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IMTRODUCIIOy. 

The ENCI  (Eerste Nederlandee Cement  Industrie,  First 
Netherlands Cement Industry) in Maastricht 
Netherlands,  is a cement producing industry.  îhe main 
raw material (Calciumcarbonate),  aui; off the 
St.  Pietereberg.  the process turne  the »ari into 
Cortland- or mei ting-furnace cement. 
the company employs about ...cQO «en,  oi which 550 »en 
are working in tha maintenance department. 

Product on capacity: 
Portland cement : 1.500.000 tons/year 
»mlting-furnace cement    i     700.000 tons/year. 

In 1967 we decided  to undertake - with the assistance 
from Organisation Bureau Maynard - a, complet« 
reappraisal of the inventory control system &nd of the 
finaneiai implication* of the stocka on hand, fhe 
inventory consists mainly out of items that are ne««»« 
far the maintenance of the »can« of production. 

Ve felt that the existing system of invent«!? ©oatrol» 
baeed on "play for safety in *U caaes«, wat in »any 
respects inadequate to »set economic requirement«. 
Buying and stock holding on an a»»ortm«»t of ite»» 
swans an investment. Hot enly th« interest of tma 
invested eapitai ia lo»tf «took» aieo leads t© 
storage- and administration coata, therafof© it ie 
wrong to charge only 6 per cent loa» of interest lot 
investments in stocks. 
Hi« investment ha» no returns. 7h« money that will 
become available fey buying !••• item» w©uU 
undoubtedly not ba put in a bank at 6 par ©ant 
interest, but should for example he used far the 
procurement of production machines, resultimi in a 
10 - 50 pet? ©ant profit (netto). 

«team IM^_HMIHMH¡ •sma 
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Ali atock-iteas were treated  the suae wuy concerning 
registration,  reordering arid such-like. We were 
convinced that this leads to spending too much time on 
le« important items, or too little time on important 
iteas,  thus unnecessarily increasing costs. 

fllUHîlflill'fffî 

Our new inventory control system contain** the 
following aspects, characteristic for an inventory 
control aysteas 
I* Inventory costs. 
f« Stookout costs» 
1, intarlai classification. 
4. Ordering decision rules. 
§• Oriti levai and orda* fnantity, 

appasta will be treated in the following 

•a     iwrny ooa*a. 

inventory costs ara the coste as a reault of 
maeplng aa itea in stock. Mora epecifioally we will 
**al with three coat ekernents: 
l* Jltf ff iiBìirilì   *»• l08a of intereet should be 
•fual to the rate of return on invested capital whioh 
eould be Vj to 20 per cant* We chose 15 pat cent fat 
mm calculations. 
*• fixed inventory aoata» Theee coats ate Independent 
of the sise of the steaks of Me individual itema. 
They inaluda s 
Administration, guarding 

and issuing ordere: ± le p.c. of the aita of the 
total steaks 

feraoanal ana tools in 
warehouses! g L¿ p.c. • 

fotml «      3 p,a, a 

waÊÊk 



By "issuing an order" we mean all activities required 
for one single replenishment; these activities include 

e.g.: making out, typing, copying, sending out and 
filing an order form, inspection after reoeipt and 
invoicing. These cesti; can be computed by dividing the 

total costs by the total number of orders« they oould 
PT on'pr 

be / 15 to / 20 { / stand for Dutch fiorini 11« 
3,6 / ). These costs are dependent on the »o. of erte*» tmt SA« 
-within limits - on the order sises (stools)« 

3. Tifila« twftlwar 99*ta' «i«8® oosts are dependent 
ôf the sise of the stocke. They Includes 
Itturanoe stocks : 
Insurance warehouses : 
Depreciation warehouses : 

Maintenance warehouses : 

Heating and lighting s 
Déprédation stocks : 

fetal 6,8 p.c. 

Depreciation comes into the picture for slew •»«tai 
repair parts with a high value» when the »aoalnss to 
which they belong beoone obsoleti« 

0,06 p.c. 
0,05 P.O. 
1 p.c. 

