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ABSTRACT 

As the lpethods o f  preparation o f  p h m c e u t i c a l  cwpressed tablets 

dre exaained, i t  bectmes evident that Uiere are a nuudxr o f  cost 

factors which may be signif icant. These cost factors m y  be of 

pramunt importance i n  decision ludking as to  the utettod o f  pre- 

paration. A couparative study was dotie to evdluste costs involved 

in tne preparation o f  tablets by d i rec t  cocyressiori or the wet 

granulation procedure a t  two Latch sires. A simulation arrdel f o r  

the processing was used fo r  analysis o f  the systeiu to optiluize 

batch site, procedure and cost. 
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238 BUCK R A L e  

INTRODUCTIO?I 

Tablets can be produced through a var ie ty  o f  a l te rna t ive  pro- 

cesses and formulations. It I s  well  recognized that  the resu l t ing  

tab let  character is t ics  are affected by these alternatives. There 

i s  a large l i t e r a t u r e  on th i s  topic ( l , 2 ) .  However i t  i s  also known 

that these a?  tentat ive processes and forrrrlations a f fec t  the pro- 

duction time, processiny costs, and the variat ions i n  each, but 

l i t t l e  i s  w r i t t en  about these t i w - c o s t  effects. This paper 

addresses th i s  l a t t e r  topic and a recently devised method fo r  

quickly assessing production times and costs fo r  batch pro- 

duction using various formulations and aethods o f  processing. 

Three general tab let ing methods are wet granulation, dry gran- 

ulat ion, and d i r e c t  compression. Nu#rous variat ions ex i s t  w i th in  

each type depending upon the type o f  equipment used and the detai led 

unufac tur ing  practices employed. 

management must select a spec i f ic  fornulation. a batch size, the 

equipment to  be used, and a par t i cu la r  unu fac tu r ing  method tha t  

f u l f i l l s  the objectives o f  producing a qua l i t y  product which meets 

consumer needs a t  a low cost. Accordingly, the proposed method 

o f  assessing batch production costs and processing times serves 

as a unryement a id  in th l s  decision making. 

products or  changer i n  equipment, erclyients, o r  methods can be 

evaluated using t h i s  technique. 

the average cost and processing time, i t  also shows the var ia t ion  

of cost and t l r  expected fror batch-to-batch fo r  an assessment o f  

the r i s k  associated with the prospective changes. 

With each tab le t  product 

Prospective neu 

:lot only does t h i s  method describe D
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TILBLETINC P R O ~ I O W  2 39 

The hear t  o f  the proposed vetllod i s  a general ( c o q u t e r )  simula- 

t i o n  program o f  unit t a b l e t i n g  operations. Users o f  t h i s  program 

provide information on the p a r t i c u l a r  operations f o r  a s p e c i f i c  

t a b l e t  product and the  program u n i p u l a t e s  these data over the 

e n t i r e  processing sequence t o  shou t l w  s t a t i s t i c s  o f  costs and 

processing time. Cumulative costs and times over the  processing 

sequence are a lso shorn by t h i s  program t o  a i d  i n  checking s p e c i f i c  

steps. 

manufacturing o r  methods are conterplated, on l y  the revised input 

informat ion needs to be changed and the p r o g r u  way be rerun i n  

order  to assess the time, cost. and r i s k  e f f e c t s  (3 ) .  

Yhen changes i n  the formulation, equipuent. batch sizes, 

THE TABLETIN6 )(ODEL 

O f  the three general methods o f  tab let ing.  the wet granulat ion 

method contains the most numerous processing steps. D i r e c t  can- 

pression and dry granulat ion both conta in  several k t  not a11 o f  

the steps used i n  wet granulat ion w i t h  the exception o f  the slugging 

(ChilSOnating) step i n  dry granulat ion.  Table 1 shows the process- 

i n g  steps of these t a b l e t i n g  aettlods. 

w r i t t e n  which contains a l l  twenty processing steps shown i n  t h i s  

tab le  but with the prov is ion t h a t  any step which i s  inappropr iate 

f o r  the type o f  t a b l e t i n g  under considerat ion could be by-passed. 

