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Introduction 

Vor every in ectiiont scheme, vAiothe" il ID a romnlote factory, 

a detailed production plant or a o nj*le machino, the first question 

concerns  Lho productivity of such. 

Product i vil.- is the relationrhio of the Prt. auction Capacity 

to the oxoenditurn anJ ir? t"l:on nc a fnii )c for tho economical use 

Of the  invectnent. 

Por prr.ctic.ally ••>.] 1 technical processes within the production 

différent tcchnolo<-ies can be applied, ran';: n/x from the simnlent 

manual operation up to fully automatic proooanen.    The nlanner:; and 

investors of a company have to deal with a difficult, decision in 

»lectin:; the   manufacturing techno lo :y oparr.;ions ard facili tien to 

achieve highest productivity for th« required capacity. 

This nano' ehcro a way of roco^nirin,^ .-.   1  .iuntifyiwr criteria 

in solertin/; production facilities for factories of different sire« 

an   wi\,h di f feront objectives o    vary inj; importance. 

1"   Ty^tin¿; Ccnsiderati.cn 

Uhi oh quantity oi  the env'sa&od nroduct ic marketable result» 

in the oìanned capacity vrhích in the baoc for determinine »he 

nroduction equiomon.  requirements an'  its maximum utilisation. 

2. Infra-structural Concidoration 

The supply of raw m; torial at <J oner.T'   *M*1 be    ensured for 

the planned production capacity. 

3. Labour forco co ¡ai serat ion 

It has to be ensured that sufficient skilled labourers, «aoMn» 

operators in:' technicians are rv-Tilablo for operr linr and raain^inln/; 

the equipment.    The question of available training nossibilitios in 

the country   has  also tc be talren into consideration.    Otherwise 

•xpe:.eivc foreign specialists have to be empxoyed. 

»» — 
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4-     bonomie eonnideration 

Should   'ho nl-nned  investment iio baccd on  labour-in i crini ve 

operations  to solvo local pormlatin emblem;; in order to broaden 

^onorai  ctnndardc or should a higher cap .ci Ly be achieved  throu./h 

hichor commornial  efficiency? 

ï'tapocially in developing countries,   novero mintakeri have 

been experienced  'ay installing highly mechanised production 

facilities which are under-utilized owinr  to  the olannod capacity 

not being suit Able for the market and the produced «mount not bein* 
•old. 

Miner mit'takec in operating conoitive, highly mechanised 

automated machines  can r.ton the nrodnction  for severa]. days, 

j triton the Qualificai¡<ns of thv rru-.intonanee nerconnel canno:  cope 

I with the repair requirement, beinr unable  Lo  localise and 

I oorrect machine trcubles in  time.     Interrupt-on in  t1 o production 

I flou through 1 ;c    of material or power nupnly are well 'aiown 

wcakncnocB  in the  in îuntry in   ¡ovclopin-- countries. 

The nain nrcblem  usuelly i8 the  lack of qualified ope rat oro. 

Such a;    investment   can also  loopc itr oiiectivc when  in 

developing countricc,  for example five fore>^ mecialinte an-,  ton 

local wor' ors ore operating th<- factory  while hundreds of the 

labour force *re without a job. 

The laintonanco,  servicing and care of rueh equipment  iß in 

this cace of Teat   importance    A nneciaiifod  fitter cannot be 

made available at  nlicrt notice from a country man¿' flight hourc 

away for troublo-ahootin.-; an-J macinile repair.     A donentic  mainten*noe 

team should be inwedi*tely available, generally trained abrosd, 

to bo able  tc deal with at leaot common machine    troubles. 