0,4 p.c. 
0,3 p«c. 

3   p«c« 

4.2  igQËKOttf QOBIB. 

Stookout costs are the oosts which originati fresi an 
¿te« not being m stock at the »osent at which It is 
needed. They include the oosts of production loes, 
oosts of expediting and additional costs for sasrgeney 
«•asures. 
The stookout costs muet be treated off against the 
loee of interest (15 p.e.) and the storage oosts 
(9,§ p.c). 
In prinoiple wc should only atore these iteas If thsir 

stookout oosts aro greater than the inventory oosts 
(low of interest • storage oosts). 



4.3 HEMM %mm%wh 

As aentioned before it le unpractical to control ail 
itea« in the saine aanner. We «ust incorporata in the 
»yete* the differences of importance of the ite«. 
In practice it le iaposeible to develop an individual 
•yate» for each ite«. We ahouid aplit up the i teas 
i»t© groupe according to their importance. 
üaat then   i» impowtmneel 

fcf *• 6Qmon eenaiisiption iteae (bulbs, gasfeste, 
•to.) a good yardatick ie found in ooasuaption per 
»•** In terse of poney. The greater the consumption 
to» aere sophisticated the control ehorld be. 

»©•WW for repair farte - usually with limited 
application . this does not amply unive*#*lly. 
&»m»r«lly the consumption is lew, deliver tlat i$ 
Um$ ami etockout costs are high. Therefore it is 
»••tor to olaeelfy repair parto on the basis ef 
etookout costs. 
«• «i»tinguiehed the following groupa; 

^^^*•^^^^^^^^aaenmaaaaBeia 

LI. Group A, iteae with high eonsuaptiem pet ysem. 
Ut. Group B, itea» with moderate conauaptien per ys.r. 
U3. t*oup c, itea» with low eiwwiaipti»* per year. 
2*   fujiir nftff 
Î.L Group D, itea» with high   stockout »mato. 
Î.2. Group if itea» with aodtrate stockout »mato. 
i.3. Group p, itea» with low    stockout eoe te. 
layáis parts with lew etockout ooets (great f) will be 
treated as ooaaon stocks. 
3.     lieas. whose çoneuaotion OM bg 
ftaaâkil* 'or exemple predictable by inspections or 
heoauac ©f replaoeacmt on predeterained tiae basia. 

I» order to determine the liaite of the groupe A, B 
and C we will apply graphic teohniquee. 

HHMHtfaii '•**—'- 
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In a graph ve plot the conaumption per year against 
tht number of itern-types (cumulativi). Ve will txplain 
this my means of an example* 
Let us assume that table 1 representa all 
item-types tabulated in the sequence of consumption 
(in terms of money). 

Number of Oonsumpt. Consumpt. Consumption 
of trae lumber of 

ifcem-typee per 
item* type 

whole 
group whole group itern-types 

cumulative 

1 / 20.000 / 20.000 /   20.000 1 
1 / 15.000 / 15.000 /   35.000 2 
2 / 10.000 / 20.000 /   55.000 4 
1 /   8.000 /    8.000 /   63.000 5 
3 /   5.000 / 15.000 /   78.000 • 

6 /   3.000 / 18.000 /   96.000 14 
15 /   2.0(H)« / 26.000 / 122.000 27 
35 /   1.000 / 35.000 / 157.000 §2 
62 /       500 / 31.000 / 188.000 124 

100 if 250 / 25.000 / 198.000 224 

tabi« 1 

we plot the last two columns of table I against eaoh 
©tuer (set fig. l). fig. i shows clearly that a 
relative expensive group of items accounts fer the 
greatest share of the consumption; a much bigger 
group of oheap items represents only a small share of 
the consumption. The first group contains the gvoup A 
items and the second group contains the group 0 
items. The group B items are in between. In the case 
the curve should make an ex tram sharp bend a group B 
items does not exist. 
to obtain a reliable graph a eaaple of 10 p.c. 
(minimum 50 itern-types) taken at random proved 
sufficient. 
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Üt 

