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.\8 TRACT 

E ffecm e supply cham management should eliminate 'anabthttc-. 111 -;tocks at end sale 

pom~ and supply points. Companie~ arc tf') ing to reduce thc:>e 'anabtlllt6 b) cmploymg 

dtflerent operation~ strategies to match demand forc\:asts with production. Su\:CCs:> has 

been \<.tned as tht!> 'ariabiltty contmues wtth shtftmg manifestations. at one point the 

vanability is up-.tream and at the other point. the \ariabiltty is do\\ nstream mthe suppl) 

chain. This poses multiple challenge:> on the supply cham :>tratcg}. Vanabtltty of 

demand upstream ha:> been descnbed as bullwhtp effect (Fransoo and Wouter-., 2009), 

\\htle vanability of supply do\\ nstrcam is'' hat has been descnbcd a., reversed bullwhip 

eiTect (S\ cnson. 2003 ). While demand 'anabiltt) throughout the suppl} cham has 

rccetved con:>tdcrablc attenuon in the literature, supply 'ariability in the mH.ldlc of a 

supply chain ha!:t not been adequate!)' addressed m available literature. 

The stud)' sought to establish the underlying causes of middle cham supply variability i.e. 

reversed bull whtp effect bel\\Cen KPC the supplier and the oil marketers: the 

'' hole:>alcr . The objecli\C of the study '"as to find out the causes of supply vartability on 

supply chain of KPC. 1 he :>tudy narrowed down to supply cham structures. mtonnation 

flov •. capacny challenges and effect of go' emment regulation and customer bu..,tncss 

procedure:> a:> the pnnctple causes. These percetved cause:> of ~uppl) 'anabtltty were 

formulated mto re~earch questtons whtch the study sought to ansv .. er. Case study "as 

used and data for operations for the last tv .. o years was gathered through questionnaire. 

Purposi\e sampling was employed From the population of se..,en {7) depots a ~ample of 

five (5) depots had been chosen for the stud}. The rc:,ponse rate "'as IOO~o. Data analysis 

was done using the soc tal science statistical package of SPSS. 1 he findings showed that 

capacH) con tram~ are the mam cause of suppl) \anatton along the suppl) cham of 

KPC. It \\as di:o,CO\ered that \\hile storage capacity down stream ts sufticient, the 

upstream avatlabiht)' of the product was not suffictcnt because of the pipeline network. 

All the respondents agreed that the government mtcf\ ention through KRA delayed order 

proce smg ince it created another layer ,.,tthm the suppl} chain. It was also dtsCO\ ered 

that extendmg the loadmg hours can improve the capacity constraints but security issue 



"a'> a major ... care IIO\\C\ cr the bu ... mess procedures of oil marketers, the supply chain 

structure of KPC and the extent ofbusme'>s mfonnation now had\ el) lmle effect on the 

\ araibihue:. of supply along the !-.Uppl} cham of KPC'. This implied that product and 

in forma non mo\ ement routes had no meaningful tmpact on the speed of the product 

bemg transported. It ts only the efficiency of the supply source that detennined the 

variability al the end :-~ak point!'~. 

The demand for the sci'\ tees of KPC is projected to continue on the upward trend. Given 

the ever incrcastng demand for these SCI'\ ices. capacity enhancement strategies like more 

tune. parallel supporti\ c pipeline nct\\Ork. lean supply chain structures and reliable 

equipment need to be mstalled to elumnate the supply vanation at points of sale. This 

stud} was limited to non \alue addition outbound logisttcs of the supply chain. There is 

need to also constder value addition within the supply chain to address the impacts of 

refimng. storage allocation to customers from the down stream imentory facilities of the 

supply chain. 
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Cll PJ'FR ONE: INTRODLCTIO~ 

1.10 Back ground 

Del .cring product to con~umers depend:s on comple\ tash that requtr~ s~H:ml companie:s 

working together a n supply chain or nct\\Ork (Budiman. 2004). 'I he nc\cr cndtng que:st for 

high qual it) product at economically competitive prices to be ddt\ en.:d or made avatlable 

almost in-.tantan~ou!->1)' places a heavy burden on the l>Uppl) network (Mathta':i. 2005). The 

nature of competition in the post tndustrial era has seen the emergence of a new business 

model when.: the locus of compettt1on has sh1fted from between orgat111a11ons within a 

upply chain to bel\\ ccn the supply chains themsehes (Cox. 1999. Chmtophcr & Towill I. 

2009. Lambert & Cooper. 2000). Under th1s new busmess model. the \ iability of an 

indi\ idual organization is dependent on the ab1hty of tts management to imcgmtc 11 into an 

appropriate supply chain where it can len:rage us own sourcc:s of competitive advantage 

O\Cr tho.,e of ib supply chain partners (Hamel. Doz. & Pmhalad. 1989, Limcnck, 

Cunnmgton. & Cro\Hher. 2000. Lipparini & Lorenzom. 1999. Kamaull. ~pear & ~pckman. 

2002). Hau (2004) writing in the Harvard Busmess Re\ICW journal notes that only 

compames that build 'lupply chams that are agile . adaptable and aligned get a head of their 

rivab According to Snm,as, Kemal and Gardner (2004) compames arc often faced with the 

challenge of dctermming opt1mal order quantities. optimal production quantities, safety 

stocks levels and other mvcntory policies that significantly affect suppl) cham costs and 

profitab1hty. It 1s for tim reason that imentory management hall emerged as one of the key 

factors for cflccti"e suppl] chain management. 

As finns ucccssfully strl!am line their own operation. the next opportunity lor impro,ement 

i~ through better coordination \\ ith thc1r supphefl> and customcfl>. Accordmg to Fehx, Chan. 

Luong and \\ ang (2009). ciTccthe coordmauon strateg1es \\ill be or vttal unportance for the 

next generation ~upply chams Cocks. Heap. Hubbard and Samuel. (2002) sa) that \\Jnning 

organizations ~ec other orgamzauons as extensions of the1r O\\ n busmessc'> 1 he) say that an 

organization sec the cooperatiOn and coordmation with other orgamzat1ons as essential to its 

O\\n succcl.s so it manages the busmess relationships with these organtzations. 



This ~) .... tcmatic. trntegic coordination of the traditional busine~~ functions and the tacucs 

acros:-. businc~..,c '' ithin the supply cham. for purposes of improving the long tenn 

performance of the indh idual companies and the supply chain as a whole 1s '"hat has been 

referred to a., -.upply chain management (Lummu . \1entzer & Vokurka. :!001 ). In a suppl) 

chain good:. tlm\ through a complex scnl.'S of plants. mtcnned1am: .... \\archouscs and 

di tribution centers and the flo, .. can imolve muhtple modes oftranspon (Bradley. 2002) 

Bradley (200'5) sU}S that missed transportatlOn connection m the middlt.: of a supply chain 

may cause a customer outage or a supplier shutdown. Kumar, Ogunlana, and Sitichai (2004) 

propo c that'' hilc p1pelmes are one of the safest modes of transponing bulk energy and have 

fatlurc rates much IO\\Cr than rail roads or highway transportation, failures do occur and 

sometimes w nh catastrophic consequences. 

In attemptmg to eflccuvcl) coordinate the suppl) activ ittcs. finns are faced with 

unpredictable demand, Intermittent supplies, mutating consumer tastes and preferences and 

advancement!:> m technology. According to Tang (2006). as supply chains become more 

global. suppl} unccnamty becomes a more striking issue. He further notes that these 

uncenamttes arc brought about by the .. ariabilities in the supply chain caused by stochastic 

demand and unreliable supplies. Svensson, (2005) notes that the dependencies between 

actors. activlltcs. and resources cause negative consequences when stockmg level variability 

occurs upstream and down stream in the supply chain. 

1.11 Reversed bullwhip effect 

The variability of demand 1s usually ~een up the supply chain at the retail or whole sale le\el 

\\hile the vanability of suppl) is usually seen down the supply cham at the company 

\\arehouse (£ ransoo & \\ outers. 2009). They describe this increasing variability of demand 

further upstream 10 the supply chain as the bulh\hip effect. The term bull\\ hlp v.as coined by 

managers of Proctor and Gamble \\hen assessing the demand variation on thetr pampers but 

was first descnbed b) Forrester (1985). the tenn found its \\ay into the literature counesy of 

Lee, Tversky and Parlar ( 1997}. Since its formal introduction and analysis by Lee et at 

(1997), the bullwhip efTect has drawn extensive attention from both academia and industry. 