-M- 



Aonrt fWB ihe nonoBfi^t;;  Lo maintain » good ntcok of apare parts 

Mid oparntinf services,  one ehould    work    on the    basis 

that for ctardnrd machinée nuoh an eiroular saw benchen or 

olrmorn,   etc., a upare o ari  atee1: Oí' '3 - v,' oí'  the in- oc: "ieri! 

coni  io available.     Automated machinen with e octronio  control 

nood a calculated coare parta stock in the rang« of 1? - 15 £, 

Generali;- aperking,  the higher the technical  Wl   of a niant, 

i.e.  -;hc mechanisation an    automicat i on,   the hi~her are  alrv    the 

mar!:ct domando,   the in re.-ntruo-ture an:  th- nornonnol,   ir rrhich 

eano the different sub.ioct have  to bo considered vnr-  careful ly, 

in order   '.0 ar-hieve an on1, i muti deeinior.. 

All these criteria serve to influence the oo»t atruotura 

careened   in monetary termo.    One can er. tj mate  the coste  reruir'd 

vMc"> ic ?. banc for r.lrict d^einionij. 

The roturnn obtained through product •*.!•• are *iviiwç tua 

requirement on  the fixed ea-vj.tal  for labeur force an    nner r 

ex.ienoec,    The eoe to are dJvi-icd  into fxod e.,-;.   -me    er.en-'ont 

unito eveh ao canital  oor.„G an'  fi:;ed overhead etsir}     ar.d 

vari a''1 e e.-,  cuan tit- tiene dcr.x unitn  for wa^-r an:  energy ae well 

ao  '.he varrinr »onerai cor Le.     /h.ch individuai  orodiu-tion tjVint io 
limi'ed within i .a capacity. 

'"• •      qopoaricon 0,   three different niant cacaci tier, 

In  the folloitin-T oxanolcr;,   an invoatmen:  decision  ìB  »imi-tod. 

A factory,  i.-iih a e-lanned canari 'y of 6OO nroduc 1.1 on uniin ne- day 

Three difieren. irod.uotjon uni-te ocr day.    Three different  nroduetion 

toohniquee '..-•. Mi three eor.oaraMe product on Tacili tier are .vwliod. 

V-.1    Capacity 4OO uni is   ->er da-} 

l'annali,- o ocra i od  tUandard machines} AliirX 1 

F1-red eoe te D'i /;o 1er da,"} 

Vari ah le ceci D!" 0,/;0 ner oroduotion un'\t| 
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5«»   Capacity TOO unita •r d%yi 

Seaa-neehariaed equine»nt| AMTIK IT 
Fixed oo:'to Uff 1^0 iter dayf 

Variable oeato W! 0,30 sor produoiien unitf 

*.3   Caeaeity 1,000 unite -\rr day» 

fUli—mitor.nlic oquiTBímti ¿UM3I III 

fired ooatsnp 2*iO ner dayf 

Variable oonto Fî 0,20 por oroduetion unit. 

Rteh o" theec three poaeibilitiee hat it» bro*l:-«von nein*. 

TIKJ plane ¡Io. 1 shown 140 unit« ysr dn,y Tivin^ a relatively 

tow ireeJr-oven point, tnY.nh, however, ie ineuffigieni in th« 

total «aeeeity as 200 unita per da,'/ oannot bo realieod. 

The olont ;/o. 2 ahowo a minimum weduetion o" 410 unita aar éAV 

ajat has a non-utílieed oaiaeily o   200 unite nor day. 

The niant Ito   3 ehowe the break-even ooini by 510 unita per 
day, »AM.oh oauaoB a non-roalinod nnpaeity of 400 uni la. 

Plant I.'o. 1 haa thorei'oro the lowoat to;.»' conta par unii 

an   ihno the boat productivity.   The problem there lien only in 

the Uok of oaneeity     The» diivrriwi (Annex IV) coverà two planta af 
ty»o He. 1, which T'andar it poociblc tc fullfil the reojuirod oapaoUr. 

The broa!:-evo-< point io at a production rate of 2CO unite «or 

ii\V| of whieh 200 unitn nor day arc non-real^ nod repartily     Th •: 

dia-ron (ÄIKVX V) eovoro all four vari.at.ione in combined order. 