**m the €W^ tu» uait. eta «^ ^^ ^ ^rlTM# 

»• dtfinite liait« are de temine« in »uoh »*nn«r tte« 
**** wiii co*r««p*na to * rem*« «ff o«n««a»u«« ter 
*••*. Xn our example the liait between the fro*»« B 
«Ci«/   700 ana /   2t00o between tht «**„ A «né l. 
Fo* these three groupa different ordering «yete«» 
•noni* te applit*. 
A» a natter of f*«t    the behavior of tht it«* *§* 
*•**§• i« th« um mm, m*mUm m periotio ohtok is 
ft«©«««*** in or*«* to mu» 4f ^ itMÄ ttâU ^ 
t« their origin«! «roup«. • 

•mil a"»a*t- 
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4.4 ORDERING jaoiSION RULES-. 

In principle we distinguished two possibilities; 
1. Ordering eyetem baaed cm fixed order quantities 

(arid variable order time«), 
2. Ordering ayjten baaed on fixed order tines  (and 

variable order quantities). 

*'*a fflffifflTffi*  Wim MS1D o»  Fpp QRDM QUAMI^ 

If the «took reaches a certain level (order level) a 
fixed quantity i« ordered.  This order quantity is 
determined eeforehaad. The order level should be e o 
aifù that the ordered «.uantity ia received before the 
êtrnm la expiate« to he exhausted. 

i 
i 

**§ 

WePW Z ehjwe the atoo* pattern. Bach tiae the order 
lafe)l ie reached tuant i ty h (order quantity) ie 
«•we*. When the lead Use (4- tiae fct warehouse 
•ittiUtitttUn • tiae for ¿«ataa* m order • delivery 
tiae) ia elapaed, the ordered material x» received. 
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At that moment quantity R (aafety atock) is tht «took 
•is«. A aafety stock it neeesaary to compensate a 
delay in delivery tiae (a) OP an incidental inoreaae 
of consumption (c). 

»• stock ia repieniime* to a certain level (control 
liait). The order period and the eontrel Unit ar« 
i^Aenaly determined. At the beginning of .** ^m9á 
*h* •tnek i. Murons to ^ oon|rol Uaitt ^ 
quantity criare* ie the differ, b.w.n control 
llMt «»4 the atock on hand. ng. 3 «he«, the .t«m 

t t 

• » a« 

%* 

Mfl^M ;*& 
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4.5 

-ir»... 

fait ayttta it prt-taintntly uttful for chtap it «ma, 
wfcieh can ht proourtd in baient« fron ont contractor. 
Afttr obteking tht wholt group a eoabintd. and 
thartfor« oh tap, order oan bt plaotd. 7ht tyttta it 
ofttn uttd for group 0 itaaa «howlng continuously a 
high and ragular oontuaption and having a low valut« 

«t will ooaput« ordtr lavais and ordtr quautitiaa. 

•«1*1 

aaA    tÉftai    mÊÊgÊÉkm^    0#    IIJPlÉ,#yi,^f    tll#    flfeaMftat   «Ufe    |yya^|    laÉUattUl    ha« ^w-w    ^^^«^p   ^t^^^^pwta w   ^wa*    ^Btj^B^Ptp'an^HBjp    ipaaiP   ar u^p^a«u>   SP%P   «aaaaaai   aaaa^a*aaM«jwt    apap 

•affititmt ta la tteurtd agalatt tht ooataaatitn 
da*tag *• !••* *tt»t taking into account dala/ in 
aaUrariti and flattuatitna of ta« «onauaptian. 