2 



HO\\C\Cr recent '1udics b) for example Baganha and Cohen ( 1998) ~uggcst that bull\\ hip 

cflcct doc not prevail in gcneml s,enson (2003) introduces the tcnn ·rc\erscd bullwhip 

cft"c~t "hich rl.!fcrs to the variability of supply do\\ n stream the suppl} cham. lie notes that 

the rc,erscd bull\\hip effect occurs bctv.cen suppliers und retailers. The dctatled cmpmcal 

'tud) at the indu:->tl) IC\CI by Cachon, Randall and s~hmidt (2007) shO\\'> that only 47°u of 

industries tudicd in the L S c\hlbitcd bull\\ hip ctTcct "hilc the remaining 53 11 
\) the re\ crscd 

bull\\hip cflcct Studic~ done b) Croson and Donohue (2003. 2006). Croson ct al (2004), 

Kamim.ky and S1mchi-Lcvy (2000) and Wu and Katok (2006) find a substantial ponion of 

tnals in '' hich the opposite cflcct of Bull Whip eflcct occurs , that is reversed bullwh1p 

effect. According to s, cnsson (2005) current explorations of the bull'' hip eflect ignore the 

fact that stocking le,cl \'ariability in the \alue S):>tems ,., double edged and contmuous Thb 

mcan:s that stocking lc\cl \'ariabilit) 1s affected by upstream and do'" n stream bu-.me:,-, 

O('Crat1ons in the \3lue S)stem. 

1. 12 The cau e of Reversed bullwhip effect. 

The theoretical stud1cs on the rationmg game by Rong ct al (2008) and on the interactions 

among capacity, price and demand by Rong et al (2009) are the first studies of Reverse 

bullwhip effect m the lneraturc to analyze the operational causes of the reverse bull\\hip 

cflcct in the prc!'>encc of supply unccnainty. 

Information distortion 

Lalonde (1985) \\rites about last minute orders, order changes, mechanical failures, picking 

and packing errors, outnght lies about customer capacity, coordmation errors and data 

corrections \II lhe'e he de ·cnbcs as in formation fnction and he note:> that they cause 

inlonnation d1stort1ons '"here mfonnauon is needed in a timely fashion. These distortions 

cau ... e !~Upply vanabilit) along the suppl}' cham. \.1ason-Joncs and Towill ( 1997). advocate 

the ·enriched !>Upply chain· in \\h1ch pomt of sales data arc communicated d1rcctly to all 

member~ in the !>Upply chain. so the> can base their dec1s1ons on accurate and current sales 

mfonnauon. rather than poss1bly distoned informatiOn from the down stream chain members 
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. ature and t) pc of uppl} chain structure 

Bradley (2002) not~s that the kmd of suppl) chatn :-.tructun: detcnnint:!) the extent of 

mfonnation dtstonions that funher support rever e bull\\ hip cflcd f '"her ( 1997) dctincd 

two t) pes of suppl) chams, one physical!} cflictcnt and the other rc~ponsh c. He note!) that 

responsi'-'t: chains strc s efTecttve and raptd rcspon e to actual customer demands. For these 

chams, accurate forecastmg and constderauon of market medtauon costs are the ke}s to 

competitjveness. Christopher (2000) says agility is a kin to responstvencss smce agile chatns 

provide extremely rapid re~ponse to htghly vanable demand. 1\a}lor. \1mgzhou and Gercni 

(1999) define a ·leagtle' suppl} chain as a suppl) chain having a lean up stream and an agile 

do'' n stream component. Ftsher ( 1997) funher notes that a ph) stcally cflicicnt cham stresses 

least total cost. Lean supply chains (Christopher. 2000) operate on a paradtgm closely a ktn 

to physical cflicienc} A phystcally eflictent cham ts better placed to mtugatc agamst <..upply 

disruptions and is therefore better placed to eliminate reversed bull\' hip effect. 

Supplier capacity 

In his interviews vv ith the suppliers of aero construction materia b. Budiman (2004) found 

out that the supply fluctuation was due to capacity adJUStment lead time, productton lead 

ttmc. order processmg delay and ord~r v\all umc. Svenson (2005) \Hllc:-. that the rc\ erscd 

bullv.hip effect is caused by factors such as dcfictcnt infonnation sharing, Insufficient market 

data. defictcnt forecasts and capacit} tssues. He funhcr sugge h that companie~ · 'atomisttc 

considerations' (that ts sub optimizatton of busmess processes) tn a suppl) chain cause the 

reversed bullwhip efl'ect to occur. He sa}s that suppliers that ha\e le s responstvc production 

processes or less adjustable warchousmg factluies are ltkcl) to cxpenence reversed bullwhtp 

effect as a result of demand Accordmg to Lee, ~ason-Jones. and Ft her (1997) m their 

dtscussion of 'rationtng and shonage gaming', \\here inventones are insuffictent and suppl) 

con<..tstenc) ts not guaranteed. customers order so much further stretching the factlitics' 

capacit} as these orders have to be ser.. teed and some could be dupltcate orders. 



Pricing regime 

According to Rong ct Jl (2009), when cu tamer~ react not on I) tu pnce 1hclf but change~ in 

the price, ome pricmg tratcg1cs Implemented by the supplier may lead to rc\ cN:d bull'' hip 

effect. Ta} lor (2000) note that volume d1scounb caused bunching of order:-. mto specific 

batch quanuues. Th1s rna} encourage O\ er purchasing that further dcpre:-.ses the supply 

points. 

Company policy and nature of busines regulation. 

The project involving three compa111es done b) Da\ 1d (2000) found out a strong pre:>sure 

from senior management to minim1.1e mventory for financial reasons rather than setung 

Stocks to a calculated buffer agamst quanuticd demand and ... upply \anabllit) Semor 

management had the 'It!\\ that m toda> 's Just In Time (J IT) and customer sen 1cc 

environment, it is up to the supplier to meet our demand no matter how \ariablc that 1s. 

Unfortunately this approach fails to understand that m order for .,tocklcss JIT systems to 

operate properly supply and product1on syste'lls that are both capable and reliable an! 

necessary. 

Business procedures and policies that ha\ e been mtcmahzed mto organizational cultures may 

have infiuence on the nature and manner of reacuon to market opportuniucs. I hesc cultures 

may be rcnected in the order procc smg duration, the pa)' mcnt procedures and transport 

\essels tra,el restrictiOns which rna} either increase or reduce deh\ery lead tune. Equally 

government policy and regulation on certain businesses may encourage re\ersed bullwh1p 

effect. An example is the sudden requirement b> the tax authontiC!l tl1at all Import products 

to meet a ne'' quality threshold, or that all import declaration!> to be centmlizcd and taxes to 

be paid upfront. The!)e requirements once tmplcmcntcd ha\c the ability to dl!)rupt smooth 

no,., of products or sen ices. 

1.13 Kenya Pipeline Corporation 

The Kenya Pipeline Company was incorporated on 6th September 1973 under the companies 

act (Cap 486) and started commercial operations in 1978 The Cornpan)' 1s a State 

Corporation under the Ministry of Energy \\ 1th 100% go,cmment shareholding. The 

compan)' operations arc also govemed by relevant legislations and regulations such as; the 
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finance Act, The Publtc Procurement Regulation~. amongst other . 1 he o' era II llbJCCll\ e of 

settmg up the Company ''as to provide the e~onom> '' ith the mo't efficient. n:ltabk. ~.tli.: 

and least cost means of' transponing petroleum product::> from Mombassa to th..: hmterland 

Kenya Pipeline Company operate a papclme s}stem for transponution of relined petroleum 

products from Mombassa to ~aarobi and western Kenya towns of '\akuru, Kasumu and 

Eldoret. 

The Western Kenya Papeltne Extensaon as 8 Inches in diameter up to Burnt Forest ''here it 

reduces to a 6 Inch diameter pipe. from Sinendct l inc 3 tee's ofT to Ki-sumu and is 6 Inches 

an Diameter. It ''as comma sioned an early 1994. The Western Kenya depoh (Kasumu and 

Eldoret) are equipped '' nh loading am1s for loading road tankers and rail "agons 

KPC has 7 storage depots strategical I> located an different pans of the country. The depots 

are located in Mombassa, ~airobi, l\akuru, Kasumu and Eldoret. The other two depots are 

designated for Jet A-1 fuel and are located conveniently next to Jomo Ken yalta International 

A.irpon in ~a1robi and Moi International Airport at Mombassa (Kcn}a Pipclmc Company 

[KPCJ, P.25). 

