations). 

Such a change of policy if researchers will 
find it to be cheaper, will help to solve the Government 
restrictionS of road maximum load that cannot allow the 
Breweries to use bigger vehicles than what they are 
currently using and will reduce the number of vehicles 
required for their transportation.department. 

;- r 

5. ehicle Scheduling and Fleet Planning - this lS the 
next stage after getting an optimal distribution plan. 
Here you -will -equate the number of vehicles, their 
carrying capacities and the amounts to be shipped from 
various Breweries to various depots, so as to minimize 
cost, by using the smallest number of vehicles to meet 
the requirements at the lowest cost. 

' 

There could be other possible areas where Linear 
Programming techniques could be applied, because these 
tec~~iqucs have proved to be applicable almost ln all 
r2elds of management operations, and it should be noted 
that it is hard to mention all of them. 
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APPENDIX 1 (A) 

MONTHLY BEER SUPPLY (IN METRIC CASES): 
QUANTITY AVAILABLE FOR DISTRIBUTION 

"" ... 
I 

BREWERY QUANTITY AVAILABLE 
1. RUARAKA (NRB) 1201000 . . 

-
2. MOMBASA fd 161000 .. 

3. KISUMU 340000 

TOTAL SUPPLY 1702000 
============================================ 

., , . 
· .. ·,~~ .. -~-"f>' 
~., . .. " .. ·• . ... 

\ . 



APPEl DIX TI (A) 

MONTHLY BEER DEMAND : TN METRIC CASES 
THE DEPOTl S c · PACITIES PER MONTH 

. . DEPOT CAPACITY . . . DEPOT 
l. · . KIST I 40000 21 MACHAKOS 
2 •· :ITER I 75000 22 NAIVASHA 

. 3 .· . [rlURANGA 100000 23 NARARASHI 
'4. KABETE 30000 24 RWATHIA 
s:· EMBU 40000 25 MWAMBA 
·6. · THIKA 70000 26 . . MABOKO 
7. 1f1ANYUKI 15000 27 NGONG . . . . 

8. il-1ERU 90000 28 MUKA~1U 

9. VO I 15000 29 . KIPIRASH ... 

CAPACITY 
30000 

15000 . 

170000: 

125000 

75000 . 

25000 . 

20000 

15000 . 

15000 
10. HYAHURURU 22000 30 AFCO(EASTLEIG J 30000 
11. KERICHO 33000 31 GARISA 4000 . 
12. EALINDI 15000 32 GILGIL 3000 

' 13 .· KIT ALE 25000 33 MAGADI '2000 
14. KIAMBU 110000 34 NY ALI .. 

22000 
15. HAKURU 65000 35 KIZINGO 33000 
16. !( .. AKAr·'::EGA 60000 36 MIJIKENDA 50000 
17. KISUMU 110000 37 KWALE 20000 . 
18 .· ELDOPET 40000 38 KILIFI 10000 

19. KITUI 15000 39 HOLA 10000 
20. El'-~ALI 22000 40 LAMU . . . 2000 . 

. . 

I 



APPE:NDIX III (A) 

DISTA CE IN KILOMETRES BETWEEN EACH BREWERY 'AND EACH 'DEPOT 

'~, BREWERY / ·-
' 

DEPOT ~~"' 0 . RUARAKA(NRB.) MOMBASA KISUMU ' 

1. KISII ...,. r" 4 
)0 849 .. 113 

'2. NYERI 155 640 . 469 
3. ~URANGA 

. 
87 572 436 . 

40. :KAbETE 19 504 '330 
s. EMBU 139 624 488 
6-. ~HIKA 42 . 527 . 391 . 0 

T. NANYUKI 200 . 685 .. '412 . 
8. MERU '290 775 . 502 . 

"9. VOI 334 151 . 683 
10. NYAHURURU 198 683 315 
11.· KERICHO 266 . 751 . . 83 
12. ~1ALINDI 604 119 953 

. 0 

13. XI TALE 381 866 195 
14. KIAfJIBU 13 498 . 336 
15. NAKURU 0 . 156 641 197 . 
16. XAKAMEGA 402 887 53 
17. KISUMU ·349 834 5 ,;....-c _ ....... ..... 

-· . 