4«9*f 

lit ordtr Quantity i« «M tuaatity by «alta tht m ai 
«tearing otat« and «toas-aoldiag «ottt art «t Biada«» 
(graphically rtprtttnttd in fig. 4), 
IM «va tf ordtring oottt and «teak-holding taata it 
at ainiaua in point M, whan ordtring oottt art aajual 
ta ttcak-holaing oottt. 
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far asaapla, If 00 «   / 20, 
I • 20 p.c. «ad 
Y •   f 900. 

taa toonoadc orea* quantity » 3651 

Iff aar* oonauaption « 1/3 *•** oon»y«ption. So 
aratr tknt tiaaa a yo*r. 

«• ftttf« to 

#•§•1 

I 

faa aafaty »took la MMNuy to taha into aeoouat 
tola* in aalivarlaa Mì abnoraml oonatiaptloB. Oovtrlac 
UM fat 100 p.c. ¿aa't naootaaryj a otrtala riak aaa 
to *• aaaaftaé. if «asa la »a aafat? atea* a aaaaaa 
Ulti asâata tkat tht aav mpply util arrtrt in 
Urn. »la Maoa tàat taa ohanoaa fat arriTlaf-ia-ti»t 
aaa taartatarlsad ty a fanaatasf« (taa fi«. 5). 

%* *• 

m aaaratt wità 
(•*» fi«. 4). 

» or 
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I» pruoticc we onljf BOO* the portion at Mie right of 
**•• • («UliTory ©votine), tî m ocotpt « S f.e\ rt«k 
C5 eut of 100 ordoro orriv« after toe eteek io 
•Atante*) the eafety stock io 44 i.e. of the 
•tee* (MO ft*. ?). 

•'*••"  '"* -**i r**» • f ,'iJ 

. 4 
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5.1 

fer exejaple: 
Tear ooneiaption of   n i tea : 1.000 piece. 
NatiWM delay in delivery      i 3 souths. 

mmmm safety etock : T2 
x 1 •00° • 25° »*•••• 

If we accept a 10 p.e. risk, the safety etook has to 
se t 30 p.e. of 250 - ?5 piece (sae fig. t). 

M Will sake MM ooapttations m 

1 Mi 0 l«M saoula M eg—Mi at fiMi 
« It is justifie* for these it«M te eeM*te ts* 
tmatity Mi the safety ttoek of the «Hole 

M» Usât eetweeo group fl Mí gre*» § is /Î00» Me 
M*M «uaatity for the whole sreup C itetjs isi 

JL     $flUE     J^g^Mg|h 

^^ m eouli take MM half 
%MlPp   W^av/f 

ewe^^   epissM^BF ^V*•        ,TWM   at w«?    MM)1HP    WMMMV    M 19HB    •»•    MM 

*• m i.e. of the at Met poeeihle 
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9.2 

I. •tookout oooto of ohttp Mí ourrtnt 
mt ••oontial («roup f itoao). 

t. 
filimtly, «houli Mt 

tion oan t» f 
im in th« iarontory. 

§***• wt fhould 
i. If ooaouaotion it low (Uoo 

§•* m») wo noo4 to mm if wo toro t© 
tht toUl invtntory o otte 

i 

• •â{<! ••,)*• ft 4^)) 

á«M¡ 
%• IM» of iatorott {is 
%• »••* Mi TOioklo 
t«fWN»i» 

{Ü *•*) 

tuf *•*»; 
t • 10.000 {(I • tvU)' • I i ©»ft J 
» ••*•* Mookaitt •*•** > / 26.tOO wo 
(tt hiU) «*• ti« ilK .took. 

>«*w« 

ê. % ^NMn Sfittai $% io 9ulto w*n poooiblo to 
fti* IttM «fclok ofcouU MI *•«• tosa Uko» in «took. 
#»!• If ta t« m *p»lio*titn aa» »©»t wo koro to 
••t rU off «¿as* atta». 
4A tf m mm fit «ml« an itoa - b,u«h w for 

»t tart« ttoatamt Mttt of / 25.000 - that ka» 

lÜB MUT bo MM04 af tor • »prowl—til/ 

u^ûadui,^^^. 
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K « ñ  (1 • R.,)1 + A (Y • Ë2) 

k • total oo«ta. 
A • M« prie«. 