1.2 Statement of the problem 

A 'ailable literature shows that the problem of re\ ersed bull "h1p efTect actuall> occurs. Its 

exact location within the supply cham as ''hat researchers have not been able to agree on. 

Imtial contributions by for example Rong et al. (2008) suggest that it occurs at the extreme 

ends between the suppliers and retailer<:>, however the bu~iness arrangement between KPC 

and 1ts cu,tomers; the oal marketers suggests that re\ ersed bu II \\hip effect can occur at the 

mtddle of the supply cham. The suppl} cham process of KPC •s such that product as shtppcd 

from central warehouse storage in Mombassa to respective depots country wide for final 

loadmg by o1l marketers. This arrangement makes the mteractton benveen the a<.PC and oil 

marketers to be more active at the maddle of the ~upply chain. In the business arrangement 

KPC is the supplier after assuming full control of oil imported by oil marketers and oil 

markete~ the wholesalers KPC is supposed to load all orders from shtppers on a daily basas. 

KPC 1s seen to run out of supplies frequently stan mg the local and exports market sened by 

oil marketers. Orders servtcing period frequently exceeds the lead time penod or two days. 
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Tht~ upply variabiliry ha~ re~uhcd in htgher oil and other cornmodit) price::.. poor cu ... tomcr

!:.Upplter relationship and to some extremes IO~'> of business. ·1 he variability has confounded 

the order processing and the customer-; ha\c over weighted the suppl] chau1 leading to a 

frequent back log of unmet ordc~ Consequently transporter· have been forced to pay the 

price of long night oub for tanker~' drivers. customer tock out has been a frequent 

occurrence v.ith oil marketers complaming about the sen icc of KPC (Timna. 200~) "I hi~ 

stud> eck~ to find out the underlying cause~ ofre\CN!d bullv.htp effect bct\\Ccn KP( anll 

tis customers. 

The study therefore seeks to an~wcr the following qucsllons: 

{t) Is KPC facing capacit} challenges? 

(ii) flow are the operations of KPC affected by government its customers' business poltctes·> 

(iii) HO\\ JS business information shared between KPC and its customers? 

(h) How is the supply chain of KPC structured? 

1.3 The objectives of the study. 

The general objective of the study. 

To find out the underlying causes of reversed bull\\ htp effect m the supply cham of KPC 

pecific objectives 

(i) To assess the capacity utilization at KPC and its impact on the suppl) chain 

(ii) To discover the supply chain structures at KPC. 

(iii) To in\e~tigate the extent of busmess information 110\\ bet'' een the membcrs of the 

supply chain, KPC and its customers. 

(i") To find out the effects of go .. emment polictes and company busme::.s procedure:, on the 

supply cham of KPC. 

1.4 The importance of the study. 

Thts study would be of importance to the foliO\\ ing target groups 

(i) Oil marketers need exact and rapid response to customer demands m order to stay 

competitive in the market. The study would help them to kno'' the underlying causes of 

suppl) ,anabiliry at KPC depots. ho'" best to strateg11e tn the market and hO\\ to m!ltgate 

default on supply b)' KPC 
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(ii) This study would help energy pohcy maker~ to decide on capacity planning, 

designing and adjustments at KPC depots 

(in) This study would help Kenya Ptpehne Company to dc ... ign a ~upply chain that is 

altgned to client demands and help unpro\e on customer sen.tce tn their operations 

(i\,) The concept of re' ersed bull\'- hip and its mantfestation'> has not been extt.:nst\cly 

researched. tht '> study would help academicians and rc earchcrs to further understand the 

concept of re\ ersed bullwhtp etlect and reconcile it '' tth the c\i..,ting imcntory modd~ 

particularl)' the Economic Order Quantity in the face of unpredtctablc supphe::.. 

1.5 The scope and limitation of the study. 

Supply chain management is a collaborative actt\ity and therefore mtcracuon bcmcen the 

members within and betv.een the supply chains is nece sar) if a seamlc... suppl> cham ts to 

be achieved. This study is limtted to interactiOns at the intra-organwHtonal echelons 1 c. 

'' ithin KPC and therefore excludes the customers or KPC, the otl marketers and other 

suppliers of KPC. The study single::. out non value added tnbound and out bound actt\ tttcs of 

the supply chain. The srudy employs the foliO\\ mg assumpuons: 

(i)~o ph> teal value addition withtn the supply chains of KPC that may impedt.: the 

product flow. 

(ii)lntentional di ruptions are diari1ed and supply chain elements can plan in advance for 

the likely negati\>e effects of the disruption. 

(tii)l'\o re,ersc logistics in the tnbound and out bound logtsttcs of the KPC 'lUpply cham. 
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CHAPTER TWO: LITERATURE REVIE\V 

2.1 Introduction 

T) pes of suppl} chains. 

According to Ca\i inato ( 1992}, Lambert ( 1992) and \1t!ntlcr (200 I). ~upply chain 

management addres~es the supply chain from the potnt of ongm to the point of con:sumption. 

Bradley (2005) catcgonzes suppl) chams mto t\\O based on ~tructuml and bcha\ioral 

characteristics. He considers t\\0 categones, the demand dri\en and suppl) dmcn chains. Ill: 

de. cnbcs the demand driven behavioral charactensucs as bull\\ lup effect '"hich mantfcsh 

it elf in panic orders, and highly fluctuating inventories. Sengc ( 1990) e\prcsscs th•s as 

'structure influences behavior'. The structure referred to here 1s the back\\ ard flow of 

mformation and consequent beha\ 10r is reversed bull\\ h1p effect The backward flow of 

information here is such that it comes from the supply depressed end sale pomts. This order 

flow is not all smooth since some customers can reduce orders and tal\e U\allable quanllt)', or 

take other products. The study of Rong et al. (2008) shO\\ s that the human behaviOr creates 

an additional layer of\ ariability to systems under suppl) disruptions. 

In supply driven chains (Bradley, 2005), it is the supplier and not the customer who activates 

the flO\\. This means that informatiOn flows forward in the same direction as the product. A 

maJOr concern is that the flow rna) encounter a bottle neck. or that cu..,tumers may not buy 

the entire product. E1ther of these problems has the potential of compromising the full 

production of the supply source wh1ch can be costly. It can also lead to the supplier 

over elling his or her product, hop1ng that customers will cancel thc1r order:s last mmutc. 

Such a structure asserts the suprl!macy of the supply source \\llh customers takmg the 

ccondal) role. Viewed this \\ay the suppl)' dmen supply cham~ may cause the re\er ... cd 

bullwhip effect. The order and infonnation flo"· is depicted m the figure ovcrll!af. 
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Figure 2.1 

Supply driven supply chain. where the upplicr activate:-. the flow and variations arc 

e>.pericnccd at this source. this means that mformation flows in the ~arne d1rccuon as the 

product; the assumption is that customers are there for the product I hi"> ~~ the case of 

re\ersed bullv.hip: 

Ra\\
material 
Supplier 

Repsents flow of orders 

Source: Adapted from Bradley Hull (2005). 

Whole sail: 

Represent~ flow of 

c:===~> Matenals 

He further notes that in demand dri\cn chams (as shov.n in figun! 2 2) a customer actJ\atcs 

flow by ordering from retailer. who orders from the wholesaler. who orders from the 

manufacturer, who reorders the raw materials. The activator can be either the actual customer 

demand or the forecasted customer demand. Orden, flO\\ back\J.,ards up the chain in this 

structure. The demand drhen supply chains explam the essence of bull\\hlp effect. Th1s 

bulh\hlp effect results from fear of demand limitations (too fC\\ customers or inab1ht> to 

access them) m an environment which emphasizes supply (maintaining flow). 
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figure 2.2 

Demand dmen supply chain:\\ here tt is the customer or demand forecast'' hich acthatc"' the 

flo"' and variations arc cxpencnced at the end sale point. order"' flO\\ backward up the suppl] 

chain: a ca c ofbullwh1p effect. 

material 
Suppl ier 

Source: Adapted from Bradley Hull (2005). 