I n  t h i s  wy, a s ing le  prograr could be used t o  capture v i r t u a l l y  

any sequential athod o f  t ab le t i ng  t o  show the c o s t - t i e  build-up 

over the processing sequence. The reasoil for using a s ing le  pro- 

gram uas t o  reduce the chances o f  omissions and t o  preveirt any 

inadvertent programing bias beween these general methods o f  

A s imulat ion program was 
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TABLETINC PRODUCTIOM 241 

tab le t ing.  Users wrst. o f  course. supply input ddta fur t h i s  pro- 

graw and s ~ #  o f  these input  data are i l l u s t r a t e d  i n  rable 1. The 

program then performs a l l  the bookkeeping and S t d t f S t i C r l  c a l c u l r -  

tions and repor ts  the resul ts .  

Saw illQortant astuvptlons were rude l n  tl ie developwent o f  t h i s  

p r a g r u  which are important t o  tila inputted data. 

equi pant depreciat  Ion . i t was hssurrec( thr t s t r a i g h t  - 1 i ne deprec i a  t i on  

Is q l o y e d  over the cleaning. pr rvr r 'J t ioo.  and pi.ucce~~iiic) Lii,w o f  the 

equiwnt. riost equipwent i a  t h i s  i i idust ry  i s  r w t  u i i l i z d  101.1 , tior 

I s  I t  dedlcatL4 t o  a SiriQlr! product aibd $0 the f a i r  J i s t r i l u r r i u i r  o f  

equiwent-wear costs aust be a w r l i o d  t o  a batch o f  Ldb l r t s  iii swue 

reasonable manner. Ye opted for s i a p l i c i t y  i n  the program. allow- 

i n g  users t o  w k  allowances in  their Input data by incorporat ing 

a ' u t i l i z a t i o n  factor' i n t o  the depreciat ion equations ( 4 ) .  A second 

important assuaption was t h a t  the labor  L i w e  for a processing step 

consisted o f  the e n t l r e  time of t h a t  step, the titw ktweeir  the 

previous and the current  step, t l w  cleaning. arid the preyarot iun 

tine; a l l  a t  a constant labor-cost ra te.  

adjust the c leaning and/or preparat ion tiure as wel l  as the ti* 

periods between steps or within a step wheii wore or less labor time i s  re-  

quired. 

preparation. between steps. and dur ing operat ing tiules. then a s ing le  

propOrtiOMtely-weighted labor-cost r d t e  can be used. 

be pointed out t h a t  the s ing le  exceptioii t o  t h i s  labor- t iwe dssusp- 

t i o n  i s  with the staging and dry ing steps ( t r a y  dry ing only)  where 

the labor  t i r  i s  not assuvred t o  cover the e n l i r e  step time. 

I n  tlie case o f  

Here dydii i users Can 

Also, I f  d i f f e r e n t  labur ra tes are used for the cleaning, 

1 t should 

A 
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242 BUCK ET A L e  

t h i r d  assumption was that power consumption uas 0.0124 k i lowat t -  

hours per horsepower per,minute o f  use, fol lowing standard energy 

conversion rates. 

the horsepower requirements o r  the time used. A four th  assumption 

o f  t h i s  mde l  was that  minor changes i n  the operational sequence 

m u l d  not a f fec t  the to ta l  time o r  cost estimates. 

cases o f  sequence changes and could not f i nd  any reason t o  suspect 

a cost o r  tim change purely fo r  t h i s  reason. 

constructed a s ing le the-cos t  model i n  the simulatlon program 

so that i t  would be easier for  users t o  adjust the complexities o f  

the rea l  s i tua t ion  t o  be compatable with the model 

Eff iciency adjustment can be w d e  by users i n  

We tested several 

Consequently, we 

Since the processing tin. cleaning ti-, preparation time, 

and time betmen steps varies fm batch-to-batch uith the same 

product, i t  was necessary t o  include these time and cost variat ions 

i n  th program in  order t o  denote r i s k  character l r t ics .  

time variat ions create r i sks  in production control and the con- 

sequentla1 cost variat ions l m l y  economic r isks.  I n  order to  obtain 

ti# var ia t ion  from the program i n  a consistent and eas i l y  used 

manner, we adopted the t r iangular  d i s t r i bu t i on  which provides wide 

Expected 

f l e x i b i l i t y  i n  use (5) .  This d ts t r i bu t i on  also confonns 

hurn i n t u i t i o n  f o r  estimating the time parameters and 

the aeaning. Users need to  i den t i f y  the d n i a w .  most 

the u x i r w  values o f  the time variable which changes f 

eas i l y  t o  

n te rprc t ing  

ike ly ,  and 

01 batch- 

to-batch I n  the processing. 

p robab i l i t l cs  associated w i t h  a rand- variable according t o  the 

t r iangular  d is t r ibu t ion .  The probabil i t i e s  increase un i fom ly  

The program automatically computes the 
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TABl.gfINC PRODUCTIOY 243 

from the minima value t o  the wost l i k e l y  and then decrease uniform- 

l y  t o  the u x i u m  value. 

selected according t o  t h i s  d l s t r i b u t t o n  as the va uc o f  t h a t  t iow 

va r iab le  f o r  a given run. The program per foms a 1 the bookkeeping 

and s t a t i s t i c a l  computations and then i t  presents the r e s u l t s  

f o r  unagement decis ion making (6).  