18. ELDORET 312 797 158 . 
19. KITUI 195 433 544 
20. Et·1ALI 160 325 509 
,21. .MACH.Il~KOS 65 458 414 

22. NA I VASHA 89 574 260 
23. NARARASHI 13 472 336 
24 .. RWATHIA 14 471 335 
25. 14WAI'v!BA . 15 470 334 
26. ]~ABOKO 

.. 27 458 376 
27. NGONG 26 511 375 
28. LJUKAMU 51 44 4 400 
29. KIPIRASH 148 633 201 
30. ~4FCO 

~ 

o' 

{EASTLEIGH ) 12 473 337 
31 GARISA 380 468 729 
32 . GILGIL 116 601 233 
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APPENDIX III .. (A) (Continued) 

·- BREWERY 1-· .. -----
DEPOT RUARAKA(NRB.) MOMBASA KISUMU 

33. MAGADI . . ... 107 538 456 

34. NY ALI 497 12 846 

35. KIZINGO 
. . 493 . . . . 8 842 

36. MIJI KENDA 492 . . 7 841 

37. K\tiALE 
... . . .. 516 . . 31 865 

38. . KILIFI 5'4'3 . . 58 892 

39. HOLA 536 317 880 

'40. LM'IU 826 ... 341 1175 

\ . 
. . 
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APPENDIX IV (A) 

COST IN K. SHS . OF TRANSPORTING ONE METRIC CASE OF 
BEER FROM EACH BREWERY TO EACH DEPOT (COST MATRIX) 

BREWERY ~- .. ' . .. 'RUARAKA(NRB.) MOMBASA KISUMU 
l. ' KISII . . . ... .. . . 364C . . ·S49C 113C 
2. 'NYERI • 0 • • • . .. T55C 640C 469C 
3. MURANGA .. 87C 572C 436C 
4. KABETE ... 

T9C 504C 330C 
5· EMBU 139C 624C 488C 
6. THIKA 42C 527C 391C 
iJ. NANYUKI 200C 685C 412C 
~- MERU . . .. 290C . 775C 502C 
9. VOI ....... . .. ·33·4c . . 151C 683C I 
~0. NYAHURURU 198C .. 683C 315C 
tll. KERICHO 266C 751C 83C 
l2. MALINDI 6o4c 119C 953C 
13. KIT ALE 381G 866C 195C 
llr. KIAMBU . 13C 498C 336C 
15. NAKURU . 156C 64l'C 197C .... ~··---

16. KAKAMEGA ' . .. 402C . 887C 53C . . 
17. KISUMU . . 349C . 834C 5C 
l8. ELDORET . 3T2C 797C 158C 
]_ 9. KITUI 195C 433C 544c 
20. EMALI 160C 325C 509C / 

' 21. MACHAKOS 65C 458C 414C 
22. NAIVASHA 89C 574C 260C 
23. NARARASHI 13C 472C 336C 
24. R1>JATP.IA 14C 471C 335C -
25. f/1 :! ArllBA 15C 470C 334C 
26. MABOKO .. 

27C 458C 37f,c · 
27. NGO W 26C 511C 375C 
2A. MUKAMU 51C 444C 400C 
29 . KIPIRASP 148c 633C 201C -
30. AFCO(EASTLEIGH ) 12C 473C 337C , 

t 31 . GAR ISA 380C 468C 729C 
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APPEND~..{ .I ~ (A j Continued ·. 

~~ BREvlERY 
_.., ·-------

RUARAKA(NRB.) MOMBASA KISUMU 
32. GILGIL . . ll6C 60lC 233C 
33. i.·'lA GADI 

.. 107C 538C 456C 
34. NV''\LI . . . 497C 12C 846c 
35. KIL ~IGO 493C Be 842C 
'36. l'ITJI KENDA ... . '492C . . ' 7C 841C 
37 .· Kid ALE .. 

516C 31C 865C 
38. .KILIFI 54)C . 58C . 892C 
39. EOLA 536C . '317C 880C 
·w. LAMU 826C ' ' 341C ll75C 
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APPEND=X V (A) 

THE FOLLOWING ARE 'THE DEPOTS/BREWERIES AND THEIR SHORT NAMES 

1. KISII KI 16. KAKAMEGA -KK 31. GARISA - GA 

2. NYERI NY 17. KISUMU(DP)-KS 32. GILGIL GI 

3. MURANGA - MU 18. ELDORET EL 33. MAGADI - - MG 

4. KABETE - KA 19. KITUI -KU 34. NY ALI - NL 

5. EMBU - EM 20. EMA.LI -EA 35· KIZINGO- KZ 
. 6. THTKA .... TH 21. MACHAKOS -MC 36. MIJI KENDA - MI 

7. NANYUKI - NA 22. NAIVASHA -NI 37. KWALE - KW 

8. MERU - ME 23. NARARASHI -NR 38. KILIFI - KL 

9.. VOI - vo 24. RWATHIA -Rv'T 39. HOLA - HO 

10. NYAHURURU - NH 25. MWAMBA -MW 40. LAMU - LA 

11. KERICHO KO 26. MABOKO -MB 41. RUARAKA- RU 

12. MALINDI - MA 27. NGONG -NG 42. MOMBASA - MO 

13. KIT ALE KT 28. MUKAMU ·-MK 43. SLACK - SL 

14. KLAMBU KM "'lQ 
~ ....... ...... . KIPIRASH -KP 44. KISUMU(BR.)- KB 

'. 15. NAXURU NK - .j. AFCO 45. KITALE(BR.) KE 
(EASTLEIGH-AF 

46. NAKURU(BR.)- NU 

-..r ··---- - - --------- - - - ...,...,. --
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APPENDIX VI II (A) 