2.2 The concept of reversed bullwhip effect. 

The classical bullwhip effect (BWE) describes the amplificatiOn of order \Oriabiliry as one 

mo,es upstream in the supply chain (Rong et at.. 2009). According to him. bullwhip cfll:ct 

occurs between retailers and customers and reverse bullwhip effect occurs between retailers 

and supplier-; ''hen retailers compete fo r scarce supply under a standard mcchan1~m used bj 

the supplier to a llocate the available supply. Rong et al. (2008) obsencd that when the 

reversed bull "hip effect occurs, it raises a panicular challenge for flexible supply chain 

des1gn. since in this case the supply and demand processe arc h1ghly mtcrdependem. In 

order to see the effect of supply variation, we mamtam base stock to eliminate l•lC bull whip 

effect (demand variation); in our case we have assumed fully refined stocks at KPC after 

\alue addnion at the refinery in ~tombassa. Svensson (2003) \Hiles that "here there 1s 

re,ersed bullwhip effect. the pnnc1ple of speculation (maintammg h1gher lc\els of 

inventories) dominates a company's inventory management of bus1ness aCll\llles to a larger 

e\tent in the mbound log1stics tlov.s (I.e. imentones are h1ghcr) than 111 the outbound 

log1stics flows (1.e. the 1mentories are Jo,,er). He further says that from the financ1al pomt of 

v1ew, the inventory cost per unit is lower upstream than down stream v.hich mitigates the 
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effects or consequences of increased variability in Lhc imcntory managcmcm upstream in the 

supply chain. 

2.3 Reprc enting reversed bullwhip 

Rong ct al. (2009) confirms the cause of re\ersed bull\\ hip cfTcct using the ~tring or whip 

metaphor. In this confirmation, the left hand stde rcprc-.cnts upstream supply and the right 

hand side represents the downstream demand. Demand vanabilit> as shown in figure 2.3. is 

represented as a vibration applied to lhe right end of the string In this case vtbrations 

(demand changes) arc transmitted v. ithout modificatiOn up the tnng. Sterman ( 1989) argues 

that demand spikes act as shocks applied to the nght end of the stnng and that thc~e sho~;ks 

amphf) a Lhey move up the string causmg bulh' htp eftc.:ct as shown in the figure bclov •. 

Figure 2.3, string vibration with a demand vibration and bullwhtp efti..-ct. 

Source: Adapted from Rong ct al. (2009 page 98). 
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Figure 2.4, string \ ibration with a suppl} hock and rc\ cr cd bull\\ lup ctTcct. 

Source: Adapted from Rong et al. (2009 page 98 

In the above figure, suppose that a shock is applied to the lett end of the ~tring (the down 

stream-supply point) as above, the wa\ e then initiates upstream and <lin pi die~ a~ it 

propagates down stream- the case of reversed bull\\ hip. 

In the Kenyan context this vibration could be initiated by power d1sruptions which impedes 

Kenya pipeline from pumping product to respect1ve depots. mtormatton about sudden but 

Impending maintenance that is going to shut dO\\n some planb or a non functional boo~tcr 

pump that reduces the now rate of product to the lir~t destination schedule. An) small 

Interruption on the product now will undoubted))' po~c the challenge on suppl) ~chedultng. 

2.4 The real life manifestation of reversed bullwhip effect. 

A simple phrase capturing the essence of re\ersed bullwhip goes as follows· 

Customers walk to a retailer's joint to purchase a product; the retailer finds that there 1s a 

shortage of merchandise at his sources of supply, retailcl"' place order., with the 

manufacturers, the manufacturers inform the retailer~ that it ts \\tlh great regret that the) 

cannot service the order. there has been an unaccounted for :-;hortages of matenal that 

pre'.ented them from producing the products to normal capacity and this shortage of matenal 

1s to persist until the next season. This information on product unavatlabllny creates pamc 

among customers. Some innate their orders so that other end point supply points are 

overwhelmed. Transport vessels are over booked. Thts supply variation picks up, demand 
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torces on the retailers force prices up. ~erial uppl) ,hock ct in. m~1lprnctice hke cheating. 

O\er ordenng become part of the supply chain. According to Rong ct al. (~00S) rc\ crsc hull 

''hip effect happens immediately after supply disruption. He :-.a):-. thnt in thl! real '' l)rld. wh~:n 
there is a supply disruption, the further awa} the company i:s from the di,ruption ... ourcc, th~: 

le~~ mformation it has about the disruption and the magmtudc of the di~ruption . 

The second example of reversed bull'' h1p effect IS gi~en by Kol:h ( 1993) and ;\1aciej ( 1996) 

about the Canadian oil production. Th1s was a fast growing enterprise with a single pipeline 

delivering oil from the fields to the market. PercCJ\ed capacity limits of the p1pclmc crl.!atcd 
\\Jdespread fear that the new oil wells coming on -.trcam \\Ould shut down. dcsplle the fact 

that the pipeline worked assiduously to increase capacity. 1 he producers· fear resulted in 

orders exceeding capacity of the main pipeline by a factor of two or three C oopcratl\ e oil 
mdustry efforts to eliminate the inflated ordering alv.ays failed (cheating was rampant). as 

d1d efforts to penalize offending shippers, attempts to allot p1pehne capacit) based on 

historical usage fai led. 

2.4.1 The beer game experiment 

The Beer Distribution Game (The Beer Game} is a Simulation game created by a group of 

professors at MIT Sloan School of Management m early 1960s to demon-.tratc a number or 
ke) principles of suppl) chain management The game im oh c:-. a simple 

production/distribution system for a single brand of beer. There arc three player~ m the game 
mcluding a retailer, a wholesaler, and a marketing director at the brcv .. ery. Each player's goal 

•s to maximize profit. The discoveries of this game \\ere that: 

i) Systems cause their own problems and that these problems an: gmdual and not 

real ized until it is too late. People concentrate on individual dcci~ion~ not 

knowing hm\ these decisiOns affect other people else \\here in the ~ystcm. ne1thcr 

do they Jearn from their m1stakes becau e the con"-cqucnces of thc1r decJsJOJb 

occur else where in the system. Consequently they blame one another for the 

problems 
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ii) Proactivity in a supply cham hould be moderated by ystcm thinking. 
Rong ct al. (2009) did an experiment on the beer game to prO\C the prc ... cncc or ab"cncc of 
the bull'' hip and re'\ er~ed bull wh1p. Thl!> ''a~ alter their conjecture that rc\ crscd bull'' hip 
effect occurs immediately after supply disrupuons. In this experiment the t.tndard tic' iation" 
of cu~tomer orders serviced ''ere calculated during the down period (.,uppl) disruptions) il'\ 

shov .. n below. The findings were that 5 1 .4~o player~ e'hibitcd rc,cr,cd bulh,hip cltcct 
during dov.- n periods confinning their conjecture that rever-,cd bullwhip ciTcct occur:. alicr 
suppl} disruptions. The symbol t beside a numb\:r ind1cate::. the re' cr:-.cd bull" IHp lor that 
panicular player. 

Table I. I: standard deviation of orders for each pla>er for the do'' n period: 

Down 
periods 
only 

TEA )'I 
R \V D M 

1 0.00 29.17 16.12t 11.10 
2 9.81 28.54 9.76+ 2.07+ 
3 7.55 33.27 19.84t 6.58+ 
4 7.38 5.56t 8.77 3.11+ 
5 11.98 11.21 t 21.65 8.22+ 
7 23.56 13.36t 12.14+ 5.81 + 
8 12.95 7.16+ 5.74+ 4.79+ 
13 8.38 5.85+ 10.66 8.58+ 
14 2.21 1.99t 1.86+ 2.07 
15 12.56 45.43 28.65t 14.28+ 
16 29.75 18.48t 7.77t 5.07+ 
17 18.62 38.95 40.49 9.62+ 
18 8.17 8.46 12.46 10.90+ 
19 10.53 8.26t 23.98 8.55+ 
20 3.19 3.78 3.35+ 2.06+ 
21 6.04 4.64+ 5.52 1.21 + 
22 4.64 23.16 18.87t 8.28+ 
23 22.72 12.90+ 21.73 5.73+ 
~lEA~ 11.11 16.68 14.96 6.56 

ource: Rong et at. (2009 page 96). 