In  the si r ru lat ion.  r a n l o r  numbers are 

DATA INPUTS UID UANAGWEtlT IOlFORHATION 

Users o f  t h i s  s imulat ion program are required to  Input data 

f o r  the speci f ic  process and fo rau la t i on  under question. 

2 

o f  a u l t i v i t a a i n  product. 

Table 

shows an exaclplc o f  such input data f o r  the dlrect compression 

A f t e r  these input data are i n  the prograa and the program i s  

run, v r r i w s  forms o f  management i n f o m a t l o n  are generated i n  the 

& t a  output o f  t h i s  prograa. A number o f  runs o f  t h i s  progrsu are 

required i n  order t o  ob ta in  the r i s k  e f f e c t s  i n  t e n s  o f  standard 

deviat ions.  Table 3 i l l u s t r a t e s  the type of management tn fo r -  

o l t l o n  avai lab le from t h i s  program. Since there ws no staging 

step i n  d i r e c t  corpression where p a r t i a l l y  processed u u t e r i a l s  

are stored, there I s  no warehousing cost shown. 

noted t h a t  wrrehouslng o f  f in ished goods inventor ies are not  

Included i n  t h i s  program. The t o t a l  cost  per batch includes the 

cost categories o f  raw mater ia ls  ( i nc lud ing  exc ip ients)  and pro- 

cess cost; whereas the formulator con t ro l l ed  cost  consists o f  on ly  

the exc ip ient  and process costs d iv ided by the standard y i e l d ,  

* h i c h  I n  t h i s  case i s  98%. 

cost  shown are th% costs associated with labor,  equipment de- 

I t  should be 

Further components o f  the processing 
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246 BUCK ET ALL- 

Table 3 

F ina l  Output f o r  Ten Runs o f  the Simulat ion 

Output Average Standard Deviat ion 

Tablets per Catch 

Cost per Batch 

Cost o f  Raw R t e r i a l s  

Exc i p i  en t Cost 

Process Cost 

Fomul a t o r  Cont r o  11 abl  e 
cost 

Cost per Tablet 

STD Yield Cost per Tablet 

Process Cost per Tablet 

Labor Cost per Step 

Labor Cost per Batch 

Cost per Step 

Equipent-Depreciat ion 

Power Costs 

Yarehouse Costs 

Package Costs 

Yearly Production Cost 

Yearly Formulator 
Contro l lab le Cost 

Processing Tim Plus 
Time Between Steps 

Total Labor Time 

Cleaning and 
Prcparatfon Time 

700.000.00 

4.003.37 

3.766.6a 

48.15 

237.19 

291.16 

.005720 

,005337 

.000339 

30.73 

213.13 

471.98 

1.83 

.23 

0.00 

20.00 

$400,386.53 

S 29.115.98 

Ilr .9.017 

Ibn-Hr 39.114 

Han-ltr 30.097 

5.134 

5.299 

. 00000 74 1 

,00000 7 56 

.0000074 1 

,733 

5.134 

.741 

.052 

004 

518.366 

528.945 

.122 

.933 

.9i  r 
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TMLSTINC PRODUCTION 24 7 

prec ia t ion ,  power, uarellousing, a i d  pdckaying. Processing time in  

u n - h o u r s  is a l s o  shown along wi lh  the two c4wponents o f  the  ac tua l  

time to  process a batch, inc luding  the time between processing 

s t a g e r  and the c leaning  and preparaf ion  time. U l t h  t h i s  p a r t i c u l a r  

direct compression r t h o d  o f  processing, these two time carponents 

s i r p l y  add to g ive  the total processing time but  this 1s not the 

case f o r a  t ray-dr ied  net granula t ion .  Ten s imula t ion  runs were made 

for t h i s  example o f  t a b l e t i n g  i n  order to ob ta fn  the standard 

dev ia t ions  shown i n  Table 3. The average value p l u s a n d  minus a 

s tandard  dev ia t ion  r ep resen t s  the  expected ' va r i a t lon  about 68 per- 

c e n t  o f  the time. 

