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ABSTRACT 

This study was aimed at analyzing the t':lctor· that affect the quality of power supplied to 

manufacturers in Kenya. Specifically. the , tudy sought to establish which of the various 

factors that define power qualit) \\d~; siunifi ·ant and the impact such factors had on the 

manufacturers business. , urv ) t~.: ;It ·h m ·thod was used in this study. The population 

comprised of the 512 m ·ml r ) 'th ~nya association of Manufacturers, from whom a 

convcnknt sam1 1 · ol' :;o n ·ml r was taken. 

Thl: linding~ t11' thi · ·tud \\ere that voltage surges and voltage dips were very frequent. 

Voltage lcvd wu · r und t be mostly outside the acceptable range. Most manufacturers 

reported damage t equipment and revenue loss due tc these factors. On the other hand, 

though power rationing was considered to have very severe impact on business, its 

occurrence was rare and hence this factor had little effect on business. Frequency 

variation and harmonics were not frequent, with many manufacturers stating that they 

did not monitor these two factors. 

The study also found that for 54% of respondents, electricity costs accounted for 

between 10 - 30% of production costs. This implies that the cost of electricity was 

significant in determining the final product cost. The results show that KPLC was slow 

in responding to breakdowns. 

In summary, the quality of electricity supplied to manufacturers was found to be poor, 

specifically in the areas of voltage variation, voltage dips, voltage surges and response to 

breakdowns. 

The study recommended that KPLC carry out further investigations to establish the 

cause of the numerous voltage dips. voltage surges and oltage ariation and take 

corrective action. The study also recommends that manufacturers install power quality 

analyzers in their iirms to monitor the various power qualit_ parameters o a to make 

informed dt: i ions that will hdp to impro\'e production efficiency. This can bed nc t 

firm 1 ' 1 wher · p iblc or by initiating the necc ary communication '' ith KP for 

u lit..: improv m nl. here i al o n cd for KPL 
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ABBREVIATIONS AND MEA. I G OF TERM 

(i) Power Quality: 10 d 1 \\~.:r 1ualit is characterized by supply of electricity 

which i r 'li·tbl . h \\in \~.:r · r v interruptions, very few incidences of voltage 

dip · and su1 ' · Ill ' r .. littl' harmonic distortion within the declared limits. 

(ii) Powl'r int nupti n: nplanned power outage due to sudden disconnection of 

1 ow~.:r 'Upplie \\ ithout prior warning, usually as a result of faults in the power 

upply system. 

(iii) Voltage Surge: A sudden voltage rise above normal. If severe, it can cause plant 

stoppage or damage to equipment. 

(iv) System frequency: This is a measure of the speed of the generators connected to 

the power system. In Kenya, the nominal frequency is 50Hz (hertz). Various 

manufacturing equipment require the frequency to be stable over defined limits, 

for proper operation. The Electric Power Act 1997 permits variation of 2% 

below and above the nominal 50HZ. 

(v) Voltage dip: A sudden voltage drop followed by recovery. The duration is from 

a fe\\' milliseconds to about a second. If severe, it has the effect f disrupting 

production, as motor drives and other control de\ ices are unable to function if 

tht! dip magnitude and duration e. cced the limits for tht.:se de ic~.: . 

vi) PO\\Cr Rationing: uppl ·ing electricit. in quota· to cu ·tomcrs. due t 

in d qu t gcn~.:ration or transfonnation. It can have ~.:vcr c onomtc 

m tim s h lc to closur or rclo at ion of bu inc . 

11 nt 1 i f oth r r in th 1 

h r th n un m nt I liz. I nn m 

. 
Ill 



non-linear customer loads like UPS, arc-welding, inverters, switched power 

supplies among others. 

(viii) Trip: Automatic isol::lti n t' I' l W'r plant (e.g. generator) from the rest of the 

power system wh 'n 'l t:\lllt i~ i ·t~ ted within the power plant. 

(ix) KPI ': 'I h · K 'n) t I " r · lighting o. Ltd. 

(x) Kl'n 1 ·n: K ·nyu l lc tricit enerating Company. 

(.'i) IPP: lnd nd nt Po ver Producers. 

(xii) ERB: lectricity Regulatory Board: Thi~ is a government body mandated to set 

rule and regulations that govern the generation and distribution of electricity 

in Kenya. The rules govern all participants in the electricity sub sector. 

(xiii) The Distributor: refers to Kenya Power & lighting Co. Ltd, the sole licensed 

electricity distributor in Kenya. 

(xiv) COMESA Common Market for Eastern and Southern Africa. 

(xv) SADC: South African Development Community. This is a trading bloc with 

membership from Southern Africa states. 

(xvi) MW: Megawatts. This is a measure of instantaneous energy. 

(xvii) K whs: Kilowatt hours; This the unit of measure of electrical energy 

(xviii) GWhs: Gigawatt hours (equal to 1,000,000 kilowatt hours). 

(xix) UETCL: Uganda Electricity Transmission Company Ltd. 

(xx) EDCL: Uganda Electricity Distribution Company Ltd. 

(xxi) LCDP: Least cost Power Development Plan. A power de elopmcnt plan for 

Kenya initiated by KPLC. 



1.0 CHAPTER ONE: INTRODUCTION 

1.1 Background. 

Kenyan manufacturers are in r~.1sinnl) fa ·ing stiff competition from foreign products 

both in the domestic an I in th . 1 ()rt marh.~t. In the domestic market, numerous foreign 

products that includ · :u · tr lr m Brazil , rice from Pakistan, textiles from China and 

electrical pw lm:ts rt'\1111 K rca arc to be found in local supermarkets and many other 

outlets. In addtli n. Kcn:an exports must compete for customers with products 

manufactured in many different countries including host countries. In October 2005, 

Kenya A·· ciation of . Ianufacturers (KAM) noted that 14 factories had been closed 

d0\\11 during the previous one year, and 7,000 workers retrenched as a result of 

competition from China (www.ipsnews.net) . In Sudan, Kenyan cement that was retailing 

at Kshs5000 per tonne was reported to have been edged out by competition from Egypt 

and Indonesia. whose cement retailed at Kshs4,000 per tonne (www.eastandard.net, 

March 5, 2006). 

Though many factors determine customers' preference to certain products over others, 

price is a major determining factor, especially for mass produced consumer goods. The 

competition is even stiffer from COMESA countries, where internal tariffs are zero or 

near zero for member countries (www.comesa.com). The East African Customs Union, 

made up of Kenya, Uganda and Tanzania, came into effect in January 2005 and provides 

for free movement of goods and services as well as labour within the Region. It also 

stipulates Common External Tariffs (CET) for member countries (www.eac.ini. July 

2006). This will no doubt increase competition among manufacturers in member 

countries as goods freely move from country to country with more or Jess equal 

opponunit: in the market. Kenya also faces compctttion from countries with superior 

t hnolo i s and tho c with ad\'antagc of economies of scale supported by thdr large 

p put tion . like hina nd Indi . 

It i th r ry r Kenya to any out ritical n ly~ i 

t nnin m f h r pr n in the 

ri u m nu turin • n d t und h t r 



impacts on the final product cost. It would then be possible to develop national strategies 

that improve or modify the identified factor in order to lower the overall production cost 

of goods. 

Several theories have been ad\' n ' 'd to 'Xplain and enhance understanding of 

International trade, am on' th' bdnn th M~r 'anti list theory, the theory of absolute cost 

advantage, theory of t m .w\th (t·t advantage, factor proportions theory, neo-factor 

proportions th~.:or ', l'OU!llQ imilarit theory and national competitive advantage theory. 

In their t.: mtrihuti m 111 thi · ubject, two Swedish economists Eli Heckscher and Berti! 

hlin lkv '1 1p d the fact r proportions theory also known factor endowment theory in 

1919. Thi the ry explains that different countries are endowed with varying proportions 

of diller nt factor of production (Sharan, 2003). A country with an abundant supply of 

one re ource \\ill produce at relatively lower cost, those goods that require this resource 

in significant quantities. For example labour intensive goods will be produced at a lower 

cost by that country that has abundant supply of labour. If a product requires a large 

amount of electricity in its production, then countries with abundant and cheap electricity 

will have a competitive advantage as they will be able produce that product at a relatively 

lower cost. 

This study looked at electricity as one of the factors of production in Kenya. The study 

sought to establish the quality of electricity supplied to manufacturers in Kenya and how 

such quality affected the production costs and hence the final product cost. Poor power 

quality may not have identical effect on all manufacturers as production processes, 

quantity of power and pattern of consumption differ from one manufacturer to another, 

but it can however cause a general rise in production co ts and hence mak Kenyan 

goods less competitive in the global market. Whereas the unit price of electricit is ery 

important to a manufacturer as it affects the final price of manufactured pr ducts. the 

qu lit) f uch electricity i equally important for manufactur d go ds to be omp 'titlve, 

p t th t ontributc to po r quality al o ontributcs to additional o t for th~.: 

u t. Pro r mm d pO\\ r int mtptions or rationing, h m int rruption iue t 

1p II in H tor o p r ha\'l: 

· n ltn in K ny r UJ pli t n t h 



varying negative effect on different production lines. and the quality of the final product 

will vary similarly. 

Transmission and distribution of lc tricity v r long distances is not without challenges. 