Where R represents reta ilers, w represents wholesalers; 0 represents d1stnbutors and M 

~1anufacturers. 
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2.5 Capacit)' 

Capactt) is defined as the maximum quantity of a product that a finn can produce in one 

planning period (Budiman, 2004 ). :\a> lor (2002) note~ that in operation rnnnagcrncnt. 

capacity is used to descnbe both stocks and flov.~. According to Da\ id (2000) ~upply 

\ariability may be due to machine reliability and or product quality problem .... According to 

Rong. Snyder, Zuo-Jun (2007), when the supply chain unccrtaintie" pcr~i~b. the capacity 

le,el is a key piece of information to help retailers make order deci..,ion'> ami ... uppllcr ... make 

supply decisions. They say that in the case where total order.., rccctved b} the '>Uppller exceed 

its capacity, the supplier appl ies a proportional allocation rule. '' l11ch accordmg to ( achon 

and Lari\ iere ( 1999) is to convert an infeasible set of orde~ mto a feasible ullocation that ts 

based either on past sales or a fixed a llocation. Budtman (2004) explains that adJusting 

capacity may be less costly than holding inventory parttcularly if one is taking into account 

the risk of obsolescence, cost of holding inventory including interest, and the benefit of 

ha\ mg flexible supply afforded by capacity. According to him. for a ~uppl] cham to be 

effective. sharing forecast information should be accompanied b} optimal production and 

capacuy planning. Companies that trade in fast movmg non perishable product... need to 

enhance their storage capacities. The operation strategy conductve for such a product ,.., make 

to stock since obsolescence is not part of the cost of holdtng tmentory. I he concept of 

platfonn manufacturing needs to be employed in the oil sector loading gantry In tim 

strategy, the gantry loading arm set up is such that it is very flextble for any loading vessel; 

that is bottom loading, top loading, loading valve reduction and metered loading volume 

control. Capacity enhancement strategies like tanking. pumping. i.lnd ptpcltnc set up net:d to 

reflect the demand supply balance based on rational market demand proJect tons. 1 he tndustry 

playen; need to analyze the economic and operating factor~ that inf1uencl..' mvcntory levels 

and defme the relationship patterns between inventory and pncc lcvcb \\ tth the intcnllon of 

creating a steady state. 
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2.6 upply chain tructure. 

uppl) chain structure mfluences the nature of the ,uppl) chain acti' itic,, th~ cnici~nc) and 

eflecti\eness of the supply chain and relationships with other member' of the cntm! supply 

chain. Ting, Kilduff and Gargeya (2009) identify three types of :;upply chain structures. lean, 
ag1le and h)brid. 

2.6.1 Lean tructure. 

A lean supply chain structure is organi7ed to maxim11c operational cl1ic1cncy and minimize 

overall cost. Typically lean organiLational arrangements 111 a supply cham arc used for higher 

\Oiume product lines that have stable demands and standardized technologiC">. 

2.6.2 Agile supply chain structures. 

Th1s is organized to achieve flex1b1hty and :;peed in respondmg to dynam1c market 

conditions and customer needs. These arrangements arc used for lov.cr \olumc product lines 

subject to more uncertain demand and innovative technolog1es ('\a) lor et al.. 1999). Tmg ct 

al.(2009) says that flexibility is reflected m the foliO\\ mg d1mens1ons:-mpid dcs1gn changes. 

Rapid volume changes. offer broad product \ariety. adJust product m1x <.JUickly, ofTer large 

number of product features, timely and correct product delivery. 

Collin, Eloranta and Holmstrom, (2009), define responsiveness as being able to fill orders 

quickly. According to Budiman (2004 ). until recently. h1gh respon!'>l\ cncss to consumer 

demand could be afforded by having sufficient suppl) in the form of mvcmory of products. 

However companies are finding it more difficult to meet mcrcasingly persona II Led consumer 

demand by using inventory alone. According to Collin el al (2009). the strategy of mvcntory 

stockmg used by Nokia management at the tum of the millennium led to 1mcntory creep. 

causmg costs and obsolescence nsks to :;oar. 

2.6.3 Hybrid : 

A hybrid supply chain structure combines the agile and lean. It has abo been referred to as 

leagile supply chain structures. The loading gantries need to accommodate both bottom vahc 

and top valve compartmentalized loading trucks. 
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C cnain supply ch<1in structures an: more appropriate, gi .. en the paniculur charucterbtics of 

the busmes!) em Ironment, and therefore supply chain tructurc .. implemented should be 

ahgned "ith compctttl\ c priori tic!) on \\ hich the firm i) focused. 

2.7 Information flow 

Information sharing refers to activities that d1stnbute useful infom1ation among multiple 

entities (people, systems or organiLallonal units) m an open environment. According to Sun 

and Yen (2005} the follo\ving quesuons are considered in infonnation sharing: What to 

share? Whom to share \\ ith? H O\\ to .share? And when to shard I r these quc!)tlons arc 

answered correctly, then mformation costs on the suppl) cham \\til be reduc<.:d. supply chatn 

will be more responsive and information overload or detic1enq \\Ill be clumnatcd. l·or 

supply chain information to flow smoothly \\C need tcchnolog} to produce. manipulate. 

store, communicate and disseminate mformation. Fawcett, Osterhaus, \1agnan, Brau and 

McCater (2007), explain that information technolog) plays a central roh! m supply cha1n 

management. It enabks companies to collect, analyze and d1 ssem1nate mfonnauon among 

member) of the cham to improve decis1on making. Equally we need functiOnal connecthity. 

The unfortunate reality from the suppl) cham v1ew pomt 1s that busme!)scs regard 

information as power, not only is 1t withheld but it is often deliberatl!l) distorted so as to 

mask the true intent (Mason-Jones, aim and Towill, 1997). David (2000) wntcs that wh<.:re 

·functional silo' exists between and Within orgamLauonal supply chams, then: 1s less concern 

about the potential adverse effects of the 's1 lo pohc1es' else \\herem the suppl) cham. 

Bradley (2005) suggests that information friction IS reduced by bar codmg, the internet. 

El<.:ctronic Data Interchange, point of sale systems and Enterpmc Resource Plannmg 

S)Stems. He hov.e'>er notes that technology does not ehmmate distortions or 1denti f) good 

mformauon to nov. routes. Bradley (2002) suggests that bullv.h1p eflc~t and rc,ersc bu!h\h1p 

cfTect can be dealt v.ith through an mformallon push and pull and umely sh1ppmg 

scheduling. Information push described here is the d1sscmmation or diffus1on of information 

m a timely fashion among the supply chain elements, while mforrnation pull 1s the relevant 

informauon and data gathering about demand. capac1ty and log•sttcal constr.unts 
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2.8 Bu inc procedures and regulation 

Regulauon IS controlling human or societal beha\ ior through n ct of ruJe, or rc triction~ . 

Regulation can take many fonns legal re tncuon~ promulgated b) a go,cmment authority. 

self-regulation by an industry such as through a trade as. ociation, social regulation (e.g. 

nonns), co-regulation and market regulation. One can con~ider regulation .1-. ucti<Hh of 

conduct imposmg sanctions such as a fine. Busmcss regulation can be: t(mnulatcd in to 

procedures or policies. Where safety b concerned. parking. loading and di-.pateh can be 

restncted to spcci fie times. In the oil mdustl) for example I otal Kenya Ltd has a ... afety 

regulation that bars its loaded or empty trucks from traveling bctwc~:n 6prn uml 6am. Inc 

effect of this is that delivery lead time is likely to be adjusted duc to th1s bus mess policy. 

Policies and procedures lengthen the supply chain b} creating another Ia) er \VIIhm the \aluc 

chain. Other policies can also reduce the delivery lead t1me. Some compamc ... requm: client~' 

orders to be SCf\ iced \\ ithm 24 hours of order placement or payment depending on the trade 

arrangements. 

2.9 The benefits of an efficient supply chain. 

Cox (2004) note that compamcs that are able to manage their long tenn bu-.mcs~ 

relationship b} craftmg mutually beneficial suppl} chams nom1ally h:.t\'e high global volume. 

regular and standarditcd (predictable) demand and suppl} requirements and low S\\ Itching 

costs. The primary objective of supply chain management is to fulfill customer demands 

through the most efficient usc of resources, including distribution capacity, Inventory and 

labour (Bradley, 2005). lie further argues that by companies carefully selecting among all the 

options (rapid response, capacity adjustments, least cost approach and a combmauon or all 

these), a suppl} chain can be tailored to ·fit' the phys1cal and market need-. or the spccitic 

products It moves. E:.ITecuve supply chain seeks to match suppl) With dcm.tnd. W 1thout an) 

spec1fic effort to coordinate the overall suppl) cham. each organitauon 111 the -.upply cham 

has 11 own agenda and operates independently from the others (functional sdo-.). such an 

unmanaged network results m mcffic1enc1es (Da .. id. 2000). Howe\cr r 15her ( 1997) sa)'s that 

supply cham cannot cope with e\eryrhing and therefore compamc:, need a framework for 

d~1gning supply chams accordmg to different product charactemuls -\ stable supply cham 
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re<>ult:, m rational price nuctuauons and re\ enue:, arc predictable. Lean and agile :-upply 
chains result in responsi\ e and cost eflcctiVt: :,upply chains. 