It etatee that PLv'; ilo.  1 han tho beet produ'üivity value for 

th« demand     Tho tetal ooat jr-v>h ie ahovm over the varia'ionn 2 uni 

3»   Pereaoet,  ?.t .-. d-.ily production rate of mere than 750 unita 

Plant Ito. 3 in bettertirju Plan'. No. 2 at a daily of.nru>ity of 

«are than -00 unilsi    Plant ite. 3 ia atill better than Plant He. 9 

and nt n doily nroduntion rate of nor o than r00 unita Plani .'te. 3 
ie eve» iettar than Plant He. 4.. 

L_M- 
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Thin example io of oourao oonotruotod in a   abstract nannor. 
It Ëtmiy ßhci» a niethod which allow« for a«lectin« the right 

o^inmon'. for a definito nkwiod canity, on ¿ivon variation« 
of which tho f:hrcd on1 variable oooJ.n aro known. 

IR thi« «pedal O*M, the only recommendation can He to 

•turt with wri equipment like plant  1, und to incrocile plant 4 
when the necosBity is given. 

*•   0«—it» oo«t compari »on 

Ih* following tables compare the «ore ¿nportant operation« 
in wood prooessing on different machine«.    Thie dato    D b»«od on 

european cost relations whieh n«tur*liy hive to be ndjuatod 
«©•erdiagly to tho Bitumen in developing oountrie«. 

L 
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6.1   Panal mibdivldln* 

COITAHIÜOi; OK CAPACITY AKD COín'8 

I 
CPTRNlICti: 

_Panal eubdtvidlng 
:v.aïiî-'.î TixjíiKOíoaY 
APPMF» 

i/T/üüT-'na1 COSTS 

¿VIT) INSTALLATICI! COSTS USf; 

rowai iH«uinii.:s.Tt ELECTRIC 
kW 
HKAT KuaX/h 

MACHINE OPERATOR: fnrmgg  
QUALIFICATION 

MAI NTBl ANCE COST PER YEAR    US$ , 
.•¿AIHTEf ANCE OPERATOR QUALIPICATIÔ¥ "" 

vertioal 
panel aa.tr 

22,000 

aadiuia/low m id ./low 

120 

aami-autom. 
panal aaw 

70,000 

11 

fully antea, 
doubla Mw 

190,000 

26 

" 

AVERAGE MACHINE CAPACITY 
UNITS PER DAY 

COSTS 
PIXEDt    ATKJBTISATIOB" 

OVlîilfEADS 

VARIABLE 

+J0/BAY 

Bl    WAGES +       )£/ 

TOTAL COSTS PER PRODUCTION UIÍIT 

»•dim 

8 m" 

95 

17 

29 

ÀUÊSL 
^^^^25^uS^L 

25 

145 

6 

12 

high/low 

-»»am 

80.- 

t75 

t 

5,40 

Vacation 4>   a vertical board cutting u« fop manual loading 

Operating Pcreonnal 2i    1 machina oparator, avara«, qualification, wit« OM 
helper; 

Variation Bi   a praaaura bar board airing aaw with aoiaaer   lift an« 

meehanical board inftad egaiaet preeat paeuaatio «topa; 

Kamial unloading of tha cut board.j 

Oparating paraonnal 2t    1 maohina oparator and ona htlpari 

M«»**oa 9f «a angled combination oonaiating of two praaaura bar aawa   bath 

fully numarioally oontrcllod board aupply devio..   Material infa«á vi« a 

coieecra lift and feeding devio., outfeed vi« roll« ^ «g .taakiat iwltt. 

Board remante are removed by hand.   Operating pereonn.l 2i i maohina oparatar 
and ona helper. 

DiSPHlat   "««ttoad oapaoity a mi fa, »3 
Total ooata par P.U. 24.00 ijt00 

i_v_ 
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6.2   tm\ vneertM 

-jl^^J-'j'iiJlJi'i'jiíiLjl ''!ilLí£¿ 

i 
cp;*»*.';'1:.; 

JEsJisl veneering  
M.v.'!íi'" ' ' ."'!?!'orc"rí 
Arni::» 

•ingle 
1 «y li«ht 
»y» 

A,;n í;.r,y.1u¿.'j:n: o.v?r.;, vc: 

PCîiva irruîKv-.-LT.1: -.; ;VT;;K; 
VI 

Tttdiiiii; cri : LATCH : 

i : • : '.T y.'-M/h 

íIU.YLYTICATTOJ] " 

«AIIJ'PKÎAKCE CCÜT- PJ-31 YI\ti<    UX 
WAIUTK!/Jic;: CTMîATCH QUALIFICATI«? 