Power-lines are prone to weath r rdntt.:d di turbances like lightening storms. Heavy rains 

and strong winds can brin' d "n p w r lin~s. The resultant interruptions and voltage 

surges contribute to p) r llt.tlit\ of kctricity received by the end customer. Rapid 

growth in som<.: <;iti •s r · ult in v Ttrcssing and overloading of power-line equipment, 

which cun n:sult II\ I 1w ' ltage or equipment failure and hence a power outage. 

ood pom.·r quality i defined by several factors. Among these is that power supply is 

continu u, with ut unplanned interruptions, voltage is stable and within defined limits 

and that there are no sudden voltage surges or dips in the supply. Absence of harmonics 

is also another indicator of good power quality. Planned interruptions should be very few, 

say up to 3 in one year period. Frequency variation should not exceed 2.5% below and 

above the nominal 50herz, as specified in the Electric Power Act 1997. Power rationing 

is an indicator of poor quality as the supply is inadequate to meet customer's demand. 

A power quality problem exists if the power supply deviates significantly from the ideal. 

For example low or high voltage, exceeding the declared limit of 6% (Electric Power Act 

1997) can cause a manufacturing plant to shut down as motor drives stall and controls 

become erratic. Similarly, a voltage surge can cause damage to electronic control 

equipment resulting in plant shut down (Alstom 2002). The repair time of such 

equipment mcreases the plant downtime adding to the overall cost of production. A 

voltage dip can cause control devices to drop out while electronic devices will 

malfunction and result in plant shutdown. The presence of harmonics in the power supply 

·ystem causes O\'erheating of transformers erratic behaviour of electronic de ice as 

\\Cll s inter cring with electrical measuring dcvtces. According to rep rt in th media 

and el c\\ her . the mo t common power quality problem appear to c unplanned pow~::r 

int rrupti n . Power interruption cau e \\Ork toppagc t th · m nu cturin, pi nt. 

d. 

nl h lp t 

nt rc ult 

h to 

h 

m1 pro d m t rial \\ hich h'l\' to h 

n \h n up 1. i Ill 



plants have very high lead times as the intricate processes are started step by step and this 

can take several hours before full production is achieved. Overall, power interruption has 

the effect of reducing the production per month r ulting in higher production cost per 

unit. As a firm will not change it: scllin!.), price month by month, it means that 

profitability is greatly r d ·d. lnt rru1 tions and voltage surges impact on the quality of 

the final product,. ':tin 1 ·du ·in 1 th '()Jll\)~titiv~ness of such a product. 

Munul'acturin' lirms \r' n l nly concerned with the price of electricity but also its 

quality. Ul:t:lricity in K 11) a i perceived by many industrialists to be unreliable with 

tnnny incidl:nC~. r interruption and voltage fluctuations. Customers have also 

compluin~d r Yoltuge dips and voltage surges that cause damage to customer equipment, 

poiluge J.nd expensi\e downtime. 

1.2 State of Electricity in Kenya. 

Electricity in Kenya consists of 70% hydro-generation, mainly from the Seven Forks 

dams of Masinga, Kamburu, Gttaru.Kindaruma and Kiambere, as well as the Turkwell 

Gorge power Station. The remainder is thermal generation using steam turbines and 

diesel plants at Kipevu and Nairobi, while geothermal is concentrated in Olkaria. A small 

proportion is imported from Uganda. The relatively high proportion of hydropower 

means that the availability is highly vulnerable to climatic conditions. In contrast, 89% of 

electricity in outh Africa is produced from coal (mbendi.co.za), hence the availability is 

very high. as unlike water, coal availability does not change with climatic changes. In 

Kenya. dry periods mean lm: water levels in the dams. which means reduced hydropower 

capacity that often results in power rationing. The \\"Orst rationing ca of\ as n: ordcd in 

the ) ar _QQO a cr prolonged drought. During this period. hydro generation dropped 

from '"'27 '\\ hs in 199 199 to 1.325G\\: h in _QQ0/0 1. corn.:spondin, to a 60% drop in 

nnu I r p n : 1 nd 2 00 . 100 t ~ m rg nc: die cl 1 m:ration 

itu tion l ut till thi \\a n qu t 

b indu try ' th me 

hi I Ill ith I j b . 



Kenya Power & Lighting Co Ltd (KPLC) is the sole distributor of electricity in Kenya, 

handling transmission and distribution of electricity. The Electricity Regulation Board, 

ERB was established by the Electric P wcr A ' t 1997, and is the electricity regulator on 

behalf of the government. KPI ur'ha ~.:. bulk power from the producers, namely, 

Kcngcn, lbcrafrica. Tsavo P \\~.:r ;md rpow~.:r. Kengcn is 70% owned by the 

government of Kt:n ' 1 with lu tullic ownership, while Iberafrica, Tsavo Power and 

Orpow r ar · indcp ·n I tll \\ •r producers (IPPs). Kengen produces over 70% of all 

energy gl·n~:r'lt ·d in K 11) u. \\ hile the other private companies together contribute 30%. 

About ~'0 1\\' f the \er 9001 lW demand is imported from Uganda. Electricity is 

transmitlto:d from the generating stations at 220kilovolt (KV) and 132 kilovolt levels. 

Di tribution i ·done with 66KV. 33KV, llKV and 415volts lines. Transmission lines are 

.., 358 km in total length. while the distribution lines of various voltages are 21898 km in 

total ( KPLC Annual Report, 2004). 

Industrial and commercial customers consume about 60% of the electricity produced in 

the country. while domestic customers take up the rest. Panpaper, Bamburi Cement, East 

, frican Portland Cement and Mabati Rolling Mills, are among the large consumers of 

electrical energy 

The average armual growth rate in electricity demand has been about 6% from 200 l to 

2005 (KPLC Annual Report 2004). The growth rate has been higher in urban areas 

because of higher residential growth. High demand growth results in overstressing of 

existing electrical equipment and this often results in equipment failure due to 

overloading leading to power interruptions. 

Over the years. manufacturing firms have expressed concern over the high cost and lo\ 

reliability of electricity in Kenya. They have called on the g crnment to do s mething 

about av ilability and frequent breakdowns as this has re ulted in in rca ·cd co ·t or 

doin bu in s. KPL cu tomers reported breakdown incid nc s in the range of 0\cr 

10.0 p r month in _004 KPL Annual n:pon _004 . 

th r th n mpl int o high t rif, elc tri ity reliability and vcrall qu lity h 

mmunity. ~ith m n: bu in 

u nd II ' hi h r 

finn . I r th 



unreliable and expensive (NEWS A D TRE 0 AFRICA-www.gasandoil.com). Among 

the reasons cited for high electricity co ts are; ineffective power purchase agreements that 

lead to high tariffs, inefficient utility manan,~.;ment, inadequate maintenance of the 

distribution system and a wa tdul pr un.:m 'nt y tern. 

1.3 Statement of the pro hi •na. 

Over the past · V\.:ral ) ar . manufacturing firms and the service industry have expressed 

concern· O\ er th quality of electricity supply in Kenya. They have complained of 

frequent intl:!rrupti n . power rationing, voltage dips and surges. The number of power 

interruptions reported in Kenya was 10,000 per month as of February 2004 (The East 

African: February 23rd 2004). Losses due to these interruptions ranged from damaged 

television sets and refrigerators for domestic customers, while manufacturing firms like 

cement, steel and paper industries lose millions of shillings arising from loss of 

production, idle labour, damaged raw materials and semi-finished products due to 

stoppage. In its editorial, the Coast Express accused Kengen and KPLC of being 

arrogant because of the frequent and unexplained power outages throughout the country. 

It went on to state that electronic equipment worth millions of shillings had been lost due 

to power surges (www.nationaudio.com/News/CoastExpress). Some firms have been 

forced to install expensive equipment including generators to remedy these problems. It 

has also been reported that power surges and dips have resulted in damage to electronic 

equipment. causing longer outage in the manufacturing plants. KPLC was losing over 

Kshs 1 billion annually due to illegal connections (East African tandard: 1ay 201
h 

200 -). Ill gal connections cause instability, overloading and short circuits, which 

cvcntually lead to blackouts. In igcria. o er 350 industrial firm were ~ reed to clo c 

dO\\ du to pcrsi tent power blackout \\ \W.ods) n.com/ne\ ). 'I he argument from 

th pr n un cmcnt i that the quality o electricity in Kenya i p or and thi re ult in 

hi h c t o m nuf: turing c, u ing K n~ an pr uct to b rd tivdy more ;p n tvc 

un mp titiv within th re 1 n nd I o 

o m nu tur urth r th 

m th int \ u in m n n 



manufacturers, the many interruptions. power surges. voltage dips. frequency variation, 

po\ver rationing and harmonics are indi ativc of the poor quality of electricity in Kenya. 

This study therefore aims to tind out \\ hich fa 'tors affect the quality of power. It will 

also be of interest to find out th~..: rdati\' siuniiic:mce of these factors and how such 

factors affect the product! n . st. r m,\!1lii~1Cturing lirms in Kenya. 

l...t Research Ohjcctin.;. 

The major ot~cctive r thi study was to establish the significant factors that affect 

electrical I wer quality in Kenya and how such factors affected production costs for 

manufacturing firms. 

The specific objective was to find out to what extent the following factors affected the 

power quality in Kenya: 

(i) Availability: To find out to what extent power is available when required and in 

the quantities required and the impact of power rationing to business when such 

rationing occurs. 

(ii) Power interruptions: To find out the frequency of unscheduled power 

interruptions as mainly caused by power equipment breakdowns and the impact 

to business of such interruptions. Such interruptions normally last from a few 

minutes to several hours. 