In situations of supply disruptions ordering malpractices like cheatmg on capacity, strength 
on sales, tend to amplify up the supply chain. This snarl up of orders creates a backlog \\htch 
lunher strl!sses the capactt) of the supplier. Just as Thictart and Forgul!s ( 1995) suggest that 
th~ ·butterfly effect' (le a small \ariation at one point may cause a large \ariation ofthe 

''hole system) can cxtst m organllatton .... so too can small di,ruption be amplified b) the 
trrational decision makers withm a suppl) chain. Rung et al. (2009) therefore suggests that 
studying human beha' ior under sttuations of disruptions is important. The most mamfest 
dtc;ruptive influence of reverse bullwhip effect is seen in sudden product price increments, 
soaring supply costs, and poor relationship between the supplier and the customer. Collin et 
al (2009). say that the imperattves that currently guide the design of :-.upply cham arc 
pnmarily cost reduction and fast dell\ery, recipes rooted in the realm of operations 

management. 
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Cll PTER THREE: RE EAR II METHODOLOGY 

3. 1 Introduction 

Kothan ( 1990) defines research methodology as a way to s} stcmaticall) soh~ the research 

problem. 

fh1:, chapter presents the research design and methodology to gather and anal) '/C data lor the 

propo. ed research prOJCCt It mcludes the population or stud). the sampl-.:s to bt: studied, thc 

l}pe of data to be collected, method of data collection and analysb. 

3.2 The Research Design 

The researcher used case study. In explaming what a case is. Yin (I 9R4) notes that the term 

ca e refers to an e\ent. an entity, an md1\1dual or C\en a unit of analysis. Case stud) ban 

emp1rical inquiry that im estigates a con temporal"} phenomenon '' ithin its real 11 fe context 

using multiple sources of evidence. Anderson ( 1993) sees case study a'> being t.:oncemed with 

hO\\ and \\hy th ings happen, allowmg the inve t1gat1on of contextual rt!aliues and thc 

diOC!rences bet\vcen what was planned and \\hat actually occurred. 

3.3 Population 

Mugenda and Mugenda (2003), define population as a complete set of indl\-lduals. cases. or 

objects v .. ith some common obser\able charactcnsucs KPC has 7 depots across the country 

m \1ombassa. l'\airob1, i\akuru, Eldorct and Kisumu. The other t\\O depoh arc designated f(>r 

Jet A- I fuel and arc located next to Jomo Kcnyatta International Airport m mrob1 and M01 

InternatiOnal Airpon at Mombassa. All these depots have s1mllar policy practices. busmcs'> 

regulations and procedures. The Jocat1ons of these depot support the 1dea of Sharrnan ( 1984) 

that customers' orders are allocated to the product suppl)' at the order penetration point. 

21 



3.4) ampling and ampling frame. 

Kothan ( 1990) defines samphng frame as the source list from \\ hich sumplc-. are drU\\ll. It 
comains the names of all the nems of a Unl\t!N!. Thc~c dcpoh arc ~1ombassa, Nairobi. 
'\akuru, KI">Umu, Eldoret, JKIA, \11A. 

3.5) The sampling design 

Purposive sampling was preferred and in this ca ... c five dcpob of ~tumbassa, Ki ... umu. 
'\akuru, Eldoret and jet depot tn JKIA were chosen. The justification v.us to gather data 
about supply operations at the source and the middle of the suppl} chain. Patton ( 1990) 

argues that the purpose of purposive sampling 1s to choose a set ot people or objects 
(artifacts) that may not be the most representative of the overull population but will be best 
prepared or most appropriate to provide the data needed for your ~tudy. The researcher 
mterviewed KPC operauons managers at \11ombassa. JKIA. Kt.,umu and Eldon!t depots. 

3.6 Data collection 

Pnmary data collection was done by the researcher usmg a structured que!'!!lonnairl.! tn order 
to get brief but objective data. 1 he study required 5 questionnaires to be admtntstcrcd to the 
Identified personnel. The questionnaires were sent at least t'-\0 days to intcn IC\\ s scheduled 
date. The questionnaire included open and closed ended qucst1ons. The qucstionnam.:s \\Crc 
destgned to capture both qualitative and quantttati\C charactensttcs of the KPC tac11tllc:-.. 

3.7 Data Analysis 

Data gathered was verified for accuracy. conststenc} and completeness Data collected \\aS 
coded and analyzed using the statistical analysis tool known as Statistical Programme for 
Social Scienusts (SPSS). Using this method, frequencies of responses from n: pondcnts were 
analy-zed and interpreted to give the resu Its of the study. The nature and csauses of de\ iation 
bet\o,een the expected and the actual performance at KPC depots wa.., abo computed and 

tabulated. 
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CHAPTER FOLR: DATA A~ _\L \ _ I. , PRE:ENTATIO' ,\,0 

Dl CL 10 

4. llntroduction 

h1~ chapter presents the anal}::.t~ of data gathered. FiH: que:-tionnairc \\Crc cnt outlo the 

opemuons manager') tn fldor~t. Kt-.umu, 1\:akuru. JKIA nnd ~1omba 1. All the 

que uonnaires \\Crc recct \Cd back from the intended respondents indicating n rc:-.pon:-.c rate 

of IOO~o. 

4.2 The causes of reversed bullwhip effect on suppl)- chain of KPC 

4.2.1 Capacity 

The study sought to find out the factors causing reversed bullwh1p effect on the supply chain 

of KPC. The main cause identified was capactty challenges of KP( and the effect 

gO\ ernment invohemcnt through KRA. Capactty was stud1ed at l\ .. O beb -.torage f,tclllllc:-. 

' 1s a' is uttltLation facil1tie::.. Storage capac tty \\as a major challenge ,tllhe do'' n-.trc.un le\cl 

due to madequate pipelines supplying the upstream torage faciliuc-. . All the fhc rc pondcnb 

ackno, .. ledged that line extension would reduce the capacity challenges. I he combined 

storage dov.n stream was 703,533 metric tones against the upstrl!am utili1ation of the 'even 

depots of 323.293 metric tones, this represented only 45 97%. Thi implied that whereas the 

dov.n stream storage always had product, the flow of thts product to end :-.ale point:-. was le ... s 

than half often causing supply variation at the upstream end sale points. 

There are three lines I, 2 and 3 with a pumping capactty of 880m3. 220m3 and 140m3 per 

hour respectively. On overage the pumping rate i5 500m3rhr \\ 1th a ma\unum purnpable 

volume of 12000m3/hr. It takes an average of 3 days to pump product to l\a1rob1, Ktsumu 

and Eldoret while the lead time of servicing customer orders rccctvcd b)' KP( 1~ 2 days. 1 h1s 

tmplies that addressing reversed bullwhip effect immediately after a :-.tocl-. out \\Ould rcqu1re 

a lead time of 5 days assuming no further disruptive influence!) of equipment lailurl! fhe 

longer the lead time of dell\ery, the more likely disruptiH! mflucncc of -.upply d1sruptton. 

Another capac1ty challenge analysts was done bet\veen the upstn:am storage and upstrl!am 

utilization. This was meant to assess the loading ability at the n.! pecth c depots if the storage 

tanks are full. The storage was compared wtth the a\eragc daily throughput of the 
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corresponding gantric.... Standard de\ iation was calculated for the d1ffercnce The tandanl 

de' iation h 'ery wide as .... ho'' n in the table bclo\\ . 