38,000 

25 

mod/low 

i». 

AVraUCE KACniKB CAPACITY 
UNITS PIE DAY 

COSTS 
FIXüJ) :î3DI    A'IOHTIîïAÏTOH +), , 

OVHIHÍJADS )v/B.-»r 

VARIABLE:    ï/AOrS + ). , 
 cv-;-r:y-::: )*/pu 

TOTAL CCCTÜ ru,' HìODUCTIOH UNIT 

low 

200 m' 

110 

0,70 

1,25 

•ix syoling aingl« 
daylight p*ylifht presi 
presa 

30,000 135,000 

rit h automlofMing/unlosi 

3 
60,000 

medyW/low 

2.400 
low 

22 
80,000 

med/high 

7,000 

1200 m' 

155 

0,20 

0,33 

high 

1600 m' 

215 

0,08 

0,22 

vtrlt*i°n Af   °n« single daylight presa, eleotrioally hasted with a «impIt 
rollar glue apraider} 

Operating paraonnal 2i    1 machine operator and one helper. 

Manual leading and unloading. 

flfltH0R Bi   a six daylight preaa, ataam heated to ^°C with rollar glu« 

spreader and disc roller way to the lay-up etation. 

Manual loading of glue apreader and unloading to a raekf 

Oparating personnel   3i    1 machine operator, two helpers. 



6,2 Pmel vonof igg 

ì^ifltH0" 91    automatic oyeUiwç nin*le delight nrtBBiíwr linn 

1 Beisíoris lift wjfh board  in'eed» 

1 bruBhinr m*chine (nurfacr clsonin/»)? 

1 four roller plue snreader linked   to disc mllor w*y| 

fully Automatic ohort cylce veneering prtas with infoca 

an1 outfotd b«lt linked with ntackiry* devimj 

•tt.a« heated   140°rj. 

Stoo!; travel lint on rol i or w,-y/n; 

V«ri««r «tore on a vonoer bri'i/»© on top of the In/ up lr*bl«| 

On©r%tirv» personnel 2x    1 machine operator, one holn«r. 

isduetd o*paeity 200 m? 

Tot»l oortti p«r P»U, 0,97 

1,?00 m 

C?6 
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«•3   h 

COJIPAfHÜO/J oy CAP AC HT Aj.'p gpSf» 

ornr/iro?: 

T'ACHT!"! ,:,:."SÎ!*OI.O'JY 
APPLIT3) 

líJVESi'ürírr CGí;J3 
A3TD INSTALLATION COSTS US5 

POKUì ni'riUim-.rjvrr! îXACEUC 
kW 
IIISAT Kcal/h 

KâCHINE OPERATOR» Î.TE3HÎ 
QUALIFICATION 

»nel 
lircular 

bench 

11,000 

double ciro. 
Mir with 

1 

MAINTSIANCE COST PI« YEAR   USS 
KâMTEîANCB 0P3ÏAT0R QUALIFICATION 

Medium 

AVERAGE MACHINE CAPACnT 
ÖHITS PESI DAY 

COOTS 
FIXED«    ATJORTISATIOH 

OVHÌHEADQ 

VARIABLE!    ÎJACTES +        )<,/mr 

+Jo/DAY 

TOTAL COSTS PIB PRODUCTION UNIT 

100 

low 

20,000 

doubl« Mi" 
tenoner 

75,000 

12 

«ediua 

250 

250 m' 

92 

0,27 

0,64 

low 

34 

»od/low 

Ji22L 

900 m* 

115 

0,09 

0,22 

Mftiua 

2,500 a 2 

175 

1 
0,Oi 

0,13 

illy ftrfttlfft âf   •i»ln« circular MM benoh with «lidia* tobl«, operóte« » 
•tejtually by one trained worker. 

ttT*ttt°B I '   *"*!• oiroular MM with eooriag MM« and «lidin* Ubi«, 

Opowotinf personnel 1i   on« trained worker for doubl« load«« •took (two boor«*), 

ftr«itt?n Çt   •*•»!• «oubl« ond tenoner (doubl« »if« M» with chain fee«) 
•l«otro-m«chani«al]y contro 11 «d. 