(iii) Low Voltage: To find out the frequency of low voltage incidences and the 

impact to business of such incidences. 

tv High Voltage: To find out the frequ ncy of high oltag~; incidcnc~..:s and thl! 

impact to bu inl! s of uch incidl!ncc . 

oh 

bu in 

ur : To lind out the fr qu ncy t volt ' nd thl! imJ tt) 



1.5 

(vi) Voltage Dips: To tind out the frequency of voltage dips and the impact to 

business of such dips. 

(vii) Frequency: To find out h " l !ten' ~..: hav~ incidences of high or low frequency 

above and bdow -· -~o r -t li t. and th~ impact to business of such incidences. 

(viii) llnrmonics: 'I o lind t ut lH w ol't~..:n we have harmonics above 10% of the normal 

current ·md h · im1.a t t bu ·incss of such incidences. 

(i) 

Importance of the tudy. 

This study will be useful to the following: 

The Government in developing economic plans and strategies for the country. It 

will assist the government in developing and implementing power generation 

plans to ensure adequate and reliable electricity at all times to match projected 

growth. 

(ii) Electricity generating compames. Generating compames can use the study to 

evaluate and optimize their operations towards improved availability and 

reliability of electricity. 

(iii) Electricity Distribution Company. The Distributor can use this study as an input to 

help optimize company operations and procedures so as to enhance efficiency, 

improve maintenance and reduce wastage of resources so as to supply continuous 

electricity of the expected quality. It can also be used as an input for further 

investigation into power quality issues. 

iv) Business tirms. This study will hdp the business tirms to bett r under tand the 

upplier and what goes into production and distribution of eh;ctri en~rgy. '1 hey 

will b m b ttcr po ition to unda ·tand th~ actor· that unp·1ct on th~.: p \ cr 

qu lity nd p ibl~.: impacts on bu in~.: . and h~.:n c an make infomkd d~.:cision . 

v R arch In tituti n nd ademi . hi can t u ul inJ ut r furth r tu ii 

n th m r r I t d l pic. 



(vi) General public. Increase in a\Yarenes about the conditions prevailing m the 

electricity sub-sector and th is ues r lating to power quality. 

The study will assist stak. holder t dcvdop strategies that will improve electricity 

availability and ensure that th 'U!Ilkd ·I' ·tricity meets the minimum requirements of 

acceptable quality l h · lu in· : ommunity will be able to participate in defining the 

paramctcrs that ddin · 1 ··'ill I quality. If quality is enhanced, then the hidden business 

cost· of pom.:r nti 1ninc.. unplanned outages, vo ltage surges and dips will be minimized. 

1.6 Scope and Limitation of the tudy. 

The scope of this study covered manufacturing companies. Not all business firms were 

tudied. 

Limitations: This study was limited to quality aspects of electrical power supplied to 

industry. 

2.0 CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction 

Manufacturers in Kenya are today faced with increased competition from across the 

world, and have to continuously revise their strategies in order to stay in business. ven 

firms that are not in the export business have to face competition locally from imported 

products. They have to continuously research and evaluate the factors that determine 

cu tamers· pr fercnccs for th~.: various products. The overall cost of production is a 

m ~ r det rminant of the final clling pric . specially for mass produ cd g d . 1 Icncc 

the various input into a production proce mu t be nal)7cd to c ·tabli h ho\ each input 

an ptimiz to a hic\·c m :imum ry i K ny n g i arc 

t rem m mp tith•c in al m rk t. 



2.2 Theories of International trade 

Several theories have been advanced to explain and enhance the understanding of 

International trade. Among the e th 'Ories i' the Mercantilist theory, the theory of 

absolute cost advantage, thcof) of ' mpar::ttive cost advantage, factor proportions theory, 

nco-factor proportion th ln). • untr similarity theory and national competitive 

advantage theory. 

2.21 Mercantilist theory 

i\ lercantihn came mt e. istence in the period from 1500 to 1750. It refers to a collection 

of 'imilar attitude, tO\\ard domestic economic activities but cannot be classified as a 

formal ch ol of thought (Appleyard and Field, 1998). According to Wikipedia 

encyclopedia. mercantilist ideas were the dominant economic ideology in all Europe in 

these times. with England and France playing a dominant role. Mercantilist held the view 

that national wealth was reflected in a country's holding of precious metals. It was also 

believed that one country's economic gain was at the expense of another. Acquisition of 

precious metals was seen as the means of increasing wealth and became the main focus 

of emerging states. Mercantilist also held that a strong army, strong navy and productive 

economy was critical were critical to increasing the power of a nation. Manufacturing, 

rural sector and colonies were seen as the three sectors that controlled the economic 

system. Labour was identified as being the most critical factor of production. Mercantilist 

held that it \\'as important for a country to strive to have more exports than imports so as 

to maintain a positive balance of trade. The use and exchange of precious metals was 

controlled by indi\ idual go emments. Countries made every effort to prohibit the export 

of gold. silver and other precious metals (Appleyard and field. 1998). The mercantilist 

theories \\Crc challenged by Adam mtth. who saw a 1 ation's w~.:alth as being retlcct~.:d 

in its pr ductivc capacity and not in the holding of precious metals . 



2.22 The theory of absolute cost advantaoe 
t=l ' 

The theory of absolute cost advantage was ad\'ance by Adam Smith in 1776. He was of 

the opinion that productive efficiency among ditTcrcnt countries differed because of 

diversity in the natural and acquir~d r~s :mrc '' possessed by those countries (Sharan v 
' ' 

2003). The diffcrcnc' in n·ttut-.ll l h mta•'~.: is manifested in varying climate, quality of 

land, availability or min •t.tls. ".u r ,md other natural resources. The theory concludes 

that u given t:ouutry sh lllld 'i 1li'l~.: in producing those goods that it can produce with 

greater crtit:kncy. h n '~.:: at l \\Cr cost, and exchange those goods with goods of their 

requirement· fwm ..1 c untry that produces them at a lower cost. This then leads to greater 

utilization of re urce in both countries. This theory explains how trade helps increase 

the total output of two countries. Hence, according to Smith, countries should specialize 

in and export those goods in which they had absolute advantage (Appleyard and Field, 

1998). In most of English speaking countries, Adam Smiths refutation of mercantilism 

was widely accepted but rejected in the United States by leading figures including 

Abraham Lincoln (en. Wikipewdia.org/wiki/mercantilism). 

2.23 Theory of comparative cost advantage 

David Ricardo advanced the theory of comparative cost advantage as an improvement of 

the theory of absolute cost advantage (Sharan, V, 2003), quoting from Haberler, (1950). 

Ricardo focuses on relative efficiency of the countries for producing goods. In a two

country, two- commodity model he explains that a country should only produce those 

goods that it is able to produce more efficiently. haran, V, (2003) notes that the theory 

suffers from several limitations. First it only considers one factor of production; labour, 

ignoring other factors as encountered in real world. The theory assumes full employment 

which i never the case. The theory also assumes that res urc s are mobile dome t1 lly 

and immobile internationally. ·r his i not c rre t as labour and capital move slowly a ro 

nation . IIO\\ ~: cr, the theory hold , in ' O far a it ugge ts ho' a country c uld achi~.:v~.: 

th c 
11 

umpti n 1 vd be. ond "hat it could hie' in th · en co r de. 
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2.24 Factor proportions theory 

In their contribution toward the und r tanding of International trade, the two Swedish 

economists Eli Heckschcr and B ~rtil hlin dc\'dopcd the factor proportions theory also 

known factor endowment th ry in I l ( haran, Y, 2003). In a two-country, two

factor, two-commodity tnl I I. thi. th or ~.:. plains that different countries are endowed 

with varying prop H ti n · lt' di f r ·nt factors of production. For example a country like 

'hina has u lnrg · 1 11 ulni n \ •ith large labour resouce, while Japan has abudance of 

capital and short r Ia ur b comparison. A country with an abundant supply of one 

factor \\ill 1= r duce at relatively lower cost, those goods that require this resource in 

significant quantities. For example labour intensive goods will be produced at a lower 

cost by that country that has abundant supply of labour. If a product require a large 

amounts of electricity in its production, then a country with abundant cheap electricity 

have a competitive advantage as it will be able produce those goods at a relatively lower 

cost. The Factors proportions theory was refined by Samuel, (1948, 1949). He considered 

the effect of trade upon national and the prices of factors of production (Sharan, V, 2003). 

He was of the view that the effect of free trade among nations would be to increase the 

overall welfare by equating not only the prices of goods exchanged but also the prices of 

factors of production. For example, in a case of two countries, A and B, country A with 

abundant labour and country B with abudant capital. Labour will be relatively cheap in 

the first country while capital will be cheaper in the former. But after trade, more capital 

intensive goods are produced in country B and more labour intensive goods will be 

produced in country A. As a result, price of capital will increase in country B \ hile wage 

level will increase in country A. 

The factor proportions theory \ as put to test b. Leontief in 1954 and came to a 

paradoxical conclu ion. He found out that A. \\hich wa the most capital abundant 

country at that time ~.::ported labour inkn iv~.: go d and import d capital intcn iv~.: 

hi r ult wa~ thcr~.:a tcr kno\\n it ntrali t d th 

th l nti f par h h 

n Lin m luti n nti 



paradox. Linda hypothesis holds that nations with similar demands \Vould develop similar 

industries. These countries would then trade with each other with similar but 

differentiated goods (en.wikipewdia.org. \\'iki inda_hypothesis). The hypothesis presents 

a demand based theory of trndt: in ' ntrast to the u ual supply based theories involving 

factor endowments. 