U stream _ Loadin.s_gantr}' 
Capacity 

Difference 
in 

Stora e m3 
Mombassa 99109 
JKIA 100580 
Nakuru 30553 
Kisumu 45068 
Eldoret 47766 

Mean 64615.2 
Standard 
deviation 32823.4 

daily 
in m3 
3.7 
5 
2.5 
3 
3 

3.44 

0.97 

through put 

99105.3 
100575 
30550.5 
45065 
47763 

----j 

64611.76 

32822.6 
This 5hov.s that the loading gantries have no suffic1ent capac1ty to push out the entire product 

at the end ale point (upstream storage) ~ere the tanks to be uh'a>' full \\.lulc the 

respondents agreed that additional gantrie:. rna> not be the !>Olution. they indicated that the 

current one:. need speed adJUStment to improve on the throughput. lhc~c 'ariations sho\\ that 

supply chain is a no'" concept and any impediment to th1s flow at ''hate\ er lc\ el affects lh 

availability in place, time and quantity. The last capac1ty comparison ''as done for the annual 

orders compared to the annual loadings for all the loadmgs m the ..,eJected depots 1 h1s 1s 

~ho''" in the table below. 
---, - ,---

DEPOT ANNUAL ANNUAL -
ORDERS LOADINGS 
{M3) l.M3) 

Mombassa 923467 734,567.00 

JKIA 11123789 898,890.00 

Nakuru 497,456.00 699898 

Eldoret 789768 567,305.00 

Kisumu 901567 663,504.00 

TOTAL 4438489 3,361 1722.00 

MEAN 887697.8 672344.4 
STO DEV 159741.87 155637.35 
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UN MET j% UN M_E_T ____ _ 
ORDERS 
(M3) --
188,900.00 

224,899.00 

202.442.00 

222,463.00 

238,063.00 

1,076. 767.0 0 

215,353.40 
19518.44 

ORDERS m3 

20.46 

20.01 

28.92 

28.17 -----
26.41 -----
24.26 ---

24.794 
4.26330036 



In eflicient condition~ the c" icc rate of ordc~ i .... uppo cd to be 100° 0 o that there arc no 

unmct orders in order to c\cecd the cxpc~tation of customers. A confinncd b) the rc uh 

the pcrfonnance of the factht) a-. measured by order procc ing i an 3\ t'rage of 75° o. I hb 

tran:>lates into lo:-.t -.ale:-. ol 25" ) Gi,en that nc\\ order enter into the ) tern on a dail) oa,i .... 

the annual cumulatl\ c lo ... t ... atc:s in unrnct order b sub-.tantial. 

4.2.2 Information 

The study sought to find out ~ hcthcr extent or information flow is a factor cau-.ing the 

reversed bullwhip enect m the supply chain or KPC rhc communication gadgets used 

mcluded t\\0 way rad1o calls and IP Phones. For external cu')tomer:s email and mobile phone 

usage \\ere the means of relaying information \\llh occa-.1onc.tl letter\\ riling to custmm.:r-.. 

The letter., took less than one hour to deliver. The company abo u:sc ... the German ERP .soft 

ware of SAP \\ h1ch 1s real t1mc to access customer trading accounb to munilor the 

transactions. Of the 5 depots 3 md1cated having monthly operational meeting ... \\ ith 

cu.stome~ for briefings on operational 1ssues. the other two depot!> indicated meetings arc not 

d1anzed but held as and when need an es smce email and notice boards rda)ed the 

operational 1ssucs to the customers most of \\hom are housed ''ithin the premises of KPC 

The results howed that oll marketers the KPC customers do not share :sale" data w nh thc1r 

... upplier the KPC. KPC therefore relied on ::,cheduhng mstruction from their customer~. All 

the respondents ind1catcd that there arc no delays m rece1vmg scheduling in..,trucuon .\lithe 

respondents indicated that no complamts had been recei.,ed from customer.., because of non 

communication. Information was therefore not a major factor causmg the rcvcr~cd bullwh1p 

effect in the supply chain of KPC. 

4.2.3 Supply ch a in structure 

Supply cham structure \\as also studied at two le,els, at the dov.n stream and at the 

up:,tream. At the dO\\n tream storage tanks are located in K1pc\u. Rctincry and Mo1 

International a~rpon. The structure here is conce1\·ed of as the tank mg. p1pchne network and 

buster pumps located at strategiC pomts along the pipelme These boo'tter pumps are located 

at Mombassa, Samburu. Maungu, Mtito Andel. Makmdu. Kon;a and ':11rob1. All the 

respondents indicated that the location of these boosters IS com ement based on the d1stance 
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to ''hich the product is to be pumped. Jlo,,e .. er all the rc pondcnt indicatt.-d that there b 

need for additional ptpehnes to funhcr irnprO\ e cfficicnc) of the pipeline. 

I he second lc\ cl of srudy was at the up:-.tream "hl!rl! the order procc~~ing ,,a.., con ... idcrcd. 

The study -,ought to knO\\ how the ordcr:-t rno\t! "ithin the chain, hO\\ the loading 'c ... ,cl' 

(truck!.. trams) move '' tthin the loading gantries. The rc ... uh hO\H'tl that there j.., a 'tand.ml 

procedure of order mo\ ements It ''as dtsco' ered that orders from the cu..,tomcr... :m: rccci\ cd 

b) the ptpehne coordinator; Ptpccor. then mtroduccd into KPC ')..,tern by Ptpccor. Order ... arc 

then recctved into KPC system at fuel fax where fan ttckcts arc gencratl!d agamst the 

products on order, verification of order capture is done before the order is fomardcd to the 

loading gamry and assigned truck called m. Rc\crse logtsllc!'> at thts k\d was cornpll!x as the 

customer cannot access his. her purcha e order except through pipecor. Timdy l!rror 

correction therefore depended on the speed of the coordmator. Pipccor. For truck mo\ cmcn1s 

it ''as disco,ered that each gantry has three product 1 lands with \'a f) ing numbers of loading 

anns. There are isolated islands for spcctal loadmgs for truck-; with loot valves I hts 

structure poses no challenges on the supply chain. however the requirement that all orders arc 

booked at Kenya Revenue Authority(KRA) before queumg at KPC and clearance at KRA 

after loading at KPC has brought m mefliciency in the ~upply chJm. 

-'.2.4 Other factors 

Lsmg the hkert scale the respondent<, '"ere requtred to indicate thc1r lcvd of agreement or 

dtsagreemcnt wi th factors shown overleaf. The liken scale v.as only to capture qualitative 

data. The responses indicated varied opintons on the factors causmg reversed bullwhtp effect 

on the supply chain of KPC. 
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STD 
FACTORS Mean DEVIATION 

Regulatory bodies like KRA delay order orocessing at KPC 1 0 

If daily load1ng time can be extended, KPC can have zero 
un met orders 08 045 

KPC loading facilities are fully utilized 0.4 0 55 

Adding other loading arms/gantnes will increase capacity 04 0.55 

Compliance bodies like SGS, Pump Inspection services 0.2 
delay order processing at KPC 0.45 

There 1s space for extension of loading arms/gantries 02 0.45 

Business procedures of customers delay order processing 
at KPC 02 0.45 

Government safety policy on KPC delays order processing 
t1me 02 045 

r rom the table abo"e table it is evident that regulatory bod1cs like KRA del<~> order 

processing. All the respondents agreed that KRA 's presence m the system contnbutcd to 

Jela)s of order processing. fhe presence of KRA \\as pcrcci\ cJ of a~ another time 

consummg process further dela:y mg. product mo .. emcnt ulong the suppl} chain. I he 

n: pondents agreed that tf loading ume can be extended then the unmct order~ t:an be reduced 

.. ignificantly. Equally all the respondents agreed that as at now udditional gantnes would not 

1mprove significantly the capacity challenges. Three of the respondents agreed that as at no\\ 

KPC upstream storage facilities arc not fully utilized. Howc\er busmess procedure~ of 

t:ustomers, the government policy on safct} and the presence of compliance bodies had \CI) 

llttk dTect on supply variation. 
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CHAPTER FIVE: . L \11\1.\R\ OF TilE 

CO"CLt: 10"\ .\:\0 RECO~IMF,O .\TION . 

5.1 urn mary of findin gs 

I he obJectl\c of the study wa~ to lind out the underlying cau-.c ofrc,cr-.cd bull\\lllp clfcct 

on the supply cham of KPC. The study \\lh to find out the extent ul c.tpacll} utili:tation and 

liS 1m pact on the supply chain of KPC. to find out the suppl} cham 'itntcturc~ of KPC. to lind 

out the extent of busmess mlonnatton flo" bel\\ecn the members of the supply cham and the 

cOect of government pohctes and company business procedures on the supply chain of KPC 

\ case study was used and data gathered through <.,Cml structurcd qucst10nnaitc conducted 

through in ten JC\\ s. The re pondents ''ere KPC depot opcrattons m.magl!r!'l at the dcpot m 

Mombas a, JKIA. 1\al,.uru.Ktsumu and Eldoret. Data analysb \\as done U!'Jing the St.tttstical 

Package for Social scientiSts, SPSS. 

fhe findings shov, that lack of ptpelme capacity is the major cause of .. upply variation in the 

:-.upply chain of KPC. Respondents indicated that the presence of KRA within the supply 

cham particularl:> at the order processmg level greatly contributed to the delay of order 

processing thereby causmg suppl:> vanallon. It was al o found out thut capacll} enhancement 

''as ncces ary at the down stream supply facilities. 1 he research find111gs also mdtcatcd that 

1f the daily loadmg time can be extended. the dati> unmct orders can be reduced and 

therefore supply variat1on controlled. 