the tiu, slmply mul t ip ly  1.96 t i e s  tlu s tandard  dev ia t ion ,  then 

add and s u b t r a c t  that value frar the.average. 

example, t h e  total  cost per batch would be expected to vary frw 

$3993.73 to  $4014.03 for n in ty  five percent o f  t h e  batches. Uken 

the ac tua l  costs a r e  above o r  belw tlils range, then spec ia l  

n o t i f i c a t i o n s  can k sen t  to  management where these except ion  

cases UY be i nves t iga t ed .  The s l awla t ion  r e s u l t s  can be used in 

t h e  manner shown above i n  order to set c u s t  o r  time ranges for 

exception repor t ing .  Other f o m  o f  reports. such as histograms 

0:  the total  or l abor  costs over the  prokess sequence. a r e  a l s o  

generated when needed as an a i d  f u r  t racking  Jom discrepertcies. 

I t  is, howaver. extremely Importaut to v a l i d a t e  the s i n u l a t i o n  

r e s u l t s  with the cost and pmcessirig tiae of  well ktrown products 

before using t h i s  technique ex tens ive ly  as a w n a g c w n t  aid. 

For an expected v a r i a t i o n  about % percent uf 

In the Table 3 
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248 BUCK trr AL. 

PROGRAM EXPERIMENTS AH0 HANAGMENT DECISIONS 

Besldes the ongoing l lanagennt appl icat ions shown above, t h l s  

production time, cost ,  and r l s k  model provides a veh ic le  f o r  ex- 

perimenting with prospect ive managarant act ions.  

a r i s e  on a1 te rna t i ve  processing methods, batch sizes, equipment 

modif icat ion,  o r  changes In  the formulations and methods. Uken 

such questions ar ise,  the Input  in format lon can be a l t e r e d  t o  re-  

f lect  the change and the program w y  be rerun i n  order t o  evaluate the 

e f  f'ects o f  these changes. The program serves t o  pror i de  a mans f o r  

obta in ing a low-cost rap id  response t o  such management questions. 

liowevcr. i t  should be pointed out  c l e a r l y  thar  the e f f e c t s  on the 

t a b l e t  q u a l i t y  u s t  be estimated by other  means. 

Numerous questions 

In  order t o  i l l u s t r a t e  the use o f  t h i s  s l m l a t i o n  program i n  

experiments which a i d  i n  management dec is ion aaklng, l e t  us con- 

s ider  another m i l t l v l t a a i n  product. 

t a b l e t i n g  ( d i r e c t  compression and wet granulat ion) and two d i f -  

ferent batch s i t e s  (200K and 15001; tab le ts )  were considered. The 

input  data I s  not shown here. Table 4 shows the var ious costs 

and standard deviat ions for these four  condi t ions o f  t h i s  par- 

t i c u l a r  product. 

coaprcssion has a lower expected cost f o r  e i t h e r  batch size. 

Further, i t  i s  easy t o  t e s t  i f  these batch costs are s i g n i f i c a n t l y  

d i f f e r e n t  In  a s t a t i s t i c a l  sense by m i l t i p l y i n g  1.96 tlmes the 

standard dev iat lon,  adding t h i s  amount t o  the lower cost  and 

subtract ing t n i s  amount from the upper cost; the r e s u l t s  are 

Two d i f f e r e n t  methods o f  

I t  i s  c l e a r l y  seen i n  t h i s  case t h a t  d l r e c t  

t 

the upper and lowr l i m i t s  which would be expected t o  ho ld for 
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n l n t y  f i v e  percent o f  the batches o f  t h i s  product; assuming that  

costs vary normally. 

batch s i t e .  the upper 9 7 . 5  percent l i m i t  per lo00 t a b l e t s  by 

direct compression i s  5.548 + 1.96 (0.030) -jS.607, whereas the  

lower 9 7 . 5  percent confidence i n t e r v a l  f o r  wet granulat ion on 

the same basis i s  $5.848 - 1.96 (0.027) = ;5.794. Assuming t h a t  

costs vary normally, there i s  less than a 2: percent chance tha t  

the d i r e c t  compression cost w i l l  exceed $5.607/1000 t ab le t s  and 

less than 21, percent chance t h a t  1000 t ab le t s  by wet granulat ion 

w i l l  be less than $5.794; consequently there i s  l i t t l e  reason t o  

doubt that  d i r e c t  conpression o f  t h i s  product w i l l  be c o s t l y  

than wet granulat ion a t  t h i s  batch s i re .  

batch s i ze  are s i m i l a r  but l ess  d i s t i n c t .  Accordingly. manage- 

m t  can reasonably expect that d i r e c t  corprassion i s  the less 

c o s t l y  method f o r  batch sizes i n  the range exaained. 