2.25 Nco-factor proportion' lh~ot. 

omc cconomi ·ts mpha iz tht: point that it is not only the abundance or scarcity of a 

particular factor but ul the quality of that factor of production that influences the pattern 

or internati nal trade ( haran. , 2003). Quality is held to be so important that the trade 

theory is analyzed in a three-factor framework. The first two factors being labour and 

capital. the third factor is in the form of human skill, skill intensity, economies of scale 

and research and development. Sharan, V, ( 2003) quotes Kraus (1956), who suggests 

that better education and training should be treated as a factor just like physical labour. It 

is hence argued that a country with improved human capital will maintain an edge over 

other countries in regard to the export of commodities that require improved human 

capital. A similar argument can be advanced for skills intensity as skill intensity is part of 

human capital. Sharan, (2003) quotes Keesings (1965, 1971 ), whose study revealed that 

labour is a non-homogeneous factor and it is the differing quality of labour in terms of 

skills that determines the pattern of international trade. 

The hypothesis of economies of scale explains that with rising output, unit cost decreases 

and the producer achie es internal economies of scale. Thus a country with large 

production output will have a lower per unit cost and thus '-' ill have an edge over other 

countries. Research and Development (R&D) enhances a manufacturer competitiveness. 

haran. 2003) refers to Krugman and bstfeld (1994) and c. plains how different 

countric arc ranked on the basis of t chnological advancement and h w good arc 

ranked by technological intcn~ity. The higher r nkcd countrie will ah · ys maintain an 

b olut dvnnt ge over the lm' ranked countric • fi r g od o hi ,h tc hnol< ical 

int n it. on m d. 



2.26 Country similarity theory 

Most manufacturers will tend to manufacture goods designed for the domestic market. 

After meeting the demands of th domestic market, a manufacturer expands in order to 

achieve economies of scale and it t thi' .'taoe that the manufacturer looks at the export 

market ( haran, V, 200..,). I )St !'thd' ods arc exported to similar countries with the 

same level or incom ..; l :u ·h goods may not be accepted in countries with 

different levels of in· )Ill . II n · international trade in manufactured goods is influenced 

by ·imilarity or d nnnd. l· r c. ample clothes manufactured in United Kingdom may not 

find a ready mark. t in cn;a and many other African countries because the standard of 

living in .K i much higher that that in Kenya. But U.K manufactured goods are likely 

to find a ready market in the U.S.A where income levels are similar and consumption 

patterns may not be very different. Sharan, V, (2003) quotes Linda expressing that the 

more similar the demand structure of two countries, the more intensive potentially is 

trade between the two countries. Linda hypothesis had observed that nations with similar 

demad patterns would develop similar industries. The nations would then trade with each 

other with the same but differentiated goods (en.wikipewdia.org/wiki/Linda_hypothesis). 

2.27 National competitive advantage theory. 

The national competitive advantage theory is was explained by Porter (1990). The theory 

explains why a particular country is more competitive in a particular industry. Factor 

conditions, Demand conditions, related and supporting industries, and firm strategy, 

structure and rivaly are the four factors identified as being associated for this competitive 

advantage ( haran, V, 2003). In factor conditions, the quality of the factor is identified 

as being very important. Thus abundant labour may be an advantage but skilled labour is 

an added advantage. Porter has identified that it is not onl_ the size of the mark t that is 

important. but the intensity and 'Ophi tication of the demand is ignificant. Port r Is 

reco nizcs that tilT competition hdps firm to trivc to I r ducc bctll:r quality ' od at 

lo\ r co t in ordl:r to tay in bu inc . Indu try tru turc and rivall)' mon' it en:nt 

comp m imp rt nt ' 'th tr n riv lry r it d ' ith tr n th nin ' th 

th in u try. 



2.3 Role of Electricity in Industry. 

Electricity is an important input to the economic growth of any country, with many 

industries relying on it to power th vnri u procc scs. There are thousands of jobs that 

are directly or indirectly related t gcn 'ration, transmission and distribution as 

well as the many indu tric · and mm~.:r ·ial enterprises that constitute the electricity 

consumers. 1ovcrnmcnts r · " hu•1 ' r 'Venues in form of taxes from the electrical 

industry. The t..'kl:tn ·tt\ 1 ·r apita consumption of a country is a very important 

parameter to a 1 1l nttal im e t r. a· it is indicative of relative purchasing power and 

hence the murk. t p tcntial Ken a ·s electricity per capita consumption is about 200Kwh 

compared with Zibambwe760Kwh, Zambia 550Kwh or Botswana l,OOOKwh 

(Price WaterhouseCoopers: 

www.pwc.conuprodev). 

Sub-Saharan Africa's Energy conundrum; 

Electricity is generated by converting water potential energy in dams (hydro), steam from 

the ground. diesel. solar. nuclear as well as wind energy. Mostly, generators are several 

hundred kilometers from load centres, hence requiring lengthy transmission lines to the 

step down transformers that feed the distribution network. From generation through 

transmission to distribution to end customers, electricity is affected by many factors as 

the transmission lines are exposed to the vagaries of weather. In Europe and America, 

transmission towers have been known to collapse under heavy loads of ice during winter, 

interrupting power supply to large areas. The problem of ice loading has not been 

experienced in Kenya but storms and lightening strikes ha e severally put power lines out 

of service. 

Power rationing is one of the major indicators of poor quality electricit;. Power rationing 

is a result of inadequate generation capacity to meet customer d mands. Rationing can 

also occur due to breakdown of one of the main tran mis ·ion equipment but this is rare as 

the e equipments are normally dupli at d. ·uch that th r would be an alternative ourcc 

of p , t.:r ~.;vcn if one pO\\Cr plant fail d. ·y he rc ons or inadequate gcnt.:ration can be 

1 w , t r 1 , cis in the dams due to drou ht. generation pi nt br akdo' n or cu tomc.:r 

n I tri it.' 

ill ro r · nu b. Kl L 

p ' r 1 ti nin' in 

th fu I 

in p t 



years (KPLC Annual Report 2004). The extra cost of fuel vYas passed on to the 

customers. Apart from these direct costs, manufacturing industry and service industry 

suffered heavy losses as they were operating at reduced capacities. This in turn reduced 

the amount of goods available for ak and hence the cost per unit was higher as the fixed 

costs remained constant "ith ll" ~ rodu ·tion . Businesses incurred extra costs in runnincr 
t:> 

standby generators. I· iv · star II t 1: \\ere reported to be spending up to USD 2,657 on 

diesel daily (Sylvia l yall : F ·onomy the Top casualty of Power Deficit; Daily Nation, 

eptcmber 14 1999). Tetra Pak '\: as quoted as having invested Kshs2.2Million to protect 

their machine· again · t p wer surges and dips. Power rationing is not unique to Kenya. In 

2001, ri Lanka experienced severe rationing, that led to some companies closing down 

and others relocating to United Arab Emirates. Analyst argued that these power cuts 

would further discourage foreign investments. (World Socialist Web-site

www.wsws.org). Other countries that have experienced rationing include California 

(USA) in 2000 and Brazil in 2001(BBC News-www.bbcnews.com). In the case of 

California, electricity costs went up by 40% during the rationing period. The overall cost 

to business must have been far much higher as there must have been several production 

stoppages during the rationing period. 

2·4 Factors that affect Power Quality 

2·41 Over loading of Power Lines and other Equipment 

Overloaded distribution lines have high losses and are the cause of many quality related 

problems to electricity customers. First the customer must pay for those losses and this 

increases the overall cost of electricity. A high loss distribution line will almost always 

cause undesirable low voltage at the far end from the line, and frequently such supply is 

of unbalanced voltages. High losses are mainly caused by overloading, " hich means 

allo'vving electric currents that are far above the dcsign values for the c lines. Thi often 

happens in high growth areas like Ongata Rongai. Kayolc. Dandora and latharc c ·tate 

m airobi . Overloaded line· arc prone to breakdo\\ n uch a hort cir uit or op n 

circuits conductor joint melt md n p du to v rh ating. \\ hil 

.Sbillion hi !lings \\ orld B nk 1 an to KPL • th th n b1 rgy mini t r hill 

not that p \\ r uta ' 
th t 



were vulnerable to heavy do\Ynpours and strong \Yinds ( Stephen Mburu: Donors back 

Shs.4.5billion Power Plan: Daily 1 ation: 10111 Junl: 2003). 

