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Appendix I-A

A Case Study of
Acetaminophen Production

Summary

‘1’he  ol]jeclil’e ot’ Ihis c a s e  slud~  is 10 denmnstriite

the [?cononlic t’t?asihilit.v  of applying a genetically
engineere{i strain to n]ake a chemical product not
tlmv produced bv t’t?i’lll[;ilt:itio[l..

E3ACKGR0UNIl

tl(;[?tiit]~it~()~)ll[~tl  (~\P~]II)  M’as chosen for the c a s e
Stll[ltV.  /1S till ;llliil~f?Si(:, it lii(YliS Sollle of the side ef-
fects of aspirin, and is the largest aspirin substitute
on the market. Around 20 million pounds (lb) are
manufactured annually. Mallinckrodt,  Inc., produces
60 to 70 percent; the remainder is llliillllf’:l{:  tlll’e(~  pri-
maril~~ b-v (;l](~ Itltt?l>lliltioll:il iitld Nlo]lsiinto”  (1).  A PAP
is sold to l~(?i~ltl~  [;iil’[? (;ol~~l]iitlies,  ~i’hich  [~~iit’k(?t it to
ret a il(?rs.

‘1’he  hfcNeil  (k)IlstItl]er  Products di~’ision of John-
s o n  &, J o h n s o n ,  itrhich ll]ill’kt~ts APAP  Lllldel’  t h e
tt.ii(!e IIiIIIM?,  ‘J~vl(?IIol,  h{is th[~ l:it’~~st shaI’~ of t h e
market. (her a dozetl other con~panies in the United
Stilt[?S S[?11 it Lllld(?l’  othel”  tl’;id(?  Iliill](?!j.

one  ch[?n]  ical l~]ittlllf~i(;tllt’(?l”s  bulk selling  price for
,lp,]p is ;,~-{~~~~~{i  $~G~~/]l),l BV th(? tin]e  the consumer

f)l]l’{:hiis[~s it ilt the [Itsug  st[)i’e, the markup results  in
ii selling price ot” ill’(llill(i  $25 to $50/ltl, (iepen[iing  011
[iosagf? anci package sixes. ‘1’hus,  the? total t’alue of
,\Ilt~p to t}l(? ll];lllllf~l(:tlil.f?s k S0111[!  $~o  Il]i]]bn  annu”

illl~,  wh i le  t i l t?  totill  re ta i l  \’alU{?  fallS in th(? 1’iill#? O f
$500”  million to $1 billion.
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●

●
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APPROACH ES

A (:olls[;l’~’;lti~~[? approach }i’as taken, in that onley a
(}otl\’[?Iltiotl;il” batch fermentation process was con-
si(iermi.
\’arial)les were  selectwi i]ertaining to the choice of
the microhial pathway; the nature of the feed-
s t o c k ;  con~rersion ei”ficiencies  of  feedstock t o
~1 PA P; anci the finiii yielci of APAP.
(;osts  were basefi  on proprietary processes involv-
ing startup, large-scale fermentation, and recovery
of /1 PA P.
(k)sts were itemized for materials and supplies;
li~t)or  tiistributi on; utilities (hroken down by specif-
ic energy l’e(ll]il’[~t~]t;tlts i~(;~ot’ciitl~  to process and
equipment ); equipment  (groupe[i  according to

●

●

●

●

process); and builciing l’e(l~lil’t~ll~t~l~ts (S]}iiCt?  nee[is
allocate~i  accorfi  i ng 10 process).

CONCLUSIONS

‘1’he  projected cost for illiiilllf~i(:tll]’iflg APAP  b-v

means of hatch t“(;l”ttl(;llt[itioll, using a genetically
engineered strain, amounts to $ 1.OS/111.  This cost is
based on a plant pro(iucing  10 million 11] of APAP
iill Iltliliicv.
A S  a I}llle (It’ tht]l~ll), tht? ~1’OSS  tl)iirgitl ~01’ lllal~l]fa~-
t~ll’e O f  ii (:hellli[:iil  SIICI1 ;1S /11]111) ShOUld  aJ)Pl’OX-
imate  50 percent of SiiieS. ‘1’}1[?  gross margin repre-
sents the profit before  general ami ilcifllitlistl’;iti~’e,
marketing an~i selling, anci research an[i (develop-
ment expenses. ‘I”IIC ~1’OSS m a r g i n  f“ol” iill of the

prd~]cts  miide by hliillii~(:ki’()[it, th(? largest  illii[l-
llfilCt U1’el’ of l~~~~p, iilllollfltd  to ~~ iiild 37 p(?l’Cellt

of Siil~S  in 1977 itll(i 1978,  resfmctil’el.  v.z The gross
lllill’~ill  fol”  NIOilSilIlto,  ii lllLICh  liil’~t?l’  Colllpiilly
thiin  hfiillinckrodt  I)llt  it sll~iill[?l’  il]iltll]fii~tlll’~1’  of
,][JAI}, ill]l{)~lllt(?~i [() 27 illl[l 26 })(?l’C(~llt (If all SaJeS

in 1976 illl(i 1977, l’t?S~)eCt  i\wlv.  s It’ ttl(? @’OSS llliil’-
g in  f[)r  APAP is iis hi@ iis 50 - p~?r[:ent  of si~les, its
Clll’1’ellt  C O S t  Of lllilllllfiI(lt  Llf’[? ShOUlti  iilllOLlllt  tO
$1.325/11),  based On ii bltlk selling price of $2.65/111.
Therefore, its projectmi cost ~then pr(xiuced  l~y
t“ernlentiition  is around 20 percent I(n%’er  than its
estimateci cost  Whetl pro(iuce(i  b-v Cht:llliCiil s.Vn-
thesis.
If the selling price of APAP protiuce~i hy fel’llletltii-
tion is l~]iil.kd LIp 100  percent, the bulk selling
price becomes $2.10/ib.  This decrease of $0.55/lb
could be transformed into cost savings of around
$5 to $10/lb to the consumer. These economies
would result in an annual cost saving to the con-
sumer of $100 million to $200 million.
(hrrent processes for synthesizing A PAP from
nitrobenzene  do not ii~pei~r  to pose significant
pollution problems, iilthOU~h  ii number Of s i d e
products are formed anti must he renwved.4  5 G
Howe\~er,  ii fermentiition process would be even