MATRIX ~ UMMARY OF SOLUTI ON (RECOMMENDED DISTRIBUTION PLAN) 
BREWERY/ 
DISTRIE JTION 1 2 3 TOTAL ·-DEPOT ... ~TTARAKA MOMBASA KISUMU SUPPLIED 
~. - Kis ::ii •. 40000 40000 2. Nyeri 75000 

75000 3. Mu.ra.nga 100000 
100000 4. Kabo te 30000 

30000 5. Em - '40000 
40000 6. Thika' 70000 
70000 7. Nanyuki 15000 15000 B. Meru 90000 
90000 9. Vo i 15000 
15000 10. Nyahururu 22000 .. 22000 11. Kericho 

33000 33000 12. Ma:t..:.ndi 15000 15000 1.3. Kitale 
25000 25000 1 ~( . Kia=J.bu 110000 

110000 1-5. Nakuru 65000 
65000 16. Kak2.mega 60000 60000 17. Kis :llTlU 

110000 110000 18. E1dore t 
40000 40000 19. Ki t i 15000 

15000 20. Ema i 22000 
22000 21. Machakos 30000 
30000 22. Nai a sh a 15000 
15000 23. Narara shi 170000 

170000 24. Rwa h ia 125000 
125000 25. Mwar::iba 75000 

75000 26. Maboko 25000 
25000 2-7. --Ngo g .. .. ~ ... - 2{)000 - 20000 28. Mukamu 15000 
15000 29. AFCO 

(East1eigh) 30000 
30000 30. Kipirash 15000 
15000 31. Gar.:s a 4000 

4000 32. Gi1gil 3000 
3000 33. Magad i 2000 
2000 34. Nya1i 22000 22000 35. Ki zMngo 

33000 33000 36. Mij i Kenda 50000 50000 37. Kwa ...... e 20000 20000 38. Kil ii' i 10000 

~ 
39. Hola-> 2, ~ooo) 9000 0 40. Lamu 2000 )v Exc es s Supply 2000 32000 34000 trOTAL PRODUCED 1 201000 1 61000 340000 1702000 ------- ------ . .... __ ...,. __ . -------------- -- - --- ------ -------
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.A 'P-PEliD IX I (B) 

· ~·ONTHLY BEER SUPPLY (IN METRIX CASES l 

QUA ITY AVtiLABLE FOR DISTRIBUTION 

E~E~ofERY 
. . . .. .. 

.. QUANTITY 'AYAILABLE : . .. . . 

L..! 

l. RUARAKA (NAIROBil 1,201,000 

2. MOMBASA 161,000 
... 

3. A KURU 174,000 

lt. KISUMU 340~000 

s. KiT ALE 124· ·ooo , 
TOTAL SuPPLY g!ggg~ggg ... 

. . . ' . ' . .. . . . . . . ' . . ... . 

. . .. 
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APPENDIX II (B) 

MONTHLY BEER DP~AND: (IN METRIX CASES) 
THE DEPOT'S REQUIREMENT PER MONTH 

DEPOT REQUIREMENT DEPOT 

1.: KISII 48,000 21. MA CHAKOS 

2_. NYERI 83,000 22. NAIVASHA 

5. MURANGA 107;000 23. NARARASHI 

4. KABETE 37,000 24. RWATHIA 
: 

48,000 5. EMBU 25. MWAMBA 

6. THIKA 78,000 26. MABOKO 

T. NAllYUKI 24,000 27. NGONG 
-

8. MERU 96,000 28. MUKAMU 
: 

9. VOI 21,000 29. KIPIRASH 

1·0. NYAHURURU 30,000 30. AFCO(EASTLEIGH) 