2.42 Electricity theft 

Electricity theft is another c ntril ut r l)r p< or quality electricity, mostly due the manner 

in which the theft is earn· llHll. ' \ h ·It is mainly done through illegal connections that are 

not professionally d )1\ '. I ,\lin to frl!qucnt short circuits that disrupt supplies to other 

customers. )th •t.; ·t ul ·I tricit: b. bypassing the meter so that the meter does not 

record. Los ·c lhnugh theft can be very high. In 1998, New Delhi in India is reported to 

lo ·e O\'Cl' 4 7. 0 o f electricit. through theft (www.metering.com: Magazine Archive -

_QQ_ l sue 1). ''hile Cganda Electricity Distribution Company (UEDCL) reports overall 

losses b tween 20 to 30%. The proportion of stolen electricity varies from country to 

country. but it is more pronounced in developing countries. Various methods have been 

de\'ised to enable electricity theft. Some hook electric cables directly onto low voltage 

lines, especially streetlights. This method is common in slums and densely populated 

low-income areas. Small industries like bakeries, welding workshops, fish and chips 

outlets have been known to interfere with electricity meters so that either the whole 

amount is not metered or only a fraction is metered. Electricity theft is closely related to 

levels of poverty, and generally the higher the poverty levels in a country; the more 

severe is the problem. Illegal connections not only lead to disruption of power to other 

customers but also make electricity overall expensive, as the regular customers must pay 

for the stolen electricity. Illegal connections affect power quality in that they contribute to 

short circuits. overloading, voltage imbalance and low voltage. Because of the poor 

connections. such supplies can be a source of voltage dips and surge during short 

circuits. or e\'en total power outage. 1 his is in addition to being very dangerou to other 

re~idents as cables arc rough!. routed without regard to afct .. In outh .Afri a. cveral 

ca of ·lcctrocution hu,·c been n:pon d. In omc area children arc advi cd by their 

p r nt never to play out ide\\ hile b re[i t. 



2.43 ·weather and Environment related problems 

Electricity transmission and distribution lin s arc mostly of overhead construction in 

Kenya, as is the case all over the world. Th c arc prone to weather related disturbances 

like lightening strikes that oc 'ur during t rms and result in short circuits and severe 

voltage surges, leading to po" ~r inh.tTlltlit n that affect the majority of customers in the 

immediate ncighbourho) I ·m I I . ( n i. lh~.: result is similar even if the lightening strike 

is not dir~ct but within th • 'i ·inity of the power lines. Overhead power lines are also 

prone to disturb·m · · l'r m -:trong winds that cause the conductors to clash thereby 

causing short ~:ircuit · and hence power outage. In the rainy season, strong winds are 

common that are oli.en accompanied by lightening thunder. Moisture has the effect of 

redu ing the insul::ning properties of air. If at the same time there are strong winds that 

way the conductors. the likelihood of a flashover is very high. Birds like to perch on 

power lines and will occasionally cause short circuits. In Kenya, especially the Machakos 

area, boys have been known to aim and hit the glass disc insulators using catapults. As 

the insulators shatter, it is great fun for the boys and they hence compete to hit more. The 

destruction of the insulators will lead to a short circuit either immediately or much later. 

Each disc shattered reduces the insulation properties and eventually a flashover occurs 

between the conductor and the metallic tower. 

In built up areas like Nairobi's Central Business Distri t (CBD), Power distribution is 

through underground cables, this being the case in most cities of the world. Underground 

cables are more reliable than overhead lines as they are less prone to weather related 

problems like o erhead lines. However. as cables age, so does the insulation properties 

deteriorate and eventuallY faults are inevitable. There is also the problem of the many . . 
contractors digging trenches along and across roads for one purpose or another. If due 

con ultation is not done. such contractors end up puncturing the underground power 

cab !I! . causing power interruptions to parts of the city crvcd by such c blcs. 

2.4-t V:tndali m 
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informal market for various uses. Some vandals arc after the copper in the transformers 

for sale as scrap metal. Stealing of pow r line conductors has been reported in areas like 

Athi River and Kiambu in the Yicimty )f airobi. Using saws or axes, vandals bring 

down poles carrying the power lin . an 'r ''hi h they cut several hundred meters of cable 

for sale as scrap aluminium l.m~ '.mdal: hav~ died from electrocution, as the lines are 

sometimes not dead or ll: · Hlll li\ ' \\ h •n the vandal is in the process of cutting the 

cabks. Other' and.d · t·u· • t t ·<.:I t \\crs. where steel members are unbolted for sale in the 

informal mark ·t 1m • mmunitics vandalize power line parts to make ornaments and 

traditional m:a1 on:. opper earth strips and earth rods have been ripped off for sale as 

scrap copper. . 11 the e activities lead to power blackouts, affecting tens of customers in 

theca e of di tribution transformers to thousands of customers in the case of steel towers. 

2.-ts Power Line Design 

One cannot guarantee power quality unless the power lines are of good design. KPLC has 

developed standards that define the depth of holes for poles, minimum distance between 

conductors. conductor clearance to ground, inter-pole distance or span length for each 

class of voltage, size of conductors for given power range, type and class of insulation 

among others. If these standards are violated, there will be numerous problems when the 

lines are in operation and such lines cannot transmit reliable power. Why would anybody 

want to violate established standards? There are several reasons. Unavailability of correct 

materials and the customer has to be connected. It could be the wrong pole size, wrong 

conductor span. wrong conductor size, and so on. uch jobs are done on temporary basis 

to connect the customer while awaiting the correct materials to arrive in stores so that the 

situation can be rectified. ometimes the temporary arrangement can remain for several 

years and frequent!. forgotten. As staffs arc transferred from department to dcpartm~nt, 

region 10 region. new taffs come to n.:gard \\hat they find in the new n:gion a n rmal. 

m time materials procured do not meet th~o: required tandards. leading to num~rou · 

br akd "n ,,hik in l.:f\'i . 'I h rc[i re trict • dhcr n c of d ign n c 11 ~ tnJction 

b k d b · pro ur m nt th ri ht m t ri I in th ri ht 
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Z-46 Choice of Materials 

The greater part of KPLCs distribution network power lines are on wooden poles, with 

only a few kilometers of concrete and tee! poks. Wooden poles have inherent problems. 

They will rot and collapse espc i·11ly in the rainy season when the ground is soggy. The 

problem can be compound u by F fl)l'l!n.:m 'nt or poles that are not properly treated. 

Wooden poles arc also pwn · tl ·at hin 1 lin.! initiated by lightening or power line faults 

like short circuits. In ' I • lS r Perth letropolitan in Australia, more than 25,000 homes 

and bus inc ·scs wcr · I n '' ith ut power after light rain caused more than 40 pole- top 

fires. The utility. \Ve.:tern Power Doug Aberie was planning to replace wooden poles 

with ted one· tage by stage to eliminate the problem. According to a Government 

pokesman. 1.5million dollars would be spent in2006 n a program aimed at replacing 

damaged poles with steel ones (Jane Hammond: Rain causes major blackouts; 

www.theadvertiser.news.com, 3rd Jan 2006). Steel poles and concrete poles are more 

durable and resistant to weather related corrosion. Hence there are fewer power 

interruptions with steel or concrete poles power lines. 

2.47 Need for Strategy to Deal with power quality 

Businesses require to adopt the appropriate strategy to deal with the various power 

problems right from power outages to voltage surges. The adopted strategy will vary 

from one business to another. Most business may opt to have standby generators to 

mitigate against power outages, but this is not feasible in every situation, especially 

where pov,:er requirement is high, like tens of megawatts, investing in standby generators 

can be very expensive considering the installation and running costs. Power surges may 

require surge arrestors for the electronic equipment, but there is no real cure as a power 

surge can cause a production plant to hut down. fost po\vcr qualit. problems like low 

frequency and low voltage. oltage dip and surges may not have an immediate solution 

at the businc Jc\cl. and the matter \Viii have to b referred to the utility for elution·. 

vailabilit~ 0 abundant upply ol ekctri ity i an in ntivc to otcntial inve tor. 'u h 

cl tri ity hould be of c ir u qu lily, rcli blc n<.l fairly pric . 

finit ly h c mparin ' I countri m 

hil I kin ' ~ r th b t r turn n m \ ul 



of production, the selling price and expected returns. Apart from tari!I costs, a business is 

concerned by reliability and quality of lcctricity, as poor quality is indicative of 

substantial hidden costs. These hid:i n sts or clt:ctricity consist of plant downtime and 

spoilage costs as a result of power suppl) :mtagcs, voltage dips or surges among others. 

The economic gro' th or 1 • unu; an l ' accderatcd by capital inflows from foreign 

investors. (Jovcmm ·nt 111 l , . ·r the \vorld have recognized the benefits of foreign direct 

investments that in 'iud 'U ita! inflows, increased exports, employment, technology 

tr::msf't:r. incn:a..:~.::d g \emment revenue in form of taxes, increased trade and 

opportunitie, for I cal industry to grow as they trade with the multinational companies. 

Foreign direct ime tors consider at several factors in a prospective host country. Of 

interest is the country market potential, population, level of education (skilled and non 

skilled labour). purchasing power, and infrastructure like roads, railway and telephone, 

energy sources like oil and electricity and raw materials. A potential investor would 

establish which factors were in abundant supply in a given country, and how such factors 

would favour investments in such a country. The existing political environment is also an 

important consideration. For example countries with huge oil reserves like Saudi Arabia. 

Iraq and Nigeria have attracted investors in the oil industry, while countries with large 

mineral reserves have attract investors who exploit those reserves. Other industries 

directly or indirectly related to those resources are born. 



2.5 Theoretical Framework and review of other works. 
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2.51 Power Availability. 