Opo*«tinf p«r«onn«l 2i    i „»obine operator, on« h«lpor, 

Stook travolt on roller May«. 

»eduoed oaoaolty 2J0 »2 900 »J 

Total ooet« por P.U. 0.53 O.fJ 

L  i>> 
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6.4 

I.'}I^^-íiLSilJ¡í]li£LuUu? ''0îîVi* 

orüí'VTC' 
tiling and edge banding 

APPÎJTÏÏ) 

Ti.V;:;;':T.:r ce::?:; 
A;¡D í;.ü

,
J'

,
AM,',TIO1: •%:,.'.. ?".r 

PO',*:* R:ííUIRí::F:.T: 'T.:;^/?!^ 

double MMN-   .inked doubla 
eingle edge ^nder+double 
Junte  

automatic 
i fin«/ 

. iáa*_bJRÍjr»„ *4gt McdiM . 

65,000 

MACKIKI2 OPSKATGR: 
QÜÄLT/ICAT10;] 

HMNTBJAUCE COST P)Sl YEAR    UfJÍ> 
HUNTSfAKCE OTHIATCR QUALIFICATICI 

AVERAGE MACHINE CAPACITY 
UNITS MR DAY 

COSTS 
FIXED»     AXHTISATIOM +K/mv 

OVERHEADS )-/-»« 

VARIABLE:    !ÍAC513 +        )?/ 

 Q7ì:?;R:Aì*J   r/pu 

TOTAL COSTS PjJÎ PRODUCTION UNIT 

36 

•ad/hUh/low 

2,700 

mW»4IIW 

800 m' 

135 

0,28 

155»000 

58 

265,000 

7* 

JHiàitì »Wv«riaji 
*t«*> 

JtíA. y«r; «Jé» 

2200 •' 

220 

0,08 

0,45 I 0,1S 

iiS» 

4000 a1 

390 

0,04 

0,14 

Variation Ai   doubla circular saw in connaction with a »infla end-edge 

Operating paraonnal it    1 machine oparator an the doubla circular aaw an* 

1 mohína oparator with ona hai par on tha vanaar edge bandar. 

ItJfllHfft ÌÌ   * *«*!• •** tanonar with chain foad, alactro-nachaniaaé, 

linkad with a doubla and vanaar edge banding machine, equipped with a vanaar 

«r foil hopper faad, omt-off aaw, fluahing unit and edge »ancHng unit, all 

alaotro-maohaniaad control. 

Operating paraonnal 2ï    1 machine oparator on the doubla and tenonerj 

1 machine oparator on tha vanaar edge banding machinai 

Stock infead and outfaad via rollar way», loaded manually. 

L_W. 
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1hfWl9R Ç«   * fully autoaatic citine •**• tendine aaohln« 
Vaouu* loading davioat   combinad with a rotating «tation for 
langth-wia« and oroaa-wiae loading of tht mohinof 

flaaal aising and vantar adfe banding machina 

i »iHing imita, pnaumatioaHy oontrollad.    Vanaar adga Raiding 
«ata adga hoppar faad and a aix-fold roll txohanga magaaiaa, 
omt-off aaw, flushing unit and aanding uniti 

all unita ara alactronioally oontrollad, with alaetreaio 
»lath adjuataant and automatic «tacking davioaf 

Oaarating paraeiuial li   Highly qualifia* machin« oparatar. 