11. KERICHO 44,000 31. GARISA 

12. MALINDI 24,000 32. GILGIL 

13. KIT ALE 40,000 33. MAGADI 

14. KIAf•tBU 117,000 34. NY ALI 

15. NAKURU 79,000 35. KIZINGO 

16. KAKAMEGA 65,000 36. MIJI KENDA .. 
17. KISUMU 116,000 37. KWALE 

18. ELDORET 47,000 38. KILIFI 

19. KITUI 27,000 39. HOLA 

20. EMALI 30,000 40. LAMU 
... 

'REQUIREMENT 

36,000 

20,000 

178,000 

130,000 

81,000 

32,000 

28,000 

23,000 

22,000 

36,000 

11,000 

10,000 

8,000 

29,000 

40,000 

58,000 

29,000 

18,000 

19,000 

10,000 
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APPENDIX I II (B) 

DIS'::'ANCE IN KILOMETRES BETWEEN EACH BRE\IJERY AND EACH DEPorr - --

------ BREWERY 
-

DEPOT ..__ RUARAKA MOMBASA KISUMU NAKURU KIT ALE 
1. KISII 364 84 9 - 113 208 ' 31 6 

2. NYERI 155 640 . . 469 276 501 

3. :MURANG A 87 572 .. '436 . - 243 . 468 

4. XABETE 19 504 330 137 362 

5. EMBU 139 624 488 295 520 

6. 'THIKA 42 527 391 198 423 

7. .NANYUKI 200 685 412 219 444 

8. .MERU 290 . 77'5 5'02 3'09 534 

9 .· VOI 334 151' 638 - . 490 . 715 

10. NYAHURURU 198 .. 68'3 315 - 122 - 347 

11. J<ERICHO 266 751 83" 110 23 3 

12. -11IALINDI 604 119 . "953 760 98 5 

13. XI TALE 381 . 866 195 - 225 . 3 

14. XIAMBU 1) 49 8 33IS 143 368 

15. NAKURU 156 641' 197 . 4 222 

16. XAKAJIEGA 402 887 53 240 . 14 2 

17'. XISUMU 349 834 5 ' 198 . 195 

18.- E LDORET '312 797 158 156 69 

19. KITUI 195 433 544 351 57 6 

20. ::EMALI 160 - . 325 50 9 316 541 

,, . ·- - . _... -- ~ - ·- • . .. - -
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APPENDIX III (B ) continued 

BREWERY 
DEPOT RUARAKA MOMBASA "KISUMU NAKURU KIT ALE 

21. r.t.R.CHAKOS 65 . 4'58 . . . 4'14 221 446 

22. NAIVASHA 89 574 . 260 67 292 

23. NliJRARASHI 13 472 336 143 368 

24. RW-~THIA - 14 471 335 . 142 367 

25. MVAMBA 15 470 334 141 366 

26. ~BOKO 27 458 376 . . 183 408 

27. NGONG 26 
... . 511 375 182 407 

28. MU:KAMU 51 .. 444 . . 400 . 207 432 

29. KTP IRASH 14'8 . .. 
633 201 73 298 

30. AFCO 
(EASTLEAIGH) 12 .. .. '473 . 337 . 168 369 

31.· GAEISA 380 . . . . . 4'68 .. .. 729 . . . 536 761 

32. GILGIL 116 601 233 40 265 

33. :r.'rAGADI . 107 538 . . 456 263 488 

34. NYALI .. 497 .. "": ,.._ o I • ~ ~ • 12 846 653 878 I 

. : .. . . 
" 

35.· 'KIZINGO 493 : ~- ""' ·'•' . 8 . . .. '8'42' . 649 874 

36. M_J" I KENDA 492 7 . . 841 648 87 3 

37 .· K'·?_!\LE 516 .. 31 86 5 672 897 

')tl. 'KILIFI 543 . . 58 . . . . 892' 699 924 

39 .· F.CLA - 536 31 7 . ·8so 687 912 

. 40. 'LAP!U 
. . 826 341 1175 982 1207 



6 7 -
APPENDIX Dl (B) 

\ . 

COST ~~ T::::I::: C~S::' IN K. SHS . OF TRANSPORTING ONE METRIC CASE 
· OF "BEE..-: "FiOI·i EACH BREWERY TO EACH DEPOT 

~ DEPOT - (UARAKA MOMBASA KISUMU NAKURU KIT ALE 
1. KISII 364C 849C 113C . 208G . "316C 
2. NYERI ·155C 64oc 469C 276G 501C . 
3. MU:R.1 'TGA 87C 572C · 436C "24"3G . 468C . 
4. KABETE 19C 504C 330C . T37C . . . 362G 
5 .· ·ET:Bu 139C 624C 488c ·295C 5_2.QC 
"6. TBTKA 42C ··527C 391C 198C 423C 
7. . NAlJYUKI 200C 685C 412C 219C Lf44c 
~. ri[E.RU 290C 775C 502C 309C 534C 1-

g. VOI 334C 151C 683C 490C 715C 
10. NYAHURURU 198C 683C 315C 122C 347C 

. 11. "KEPI CEO 266C 751C 83C 110C 233C 
12. MALINDI 6o4c 119C 953C 760C 985C 

. 13. '·KI}'ALE 381C 866c 195C 225C 3C 
14. KI.l\.!-!BU 13C 49 8C 336C 14 3C 368C 
15. NAKURU 156C 641C 197C 4C 222C 
16. KAKAMEGA 402C 887C 53C 240C . 142G 