Availability of electricity is subje t to adequate generation. The generation should also 

be reliable with enough spar npa it). As of June 2005, the combined capacity of 

Kcngcn, Tbcrafrica, rpow r. :-~n i l's:l\ o power was 1150Megawatts. The peak 

customer demand fr Hn Kl 1 ' l m was 800MW, leaving a spare capacity of 

350MW, \\ hkh i · '\l )d .m aiiO\\S for breakdowns and routine maintenance. Other 

than gl:nL'ralion. 1 wcr availability can be affected by inadequate transmission 

cquipmL'nt. fran~mi:si n equipment should also have adequate spare capacity to avoid 

po · ible o,· rl ading and also to take care of maintenance and breakdowns. Customers 

should continue to enjo} power from alternative sources even when one transmission 

line or transformer is out of service. In Kenya, a large proportion of electricity 

generation is hvdro-based. This means that there will always be a shortfall in times of 
'-' -
drought as was the case in the year 2000. This is also expected to be the case in 2006, 

where 180 1W generation is to be installed at cost of Shs36.8 billion(Peter Munaita: 

The East African: 25th January 2006). Reduction of water reservoirs means that there 

is less water to turn the turbines, hence less power. Inadequate generation results in 

power rationing. This problem is not unique to Kenya. As of December 2005, 

neighbouring Uganda was experiencing generation shortfall due to the drought. They 

had contracted 50MW emergency generation to reduce the impact of power rationing 

(v.r\vw.irinnews.org Jan 25th 2006). China and India are also reported to be 

experiencing power shortages, resulting in rationing in those countries. But unlike 

Kenya. inadequate power in China is due to rapid growth where the industrial and 

domestic power demand gr0\\1h is higher than the rate at which n w generation is 

being added. In India the 1 1aharastra tate was having a power shortfall of 4000MW in 

200-, which occasionl:d p wcr rationing ranging from 4 to 1 hour in a day [Anand 

Kumar: tumbai Lett r: lay 9th 200-. W\ ' '.c.lawn.com). tany other tall: in India 

rin the arne f: t . Po\\ r hortage in India i due to rapid growth ju t lih in 

hin 
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emergency generation IS always more expenstve per unit compared with existing 

sources. Also, emergency generators use diesel fuel, the cost of which is again passed 011 

to the customer. This means th higher production costs for the various industries. Cost 

of power rationing is very high. 10\ ernm~.nt estimates showed that the power rationing 

of 1999/2000 cost Ksh · 8.1 l illi m tn lt)St l usiness (Jaindi Kisero: Daily Nation May 30, 

2000). Kenya po\\er , I i •htinL! ') Ltd h)st Kshs 6.1 billion in revenue due to unsold 

energy. 

2.52 Power interruption· 

Power interruption or non-scheduled interruptions are mainly caused by breakdowns in 

the power system. Breakdowns may result from broken cables, short circuits or 

equipment failure for example transformers. The frequency and duration of interruption 

are critical determinants of the impact over a period. The more frequent, the higher the 

impact of disruption. The longer the duration the more the negative impact. Longer 

duration say from six hours to one day are caused by power system plant failure e.g. 

transformers. High frequency of interruptions would be most like be due to aging power 

lines and equipment. Overloading can also cause interruptions as equipment fail due to 

excessive stress. Vandalism is another cause of power interruptions. Vandals are known 

to steal transformer oil, copper, aluminium and steel from the power system network. 

Such theft always leaves some customers without supply. Restoration work may take 

appreciable time, as new equipment has to be identified and installed. 

Weather related incidences like lightning normally cause momentary interruptions. A 

tree touching a pov,:er line will be sensed as a fault and there will be a brief interruption 

followed by automatic restoration as long as the tree touching even was a transient one. 

Tree branches do fall on power lines and when this happens there will be pow~.:r 

interruption. Birds oftt.:n caust.: a .short circuit as the. fl. or perch on po\ver lines. trong 

wind u u ))y cau c power cable to cia ·h '' ith each other, causing a hort cir uit ntl 

hence outa es. tot r v~.:hicle id nt arc an th r common cuu c 0 PO\\~o:r 

int rruption . It c uld b normal ccid nt \\h~o:n v hi lc hit p '' r lin~.: or tlrunkt:n 

\11 driv int f II in h \C 

n r rt p ' r ut l . l urn n rr r ntribut 



Operators and maintenance personnel in the utilities occasionally make error of 

judgment by either switching the \\Tong equipment out or overloading equipment 

leading to automatic shutd0\\11 of that pie"' of equipment. Cases of madmen interferincr 
0 

with electrical equipment and ntL'ing utag 'S ha e been reported. 

Planned power interrupti n. ~ r n t .1~ sr..:rious as the unplanned ones because customers 

arc warned in ach <111 't.: un I 11 .11 I ' t tak' contingency measures in most cases. Planned 

outages an: ft)(' thL· 1 llll · I maintenance by the utility or generating companies. 

Sudden shutd )\\ n or u gcm:rating facility due to internal faults can cause widespread 

power outag~.: · a· a re ult of the reduced generation. The problem is more serious if the 

a1Tected generator i large relative to the total generation at that time. In August 2003, 

there was widespread power interruption in the USA and Canada. 

2 • .-::3 
..J Voltage level stability 

Voltage level at a customer's premises is required to be within the defined accepted 

limits if all the devices in the manufacturing plant are to function properly. Continuous 

high voltage above the defined limit can cause overheating of components leading to 

insulation failure. Over voltage is caused by sudden load-switching, capacitor switching 

and poor system voltage regulation. Continuous over voltage will cause insulation 

failure in some electrical equipment, which will lead to total failure. On the other hand, 

low voltage or under voltage is caused by overloading of the power system network, 

poor power factor and lack of adequate voltage compensation at key installations. Under 

voltage causes over current in motors, leading to overheating and possible damage. 

Heating equipments are unable to deliver the required amount of heat under these 

circumstances, as the heating process is slo\ . 

2.:-4 Voltage 'urge 

A voltage surge is a !;udden ri c in voltage well above nom1al. "urge an: cau cd by 

udd n S\\itching off of ncar by I .ds nd f: ult o currcn in n i 1 hborin cin.:uit 

p \\ r y t m i 

urcc i far r m th • d. ur quipm nt 

p rt th 
m nu turin ' I nt . In iti n. th ur n 



the malfunction of control systems. ,,·hich \\'ill result in ,,·hole plant to shutdown even 

when there is no other damage. The frequency of the surges should be very low for crood 
::;, 

quality power. 

tss Voltage Dips 

2.56 

A voltage dip is a sudd ·n Jm1 in \ (lltaac far below normal values. This is normally 

followed by r ·co,·~..·ry in ·1 li.:w milliseconds to several seconds. Dips are mainly caused 

by fault occurn.:nc in nt:ighbouring circuits (Alstom 2002). Large motors can also cause 

dips in neighb uring circuits when starting. Plants will withstand a dip up to some 

specific duration. after which the plant will shutdown resulting in production loss. 

Different plants ha\'e different dip withstand capabilities. Frequent dip occurrence is an 

indicator of poor power quality. 

Voltage unbalance 

Uneven loading of the power system, or faulty equipment causes voltage unbalance in 

the power system (Alstom 2002). This is fairly easy to rectify and should not be 

frequent. Unbalanced voltages can cause mal-operation of customer's equipment and 

possibly lead to plant shutdown. 

2·57 Frequency 

The frequency of the power supply is expected to be 50 hertz with a 2.5 % variation 

above and below (Electric Power Act. I 997). The most common frequency related 

problem is under-frequency. caused by inadequate generation (Alstom 2002). orne 

equipment will malfunction if frequency falls b llow a specified limit. Frequent 

operation outside the defined limits is an indication of poor quality power. 

258 
J Harmonic 

Hannonics are hight.:r frequency current and voltage up rimpo cd on the un am nt, 1 

frequency of 50Hz. ·r he m in cau c of h rm ni ar n n-lin ar I r till r . 

ln\'Crt rs, p t ti V r C mp n tO . fC \\ 

h rm ni in p \\cr upply I d t h • tin 
nd 



capacitors. leading to possible .shutd0\\11. The equipmcnts responsible for generating 

harmonics are owned both by the customer and the utility, but the customers produce a 

large proportion of the harmonics. lligh h.:\' ls or harmonics vvill cause protective 

devices to mal-operate and either ·hut down plants or cause widespread power 

intenuption depending on th ,, "1\lal h at ion of such protective devices. 

Some quality factor limih ' 
r-

Type of Disturbance I ' oltaoe level 

Voltage variati n I 2"0V 

Rapid v ltuge changes 230V 

Rapid voltage changes 1KV to 35KV 

Short interruptions 230V 

Under voltage 230V 

Voltage surge 230V 

Frequency variation 

Harmonics 

Source: Alstom 2002, Network ProtectiOn & Automation. 

THD: Total harmonic distortion. 

Limits from EN50160 

+/- 10% 

5% to 10% 

Less than 6% 

Less than 1 0% 

Less than 150% of nominal 

voltage 

+/- 1% 

THD less than 8% up to 

40th harmonic 

EN 50160 is a European standard that defines limiting values on voltage quality. Similar 

limits have been set by IEEE 1159 and many national standards bodies. 

The Electric Power upply Rules (2005) stipulates frequency variation not to exceed 

2.5% above and belo' 50Hz. Maximum voltage variation allo' ed is 6°/o above and 

below 230V. for low voltage and 10% variation for high voltage (v.-"\V\ .erb.go kc). 

2. 9 Rc carch by Oth r 

A r s rch n Pricing of Elc tricit ' by Bulk PO\\Cr Pr duc\.:r was done in 200_ by 

Jo BA proj ct. ·nl' tud .' im d at lindin I out how bulk de tricit\' 

mp nie . ~I h br lin ling l thi tu y 

h tin I mp n: h 



the retail company KPLC. This study is related to the current study in as far as it deals 

with the price of electricity issues; otherwi e the issue of power quality was not an 

objective and hence was not dealt with. 