naduoad oapaoitjr 800 «2 2200 »2 

Total ooat« par P.W.      0.35 0,a 
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6.5 

oonwjro;.' ci'- (ìAPACIVY AI; a COSTS 

OPmATIOï! 
Dowal hol« borlnf 

APPLIED 

TîîVE£??:r:;p ccnrs 
A¡:i) T.uï:dA./::ic. co^rs n.v- 

POWîï HTXiOttL'-ÎPÎiPi  TTTTPIflC 

__ lilSAT Koaj/h 

MACHIKE OPRiìATOKs WW CTI« 
QUALIFICATION 

atandard 
borin« 
•achina «/o 

IMÌ-«UtOB. 
»orla« 

ohlna 

24*000 

6 

HAIOTfllANCE COST PER YEAR    USÍ. 
NaXIfffiTANCK OPHRjffOR QUALIFICATICI 

AVERAGE MACHINE CAPACITY 
UNITS PF31 BAY 

C0ST3 
FIXEDt    AMORTISATION •)*/,,.., 

OVERHEADS )-/«Ai 

VABIABLEt HADES +        L/ 

TOTAL COSTS PE» PRODUCTION IBUT 

—ilm» aailu« 

3 

46,000 

16 

•»tonai io 
detrai holt Voi Ine 
machino w.faaj «mit 

95iO00 

120 

1«« 

800 sarti 

96 

0,17 

0.29 

280 

low 

1400 parta 

130 

0,11 

-Si». 

24 

l(Ua*Bi 
•WMMBlaÌWMIMMMI 

"" 
2,600 

high 

7200 parla 

190 

0,07 

M 
IlflttitJI Al   •**!• standard donai hola boring •achina, «<uippad with 

•wivtUinf borine bar for vartioal and bori ron tal borine, 21 borine bit apladlaa)| 
Operatine psraonnal 1t   aaoala« epar*ter| 

iKatU&Jl   OM aatbajntio dewal bela borine smottino with fivt vartioal borine 
wrtta and two horioontal Borine «Rita, nanmlly loadad, no through-food, 
OporaUne porsoaaol it   aaohin« oporatort 

laftitttl 9t   »na wtoa»tio dawal hola borine «achino with svoline faad, 'iva 
vortionl borine unita and two boritonta! borine ««Ita, «otor Battine «t digitai 

road Ines.   Cycling fast aatoaatioally oontrolladi leading via link oonvtysr 
»•lt|   Antoamtlo avtfsei or via llnkad oonvayor to sanding lina. 

fatai ees* par *.9. 
800 a* 

0.17 
1400 *f 

O.tO 
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7.      Oaaoluaion 

»••a ooaaariaoaa «how olaarly that produotion OOtta M 
• highly autonatad «quipwrnt art th« lotwat.   Thi«, howtvar, 
ooours only tdtan th« plant ia utiliiad at ita rnximm capacity. 
If thi« la not pooaibl«, th« total ooata iaornaaa to th» valu« 
«how« in th« «xampl«« balow tha tabica 6.1 to 6.5. 
If tha oaaaeity of th« panol aiaiat plant "C" (tabi« 6.3} 
fra» 2500 «2 to 900 m2 produotion par day, aa in plant T, ta» 
total ooata than iaoraaaa fron ini 0.13 to 0.29 por «f. 

In thi« oaaaf ooata ar« «van high« than th« total ooat of 
Variation B. 

Finally, thara la th« flexibility of a protection plant.   UM 

hifh«r tha lavai of autoaatlaation th« highar th« «pacialiaatlon 
•f tha aroduot, th« aarkat and th« wvkiat «tandari,    targa 
fluctuation« oan o« «xpocttd conctrnin* tha pro duo t, th« daaijn and 
tha oomatruetion, th« narkct raaction, in th« mount for distribution 
and in workinj «tandarda aa wall aa in th« availability of qualifiai 
labour.    In thi« oas«, it ia battar to ranain on a lower lavai ef 
avtoamtlaation in ordar to keep th«aa fluctuation« within tha 
of tha variabl« ooata. 
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