1 • termp priet. 
R^» loto of intero»t. 

lg- vATi»blo and fixod inventory oostt 
(2 p.o# instati of 12 p.e. kUMN 

depreciation any sert). 

I • year» in «took« 

IhMM lg  mm 

1 • 270(1 + 0,15)5 • 10.000(5 + 0,02) - / 1.M5. 

I total oost» aro 1MM tnaa tat fitti—t 
f#f## to ii*** tíia itasi in •'tasar 1|SJ^»F«FaSfflSJWP W^F       eSVw«?^»»'        «MHP«F        <HP  *•••     WW      «IF «P^FwlPPW 

It Mm ttt ffiHt ** *** 27.000 

QtfJstn steak* (now)i 2,100.000. 
siWs'^^sjs»a»    j^iMpTW     \fHa^Sr Jf     • 3P#liWWP"#^wWP^# 

^Ptt^tP^R    •• • "PtsjSJP                                        t 

•tUi 10« 

itta» Mi stattet 

••1«2« 

t It 
vltaovt rocrterlaf t 2. 

i ' 

• »*t.  Of US)  tottl MMDt» tf 
9*t.  tf tk* tOnMSstt&t& tf 

tf 
Of 

• »•*• tf «s* tetti 
•W      j^pw*«Fw      •WB>        WRr 

-MM«.. •MtiÉHiMÉÉ «MÍ 
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2.1.5. Group O: 

$4 p.e. of tht total nuabor of coaaon ¿teat. 
10 p.o. of the contunption of ooaaon itea*. 
6.300 XUmu. 

2a#4« -Bf PP°ff f»tM *» extouted by autoaatie data 
prooeeaing: 

••^•••U I&ttLÌ* Control liait», meto* lévele and asta* 
nuantltioa. 
2«l.4.2. Chitautt 
••ftlf »MlJ A liit of itea* to reorder (grove A aad ft)» 

Order quantities aro printed. 
ateas? two veekes A Hit of i toas to reorder (grout 0). 

Order ouantitioa art prints. 
Wm&f sooth t Steak situation. 
••*•*• lllltitntitaííl   tM aontae with two ata, 
*•*••• itti* Steak dooreased to 7.500 Itea*. 

2.2. 
•ft ee diooerdod i     fùù Aftaaa« 
fi te oonsuaed and aftor tftftt roplaosaont 

If oeuiralontet dOO ItaftS* 
to it roplaood by eeuivaiente                  t |9aaa ltaftft« 
OXaaalfled to atAak&ut AMI«                      > • ^M « *^W WO^^PWV«« vm    *v    WNMMFWv   «99 «V | #*OVV   Iftftftfttt 

•tftftt dooroaaod to u.@ft@ ltoaa with a value at 
•4.000.000. 

*•*• laaBtaaaal* ** •••• MN 
• 

*• ttfioloat inventory ooatrol roemroa ft 
•garmn of «a total preblea area, 
t* Aft eeeortaent has to bo split «* la |iia|i aaoft 
ftftrtft* their oao oontrol aotftada. 
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3. One« tha uyuttaatio y tap« to te takan havt baan 
dttaraiaad, tha nacaanary quantitative unalyaia it 
ralativtly tiaplt« 
4. A iptmUo approaoh M mtntioaad daIivara M * 
b:'-product many eaeily found opportunitiaa for ooftte 
•aringa. 
5. AMI banafita of auoh M approach ara ralattvftlr 

C. Ihoufh vary halpful, autoaatie data proaatüaj u 

,"* " •--: . "-;í'"; .-%îS.'"4^^^sy 

tA¿J¿^^.^,..,..ge,-va¿^.fe¿aik^aJ 
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i. t¿m, i., mu, i. 
. *i 

. »   . i ...Liiji.iBi  ••     mmwmm mmmmvwtm 
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