2.60 Need for this study 

The impact of po,:o..· r qualit · Hl lu ·in : · firms in Kenya is currently unknown. There is 

therefore a nl!t:d to (.; ' liT. 1ut u ·tud_ to identify the significant factors that lead to poor 

power quality. and the IT ct uch factors have on the overall production costs in the 

manufacturing linn·. Re ults from such a study will assist in formulating strategies to 

counter thi, problem. 

3.0 CHAPTER THREE: RESEARCH METHODOLOGY. 

3.1 Research Design 

Survey research method was used in this study. Considering the diversity of the 

manufacturing companies, this method was considered the most suitable to get the 

appropriate data for statistical analysis. 

3.2 Population and Sample of the study 

In this study, the population was the 525 members of the Kenya Association of 

Manufacturers who were chosen in this study to represent the business community. A 

convenient sample of 50 companies within Nairobi was used. 

3.3 Data Collection 

Data on business firms were obtained through questionnaires. This dealt ' ith power 

quality issues of availability. power interruptions. voltage dips. voltage surges. harmonics 

and th impact of these factors on business firms 



3A Data Analysis. 

The data received from questionnaires \Yere presented m a tabulated form for each 

question. The percentage of respond nt that hL)Se a parti ular answer was shown. 

The analysis show how prevalent a gi\ en fa tor i from the point of view of the 

manu facturcrs . 

4.0 CHAPTER FO R: D T \ .\ 'l \LV. I A1 D FINDINGS 

4.1 Introduction 

This chapter pre ents Research Findings and Analysis of data received from respondents. 

Responses were received from 32 of the 50 questionnaires sent out to manufacturers, who 

had been selected conveniently from the 512 members of the Kenya Association of 

Manufacturers. 

4.2 Power consumed by manufacturers 

Amount of power consumed by the firms: 64% of respondents said their respective finns 

consumed less than 1MW, while 36% said they consumed 1 - 5MW. There were no 

respondents for the above 5MW category. Though such firms like Bamburi and PanPaper 

power in excess of SMW, the number of firms in this category are few and could be 

estimated to be about 1% of the total number of manufacturing firms. 

-t3 Cost of electricity versu total production cost 

Proportion of electricity cost as a percentage of total production costs: To 46% of 

respondents, electricity accounted for less than 10% of production co ts. 36°/o of 

respondents indicated that electricity constituted 10 - 20% of production costs while 

18% of respondents indicated that electricity accounted for 20 - 30% of production 

costs. umming the later two groups we lind that 54% of respondents have electricity 

co ts a counting for b tween 10 - 30% of production co t . The e costs arc substantial 

nd r h n e ignific nt in d termining the fin I product co t ·. 
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4.4 Electricity availability 

[ 0 SeriesD 

68% of respondents indicated that the number of unscheduled power interruptions were 

few, while 32% said the frequency of power outages was high. On power rationing; 59% 

of respondents said they had not experienced power rationing in the last two years. A 

further 32% said power rationing was rare, while 9% said power rationing was frequent. 

These results indicate that power rationing is not a common phenomenon among the 

manufacturing firms, though it is recognized as a very serious issue when it occurs. 

4.5 Voltage level variation: 

55% of respondents said that the level of voltage supplied was unpredictable while only 

32% felt that the oltage was normally within defined limits. This is an indication that 

voltage is generally poor, and is rarely within defined limits. 

4.6. Voltage urge 

41% of re p ndcnts said the surges \\ ~re frequent while a further 9% said the surge 

were very r qucnt. 50% fdt that voltage ·urges were few. The c re ults indicate that 

volt c ur o cur airly frequently and there is n d for the utilit. to initiate correcthc 

ction. 

0 



4.7 Breakdowns 

In cases of breakdowns, 64% said that KPLC was low in responding while 18% said 

the utility was unacceptably slow in re pond in!!. nly 18% felt that KPLC was quick in 

responding to breakdowns. 
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4.8 Losses due to power quality related problems 

quick 

I 0 Series1 1 

On losses incurred due to sudden power interruptions, 91 % of respondents said they had 

experienced loss of production, spoilage arising from semi-processed goods and damage 

to electronic equipment. 

... 9. Ability to re ume operation after a brief power interruption 

The ability to resume operations after a brief pov .. ·er interruption was assessed. 41% of 

respondents said that it took less than 30 minutes, 14% took 30 minutes to one hour, 36% 

took 1 hour to 3 hour-, " hile 9% took over 3hours to resume. That the majorit. takes 

over "'0 minutc:s to resume operations even after a brief interruption mean that lo ·ses 

due to downtim nrc cry high hence u h int m1ption hou1d be taken \"crv criou ~Jy . . 

trnt gi to rcdu c them put in pi cc. 



4.10 Quantifying losses related to power quality problems 

Respondents were asked to quantif)' lo ses related to power quality problems like 

interruptions, voltage surges and low voltages among others. 36% said the incurred losses 

up to Kshs lmillion, 55% said b tw~.:en 1 million and l 0 million, while 9% said they 

incurred losses between KshslOmillit n to Omillion. For the 512 members, the 55% of 

the 1 - 10 million catcgor~ \Wull tlllJ I ~·stimatcd losses in the range of Kshs 281.6 

million to Kshs 2.8. billt n 

4.11 Frequency 

45% said they did not monitor, \\hile 55% said frequency was rarely above 51Hz or 

below 49HZ. 

4.12. Harmonics 

Harmonics were not monitored by 68% of the respondents, while 23% said harmonics 

rarely exceeded 10% of the power supply voltage magnitude. Another 9% said that 

harmonics frequently exceeded 10% of the power supply voltage magnitude. 

4.13 Voltage dips 

Voltage dips were rare for 36% of respondents, while 64% said voltage dips were 

frequent. 

4.14 Un cheduled power interruption 

Unscheduled power interruption was assessed. 64% said that the impact was serious 

resulting in heavy losses, while 36°/o felt that resulting losses were not very significant. 

The problem of single phasing was rare as indicated by 64~'o of respondents. 27% said 

that single phasing was frequent while 9% said it was very frequent. 



-L17 Relative rating of the various factors 

Respondents were asked to rate the various po\\'er quality according to how serious each 

factor affected the business of the firm. RatingS \\'as tlr· mo t serious( corresponding to 

work stoppage and heavy losses)" hilt: r~uing 1 was th~.: least serious(inconvenience but 

no significant losses). 

Table shows how tht= n.:sptm i ·nt: tat·d the various factors. 
...-

I f re ·pondents for each rating 

RatingS I Rating4 Rating3 Rating2 Rating! Rating4 

I l +RatingS I 
I 

Voltage surge 41 % 45% 9% 5% 86% 

Power rationing 82% 19% 9% 91% 

Unscheduled 86% 9% 5% 95% 

interruption 

Voltage dip 27% 45% 27% 72% 

Harmonics 23% 59% 9% 9% 82% 

Low voltage 45% 50% - 5% 95% 

High voltage 41% 45% - 14% 86% 

Over frequency 9% 64% 9% 9% 9% 73% 

Under frequency 14% 59% 9% 9% 9% 73% 

In the above table. Ratmg 4 and Ratmg 5 represent severe and very severe effect on 

business. 

All the factors rated serious and very serious are the sum of rating4 column and ratingS 

column. Th1s summation is shown in the 71
h column. 

The results of column 7 indicate that 72% of the respondents perceive the various power 

quality factors to have.: ~.:v~:re c!Tect · on bu ines . Rating!. rating2 and rating.., had \'1.:1)' 

cw r ndents for the c f: tor . 



5.0 CHAPTER FIVE: CONCLUSIONS AND RECOl\IENDATIONS 

5.1 Introduction 

From the viewpoint that electricity i an 11111 rtnnt factor of production, this study sought 

to establish the factors that igntli :mtl~ nfll.: t the quality of electricity supplied to 

manufacturers in Kenya and th~.: im1 a 'l -;u h factors have on the firms. Questionnaires 

were sent to 50 linns \\ lw h 1d b · •n con cnicntly selected from the 512 members of the 

Kenya Association or lmufa turer (KAM). The questionnaires were sent through 

electronic mail. I ~ ·p n ·e · were recei ed via e-mail as well as the Post Office. In all, 

there were _ respondents. representing a 64% response. 

5.2 Conclusions 

The study found that for 54% of respondents have electricity costs accounted for 

between 10 - 30% of production costs. This implies that the cost of electricity is 

significant and hence it has an impact on the final product cost. Considering that 91% of 

respondents said power rationing was rare or none existent for the past two years, it can 

be concluded that power rationing was not of immediate concern to manufacturers as it 

rarely occurred. The frequency of unscheduled power interruptions was found to be 

significant, with 32% indicating that power outages were very frequent. The 55% 

respondents that said voltage was unpredictable clearly show that there was lack of 

dependability on this parameter. It is therefore a concluded that voltage supplied to 

customers was of poor quality. Voltage surges and dips were frequent as indicated by 

50% and 64% of respondents respectively. In addition, these dips and surges were rated 

high in their potential to disrupt business. frequency variations were not significant with 

55% indicating that they did not experience any variations while 45% said the did not 

monitor · rcquency. I Iarmonics were not monitored by over 68% of resp ndcnts. 