-17 •. KISUMU 34-9C· - 834C .. 5C 198G 195C . 
. T8 .· EIJJORET 312C - 797C 158C 156C 69C 
. 19 .· KrTUE 195C 433C 5li 4C 351C 576C 

20. Et~LI 160C 325C 509C 316C 541C 
"21. MAJRAKOS 65C 458C 414C 221C 446C 
22. NAIVASHA 89C 574C 260C 67C 292C 
2 3 . N~-=tARASHI 13C 472C 33flC 143C 368C 
24 .· R~l"ATHIA 14C 471C 335C 14.2C 367C 
2 5 . . MH'" ~-·ffiA 15C 470C 334C 141G . 366C 
26. MA.B.OKO 27C 458C 376C 183C 408C 
27. NGO~NG 26C 511C 375C 182C 407C 
28. MLP-..A.~ ~u 51C 444c 400C 207C 432C 
29. KI!>_RASH 148C 633C 201C 73C 298C 
30. AFCO 

(EASTLEIGH) 12C 47 3C 337C 168c "369C 
31. GA "?.ISA 380C 468C 729C 536C 7llC 
32. GILGIL 116C t101C 233C 40C 265C 
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APPENDIX IV (B) Continued 

t~REWERY 
DEPOT ---- !RUARAKA MOMBASA KISUMU tNAKURU KirrALE 
33- MAGADI 107C 538C 456C 263C 488c 
34. NY ALI 497C 12C 846c 653C 878C 
35- KIZINGO 493C Be 842C 649C . 874C 

36. MIJI KENDA 492C 7C 841C . 648c 873G 
37- KHALE 516G 31C 865C 672C 897C 
[38 •· KILIFI 543C 58C 892C 699C 924C 
B9- HOLA 536C 317C 880C 687C 912C 
~0. LAMU 826C 341C 1175C 982C 1207C 

.,... .. .. . ·--

• • "'W'. ... • ... • ~ .... 
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APPENDI VII (B) 

MATRIX SU~1ARY 0F SOLUTION (RECO~~NDED DISTRIBUTION PLAN) 

Brewery/ Total 
Distribution 1 2 3 4 5 (Demand) 

. .Depot · uaraka Mombasa Kisumu . Nakuru Kitale . .Supplied 

I. Kis ii 48000 41)000 
2. Nyeri 83000 83000 
3. Muranga 107000 107000 
4. Kabete 37000 - - --· 37000 

' s. Embu 48000 48000 
6. Thika 78000 78000 
7. Nan mki 24000 24000 
8. Meru 2000 94000 96000 
g. Voi 21000 21000 
10. Nyahururu 25000 5000 30000 
11 . Kericho 44000 44000 
12. Ma1 i ndi 2~000 24000 
13. Kit ale 40000 40000 
14. Kia bu 117000 117000 
15. Nakuru 65000 7000 72000 . 
16. Kaka:mega 65000 65000 
17. Kisumu 116000 116000 
18. Eldoret 47000 47000 
19. Kitu i 25000 25000 
20. Emal.i 30000 30000 
21. Mach.akos 36000 36000 
22. Naivasha 20000 20000 
23. Nararashi 178000 178000 
24. Rwathia 130000 130000 
25. Mwam.ba 81000 81000 
26. Maboko 32000 32000 
27. Ngong 28000 28000 -
28. Mukamu 23000 23000 
29. Kipirash '. 22000 22000 
30. AFCO 

(East leigh" 36000 36000 
31. Garis a 11000 11000 
32. Gi1gi1 10000 10000 
33 . Magadi 8000 . 8000 ' 
34. Nyali 29000 29000 
35- Kizingo 40000 40000 
36. M;iji Kenda 58000 58000 
37- Kwale 18000 11000 29 000 
38. Ki1 i:fi 18000 18000 
39. Ho1a 19000 19000 
40. Lamu 10000 10000 
Excess Supply 30000 30000 
Total 1201000 lblOOO 340000 174000 124000 2000000 
Produc ed ------- --------- ------- ======== ------- ========= ------- -------- ------- -------

--
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