I he research found out that the supply chain structure of KPC has two lc\Cis, the down 

stream supply chain structure and the upstream suppl) structure. The upstream suppl) cham 

!)tructure was complex and agile but could allow order loss for products requinng test 

certification like exports Jet. While the dO\\ nstrcarn supply chain structure \\US lean. 

flo'' C\er the respondents satd that the suppl} cham structure was not u major cau-.e of supply 

\ariabtlity. 

The research found out that business procedures of customers, government safety 

r~--qu1rements, the presence of quaJit} compliance bodtes and extent of busmess mformauon 

llo\\ among the supply chain clements had no significant effect on the suppl:> cham of KPC. 
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5.2 Conclu io n 

From the research finding:. it can be t:oncludcd that c.1padty con traint!> ut KPC i the main 

~ause of supply variability in the suppl} chain of KPC. lncr\:a ing pipeline net\\Ork and 

C\tending loading time '"ill reduce suppl} variability. \\'hill! a\ ail able literature indicate th.u 

tnformation sharing among the supply chain clements, busmess procedures of customers and 

the supply cham structure of the suppltcr cau e suppl)' 'anation, in this research it \\as 

di,CO\ered that these ha'e \el)' httle or no ignificant efi'cct on thl! supply chain. 

5.3 Recommendations 

With the C\Cr gro,.,.·mg demand for its sci"\ 1ce altemauve storage facilities strategicall} 

placed and enhanced p1pclmc neh.,ork need to be a pnOnt)' imc~tmcnt lor KPC. While 

p1pehne transport is relatively safer compared to other modes of transport like road transport, 

the lead time for product dcl1\ery to the furthest end sale point is considerably longer KPC 
needs to explore other faster and economical means of dch\enng this product in record time. 

Equally the government needs to minimite its intervention in the supply chain of KPC to 

ensure no delays of deliveries to customers. An efiic1cnt suppl) cham ensures just in ume 

'upplie!. and this ensures seamless operations. 

5.4 Areas for Further Research 

The study considered reversed bullwhip effect on the supply chain without value addition 

along the chain. In order to further understand the reversed bullwhip cfi'cct the study 

rt.-commends future research on rever ed bullwhip eiTect as a result of value cham. In the 

Kenyan contex t this could include refinmg and stomgc allocation for imported product. 

Rc,erse logistic is a normal supply chain problem. funher re5earch 1s needed to understand 

the extent to which reverse logistics cause reversed bullwhip efl'cct. 
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Appendh 1 

QL E TIONNAIRE 

RE EARC H TITLE: TilE f"AC'IORS C \LSI'\G RI~VI RSI D BULL\\IIIP l·lli·C'I 

0\ THC SLPPL Y CH.All\S \ C \ [ 5 IUD\ OF KENYA PIPI~LI:-\ E CO\IPANY. 

ReH:r-cd bull\\ hip etTect 1~ the ·uppl) 'anation a~ onemo' c dO\\ n the suppl) cham. 

Plea~e m~en a tick (\)or fill in the appropriate re~ponsc in the pace pro\ ided. 

Part one: 

The viel>\S of KPC operations manager on the suppl)- i sues at KPC 

1 Bio data 

I) Your name ...................................... . 

2) Sex Male Female 

1) \arne of your organizatiOn (optional) ...................... .. 

4) Po~1t1on title............... . . . .. .. .. . . .............................. .. 

5} Hov. long have you '' orked at this depot? ................................. . 

ii. Capacity of the supplier 

I Kindly fill in the table below for tank capacities 
-----· --

MOMBASA~!9 __ RA_GE ____ __ UTILIZATION 
TANKS 
VOLUME 

DEPOT 
STORAGE 
MOMBASA 

TANKS 
VOLUME ---------··------ ---t 

-···- -----··---
NAIROBI 

.=:===-~~--------==-=··--!-- J ~~~~0u ~---· 

....___··-----------·-·- I ELDORET ;-I ___ ........ , 

TOTAL . -- TOTAL _ -'] 
2 Arc there occasions'' here these faciiities are idle because 011 markctel"> ha.,:c not 1mponcd 

fuel'' Yes c o o 

3. If yes, how many inc1dences were recorded in the year'? 

2008? ..................... . 

2009? ................... . 

4. What are the challenges associated \\ 1th pumping the product to rc pcctivc 

destmat1ons? ................................................................... ............................................................ .. 

········································································································ 
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s Kmdl> fill in the table below for the combined indU"ili) impon nnd wale for 200~ and 
2009 for all the oil marketers 

Ye 
I imports in industry sales in metric 

ar tones Variance . metnc tones - . 
20 08 

20 09 

6 What caused the variances? ..................... ......................... . 

7 On average what IS the flow rate of products pumped from Mombasst~'! ....... 

~ What is the ma-ximum pumpablc \Oiume'?.. ....................... .. 

9. HO\\ long doe It take to pump product from ~lomba..,~a to 

:\airobi .. ? ............... '\akuru? .... .... ..... Eidoret?......... K1..,umu'! ............. .. 

10 Kindly mdicatc the number of loadmg gantnes and thc1r combined through put~ 

Depot __ 
Mombassa 

no. of loading 
gantrie~ Combined throughput 

ll. ls there enough <:;pace for adjustment of storage facll111cs m your depot'! 

Yc~ '-.o .::J 

12. What were the combined annual orders and load1ngs m volume for all the oil marketers'! 

·· selected .....__--I 

Year 
Annual 
orders 

Selected 
Annual 
loadings 

2008 i ,--

variance 
explanation 
variance 

--i __ i___ --y 
------·----------·---····---· ·---·----2009 -, 

13. Do you have reserve tankslpumps, when are they used'? ....................... . 
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14. !low lle.'<ible are )OUr loadmg 
. ' ) operatiOn!'. .................................................... ...................................................... .. .. 

i)Time taken in "itching to a diflercnt product. . ............. .. . 

ii)T1me taken m '"itching to a difl'crent tank .. ..... .. 

iii) On a\ eragc how long doe!) it take to load a I 000 liter~ truck? .............. .. 

I\ ' ) Can the loading '>peed be adju~ted for any product'? Yes '\,o J 

15. Indicate "hcthcr you strongly agree, agree or strongly disagree or d1sagree with the 

follov .. ·ing statements. Put a uck. 

Strongly Strongly 
Agree Agree Disagree disagree 

Compliance bodies like SGS, 
I Pump Inspection services delay 

order processing at KPC 
There is space for extension of 

1 loading arms/gantnes 
' Regulatory bodies like KRA 

delay order processing at KPC 
Busmess procedures of 

\ customers delay order 
processing at KPC 
Government safety policy on 
KPC delays order processing 
t1me 
KPC loading facilities are fully 
utilized 
If daily loading time can be 
extended, KPC can have zero 
un met orders 
Adding other loading 
arms/gantries will increase 
capacity 

' 16. What 1m pro' ernents would you hke to see m the operational acm I tiC'> to further lac dilate 

operational 

cffic•enc)'! ........................................... .. ....... ................... ... .... ... ......... ...................... . .. 
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Information 

I. What mlorrnation technology doe~ your compan} use to d1~seminate mfonnauon to your 

customers'> .................................................. .... ........ .. 

2 HO\\ fast 1s th1s techno log}? Les than I hr o. ~1ore than I hr o 

3 Do your customers share with you the1r sales data to guide you on dell\ ery organiLauon'! 

Yesc l\o 

4. How frequent do )OU communicate \Vith your customers on operational 

ISSUes? ......................................................... ........ ........................ .. ........... . 

uppl)' chain structure 

I . Please bnelly descnbe }Our suppl} chain structure (ho\'. do the orders move before final 

dell\ Cl) }'> . . . • . . . . • . . • . . . . . . . . . . . • . . . . • . . . . . . . . . . ••. •...•....•....••. •...............•........... 

2. What i5 the lead tunc between receipt of orders from customers and loading or the 

orders'"> ................................................ ........ ........ ............ .. ... ... ........ ..... ... . 

3. Bncll} describe the locations of loading gantnc~ for products loadmg'? 

4 . Ho\\: comcnient j, tht! location of booster pumps based on the d1stance to which the 

product i~ to be 

pumped ·· ·· ··· ·· ··························· · ........ ..... ......................... .... .. ...... . 

5. \\hat guide-. your decision on product scheduling to respecll\ c depots country 

''ide'! ........... ... ......... ......... .. .................... ............... ........ ...... ...... . 
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