Ilowever. thcr is m:~.:d for ~.:ach manufa tur~;r to monitor harmonics a· the ~.: an hav~.: an 

e 011 rfi nnanc of v riou plant quipmcnt that form part of the production 

pro 



In summary, the quality of electricity supplied to manufacturers was found to be poor, 

specifically in the areas of voltage variation. voltage dips and voltage surges. 

5.3 Recommendations 

The electricity utility KPI , · n ·~.:d · to initiate investigations to establish the causes of 

voltage dip·. voltag~ surg ..: and \'Oltagc variations. The response to breakdowns needs 

to be improved ·o a · t ·uti f)' customers and reduce downtime. 
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APPENDIX 2 

Voltage Dip illustration 

Voltage 

pper voltage limit 

...................... - ---······-···························································· .. 

Lower voltage limit D~p magnitude 

~••••••••••• • ••••••··••••••••• • ••••••••••••••••••••••••••••••••••••••••••••o•oo•• • •••• • • • •• • •oo•••••• 

Dip duration (milliseconds) 

.......... .. ...................... .. ................... \. __________ __, 

L------------------------------------------
---------~Time 

Source: Alstom 2002. , etwork Protection & Automation 
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APPENDIX3 

Illustration of the relationship bt:(\\· ' n th' ocncrators, the distributor, the customers and 

the regulator, ERI . 

ELECTRICITY REGULATORY BOARD 

IBERAFRICA 

INDUSTRIAL & 
COMMERCIAL 
CUSTOMERS:60 

ORPOWER P L C 

TSAVO 

Source of <.lata KPLC nnual rcpon 2003/2004 
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CUSTOMERS:40 
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APPENDIX 4 

1. What is the power d~:m~md C y ur business? 

Response 

(a) Less than lM\V 64% 

(b) 1-SMW 36% 

(c) Above SM\V nil 

2. In your firm, what is the proportion of electricity cost as a percentage of total 

cost of production? 

Response 

(a) Less than 10% 46% 

(b) 10-20%. 36% 

(c) 20-30%. 18% 

(d) More than 30%. Nil 

3. What would you say about electricity availability at your premises? 

Response 

(a 



-1-. What is the level of the voltage of power supplied? 

Response 

(a) Always within limits. 32%. 

(b) Mostly higher than normal Nil 

(c) Mostly low 13% 

(d) Unpredictable. 55% 

5. What i ·the frequenc) fvoltage surges? 

Response 

(a) Very fe, 50% 

(b) Frequent 41% 

(c) Very Frequent 9% 

6. In case of power breakdown, how is the response from KPLC? 

Response 

(a) Quick 18% 

(b) Slow 64% 

(c) Unacceptably slow 18% 

7. Availability. Ho,.,.· often have you experience pO\ver rationing in last two years 

1 Response 
. --

(a) Nil 13 

(b) Rarely 7 

(b) hequ nt 2 

(c) V ry fr u nt nil 



8. Which of the following do you experience when power goes off suddenly. 

Response 

(i) Loss of production. (on!)) 
-

(ii) Semi-processed goods ur · bm:h!. ·d and have to be 

scrapped. 

f--- -
(iii) Damag~.: t ~:kctr nl equipment. 

Those who cho ·e (i) on!) 4.5% 

Those who cho ·e (ii) only 4.5% 

Those who cho ·e (iii) only Ni l 

Those who chose (i) and (ii) 36% 

Those who chose all three 55% 

9. If power goes off temporarily, how long does it take your plant to resume full 

operations? 

Response 

0 Less than 30 minutes. 41% 

0 Between 30 minutes and 1 hour. 14% 

0 From 1 hr to 3 hrs. 36% 

0 Over 3 hrs 9% 

10. How would you quantify your annual loss due to supply interruption. low 

voltage. voltage surges and other power quality problems? 

I Response 

Up to Kshs l million. 136% 

B tween l nd IOmilli n. , o I --ot. 

I 0 to 50Million. 9% 

Q\ r 50Million. Nil 



11. How often have you had frequency below 49Hz? 

Response 

0 Rarely 55% 

0 Up to 2 incidents per day Nil 

0 Between 2 and 1 0 indd nts Nil 

0 Over 1 0 incidt.:nts pt.:• d 'Y Nil 
1---

0 Frequency is nol m mt red 45% 

12. How often does the power supply frequency exceed 511:-Iz? 

Response. 

0 Rarely 55% 

0 Up to 2 incidents per day Nil 

0 Between 2 and 10 incidents Nil 

0 Over 10 incidents per day Nil 

0 Frequency is not monitored. 45% 

13. If you monitor power supply harmonics, how often does the harmonics exceed 

10%? 

. Response 

Rarely 23% 

Often 9% 

y, ry fr qu nt Nil 

\V urr ntly d n t monitor 68% 



14. How often have you cxpcricn d n' \tag iip? 
--

Response 

o Rarely 36% 

o Often 64% 

o Very l'nx llll!l\l Nil 

15. llow often huYe you experienced a voltage surges? 

Response 

0 Rarel 50% . 
0 Often 41% 

0 Very frequent 9% 

16. What is the impact of unscheduled power interruption on production? 

Response 

Little impact 
~ 

Nil 0 

0 Serious but losses not very significant 36% 

0 Very serious with heavy losses 64% 

17. How often have you experienced single phasing? 

\ Response 

Rarely 64% 

Often 
r--

27°'o 

u V I)' fr qu nt 9% 



In the table below, respondents were asked to rate the listed factors according to what 

effect such factors have on respondent's manufacturing plant, with ratingS being the most 

serious (i.e. Leads to work stoppage and high 1 c ), and rntingl being the least serious 

(Inconvenient or nui sance but no sign iii ant 1) ':' '.' . 

Table shows how the r spond ·nt. rIll.' lth \ arious factors. 

No. of respondents for each rating 

RatingS Rating4 Rating3 Rating2 Ratingl 

Voltage urge 141% 45% 9% 5% 

Power rationing I 82% 9% 9% 

Unscheduled interruption 86% 9% 5% 

Voltage dip 27% 45% 27% 

Harmonics 23% 59% 9% 9% 

Low voltage 45% 50% - 5% 

High voltage 41% 45% - 14% 

Over frequency 9% 64% 9% 9% 9% 

Under frequency 14% 59% 9% 9% 9% 



APPENDIX 5 

QUESTIONNAIRE 

Factors that affect the quality of electricity 

1. What is the power d m nd of ur business? 

(a) L ·ss tl·nn I MW (b) 15MW (c) Above 5MW 

2. In your firm what is the proportion of electricity cost as a 

percentage of total cost of production? 

(a) 

(d) 

Less than 10% 

More than 30% 

(b) 10-20% (c) 20-30% 

3. What would you say about electricity availability at your premises? 

(a) Always available (b) Has few outages 

(c) Very many outages 

4. What is the level of the voltage of power supplied? 

(a) Always within limits. (b)Mostly higher than normal 

(c) Mostly low (d) Unpredictable 

5. What is the frequency of voltage surges? 

(a) v ry [! w (b) Frequent (c) Very Frequent 



6. In case of power breakdown, how is the response from KPLC? 

(a) Quick (b) Slow (c) Unacceptably slow 

7. Availability. How oft n h v ·ou . p ri "nee power rationing in last 

two years 

(a) Nil (b) Rarely (b) Frequent (c)Very frequent 

8. Which of the follo\ ing do you expenence when power goes off 

suddenl . 

o Loss of production. 

o Semi-processed goods are damaged and have to be scrapped. 

o Damage to electronic equipment. 

For this question you may tick more than one as appropriate. 

9. If power goes off temporarily, how long does it take your plant to 

resume full operations? 

o Less than 30 minutes. 

a Between 30 minutes and 1 hour. 

a From 1 hr to 3 hrs. 

Over 3 hrs 
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10. How would you quantify your annual loss due to supply 

interruption, low voltage, voltage surges and other power quality 

problems? 

o Up to Kshs 1 million. 

o Bctwc n 1 n 1 illion. 

o 10 to 50Milli n. 

o v 'r 50Milli n . 

11. How often have you had frequency below 49Hz? 

D 

D 

D 

D 

D 

Rarely 

Up to 2 incidents per day 

Between 2 and 1 0 incidents 

Over 10 incidents per day 

Frequency is not monitored 



12. How often does the power ~upply frequency exceed 51Hz? 

D 

D 

D 

D 

D 

Rarely 

Up to 2 incid nt r d · 

B ·tw<.' n .. 111 10 in idents 

v r 10 incidents per day 

Frequency is not monitored. 

13. If you monitor power supply harmonics, how often does the 

harmonics exceed 10%. 

D Rarely D Often D Very frequent 

/ 

D We currently do not monitor 

14. How often have you experienced a voltage dip? 

0 Rarely D Often D Very frequent 

15. How of en have you experienced voltage surges? 

0 Rar ly D Often D Very frequent 



16. What is the impact of unscheduled power interruption on 

production? 

D Little impact 

D 

D V ry ' n ou \nth heavy losses 

17 How often do~ ou experience single phasing (loss of one phase)? 

D Rarely Ooften D Very frequent 

Rate the following factors according to how serious they will affect your 

manufacturing plant. 

Rating 

5 4 3 2 1 

Voltage surge 

Power rationing 

Unscheduled interruption 

Voltage dip 

Harmonics 

Low voltage 

High voltage 

Over frequency 

Under frcquenc: 



Key 

Rating 5: Most serious (e.g. Leads to' ork stoppage and high losses) 

Rating 1: Least Serious (Inconvenient or nuisance but no significant 

losses). 