In the exaaple a t  Imnd a t  a 200K t a b l e t  

The r e s u l t s  a t  the l a rge r  

Although I t  i s  evident from the analys is  above tha t  d i r e c t  

corpression is the lower cost  method o f  t a b l e t i n g  t h i s  p a r t i c u l a r  

product 

econoric batch s i z e  should be. The answer t o  t h i s  batch s i z e  

for  the batch sizes examined, i t  i s  unclear what the 

question depends not on ly  on the  annual product ion cost  savings 

but a lso on the annual costs o f  finished goods inven to r ies  and these 

costs u r t  be estimated outs ide o f  the product ion cos t  model. 

As l a rge r  batches a re  made there a re  us i rd l ly  decreases i n  both 

the product ion costs and the product ion frequency per year. 

cost  savings per year a re  o f f s e t  by increased quan t i t i es  o f  

f in ished goods inventor ied per year; c rea t i ng  greater  warehousing 

These 
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TABLFTINC PRODUCTXOEI 25 1 

costs. 

year and 4M)K tab le t  batches are made, then each o f  the three 

batches w d e  par year r a i s e  t h i s  inventory i v d i a t e l y  fo l lowing 

prodr;ct?on and the disbursements from uarahousing cause the in- 

ventory t o  drop between batches. Hlren the disbursement r a t e  i s  

uni form over the years and the next batch i s  run near the end o f  

the inventory level ,  the average inventory leve l  i s  equal t o  one 

h a l f  the batch sfre. An increase o f  batch slze t o  600K tab le ts  

for  t h i s  production resu l ts  i n  one less batch per year, an In -  

crease i n  the average inventory o f  t h i s  product t o  300K tablets,  

and an added (or marginal) cost with t h i s  la rger  inventory. 

i s  a lso an expected cost savings per year due to  the smaller pro- 

duct ion cost  per t a b l e t  and the frnar batches per year 

t o t a l  annual savings i n  production per year by increasing the 

batch s i r e  i s  greater than the added annual costs o f  inventory, 

then a batch s i r e  increase i s  economically a t t rac t i ve .  This same 

a r g u e n t  fo l lows for another potent ia l  increase i n  batch s i r e  and 

so for th .  When the marginal annual costs f o r  la rger  Inventories 

i s  equal t o  the marginal cost savings from la rger  batches, then 

the optinnun econoaic batch s ize i s  obtained. 

t i o n  w i t h  increasing batch sizes provide the means for  computing 

the t o t a l  batch costs and these costs m u l t i p l i e d  by the number o f  

batches required per year y i e l d  the t o t a l  annual cost  w i t h  in- 

c r m n t s  i n  batch sires. Uecreases i n  these t o t a l  annual costs 

with batch s ize Increments are the marginal production cost 

savings. 

If the t o t a l  sales for t h i s  product i s  l2OOK tab le ts  per 

Thcre 

If  the 

Results from the simula- 

These savings can be compared with the added inventory 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



252 BUCK rr A L ~  

costs per year caused by the increase in batch slze. 

products do not have a uniform d l s b u r s w n t  frou the warehouse 

over the year and therefore do not have average Inventory levels 

set a t  one-half o f  the batch size, t h i s  assurptlon, o r  one s l u i l a r ,  

can of ten he used asa teasunable approximation. 

noted, however. that the a m l y t i c a l  approach to  f ind ing economic 

batch s i tes  does not account f o r  many pract ica l  l im i ta t ions  caused 

by equipment res t r l c t lons  o r  datlng impllcations to  inventory costs. 

While many 

I f  should be 

tkurarour other management questions ex is t  i n  tab le t ing  opera- 

tions where t h l s  program can a id  the decision makers. When the 

processing equipumit l i u i t s  the batch s ize well  below the ecotioiiiis 

liarit, then theprogram can ba revised to  r e f l e c t  larger  pro- 

cessing capacity equipaent and rerun to see i f  the inveshent  i n  

l w y e r  equipuent i s  j u s t i f i e d  by the cost savings. New foruula- 

tioris m y  be investigatad and various *what if ' questions can be 

addressed drtd answered quickly. 
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