1 Klilll  i 11(’A 1’()(11, I IN’,, ,4/11111;1/  /{ f’/)(Wl, I !)7M.

‘Jll)ll%illllo  ( ‘(). , ,,ltl/)t/;l/  Ii f’ixwl, 1 !)77.
it{, (;, 1](,1,11(,111 11),.()(,(IS5  [~)1, ))1(,1~:11.illg  ,\illilloj~llf)tlol,”” 1 ‘..S. P;ll(’111

:i,:itKi,4  16, I !)68.
‘l:. J\. I ! i l l ’ o i l ,  1{.  ( ; .  Ii(’11111’l’,  illl(l \. l’,. \\’(’illl)(’l.g,  “1’111’il’i(’ill  iotl  of

/)-,\lllitlol)ll(ltlol,” “ ( 1,,$.  p;~/(,/1(  :],(;:)4 ,3(18, I !)72.

“ l ” .  \.  I}ill’oll  itll(l  R.  ( ; Ik’1111(’l’, ,11(11.if’i(.;l[iol~  (]1’  /).l\ll]illol)ll(,llol,””

( ‘.s. }’;llrlll :},7 I 7![;so,  I !)7:}.
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270 “ Impacts otApplied Genetics —Micro-Organisms, Plants, and Animals

(~]eiiner. (111].v A  PAP W(IU]d iiccL]n~uliit~: ill] ~thel’
llM?tiit)Olitt?S  il[’(? lliitlll’illl.’  occurring. Even nlicro-
()]’~iitlit+nls  COLIM be c[dl~(:t(d  itft~r  ~iich  biitch  iind
I)IYXXSSCX1 into ii ciik~  tot” US~ iis ii high protein
illl  illlill feed.

Biological parameters

MICROBIAL PATHWAY
A  p r o p o s e d  ~iithwii~ for convertin~  aniline to

A PAP viii the il~et~liiti(}n  of iin intermediilte, p-amino-
phend,  is shown in figure l-A-l. !’iiI’iOLIS  fungi have
ken identified in which these reiictions occur.7  s 9

7R. \’. Smith atld J. P. Rosii~~a, “hlk]sobiiil  Models of Miill~nli{liiitl

hfetiibolisnl,  ’” J. Pharmarxw. Sci. 64: 1737 -17s9, 197s.
‘R. t’. Smith iilld J. P. liosit~~a, “M icrol)ial Models of Mammalian

hl(?tiil)olisn):  Aron)iilk:  H.vtit.l]xvlatiotl,  ”  Arch. Biochern.  Biol]hvs.

16 1:551-.5.58,  1974.
. .

‘\’. R. klunzner,  It. hlutschlwl iind  h!. Rummel,  “Llher  die n)ikro-
I)iologische unwandlung N-hitltiger substrate” K:oncerrling the
Microbiological “1’1’utlslol’nlatiotl  of N- containing Substrate), Plant
Medica 1 s:97- i03,  I Y67.

Figure l-A-l. Bioconversion of Aniline to APAPa
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t~ltertliitiv~l.v,  ilniline  could he ii~et.yliited d i r e c t l y
forming i[cetiit~ilide, which in turn would be hydrox-
~liit~d to A PAP. ‘“ ‘‘ 12 A l~un]her of Streptomyces  spe-
c i e s  hiiv~  heen  f(}u[ld to cotlvei’t iicetitnilide t o
APAP.13  “1’he  ~iithwii~  hnrolvhlg  p-iiminophenol  w a s
chosen simply be(:iiuse the conversion efficiency of
it~et ic ii~id to A PAP would l)e slightly  higher  if acetic
iicid entered the ~\’erilll l’~il~t ion i]t the second step
[’iith~[. thii[l iit the first step.

HOST MICRO-ORGANISMS
The most suiti~hle  ltlicl>()-()l.gi~tlisn~  for production

of APAP in ]iir~e-s(~iil~  fermentiition  may not neces-
Sill’iluV he one thilt 1101’ llliill~ nletilbolizes aniline 01’

~)-itl~~il~~~llet~ol. While ii hycterium  might serve as ii
Sllitiit)k  host for insertion iitld expression of the recl-
uisite genes, it yeiist il~ii~  represent ii hetter  choice. [t
will Prot]iit)l.v more closeltv resemble the organism
[IWIN which the genes are isoliited.

Fermentation efficiencies

CONVERSION EFFICIENCIES
The n]olilr  iil]d  weight  conversion efficiencies for

the hioconversion  of feedstock to product are  pro-
jected in tithle 1-A-1. ‘l’he bioconversion  of aniline to

Iuslllit  h, et al., op. d.
I 1 hfun~n~r,  [?t  ill., op. rit .
“R. J. ‘1’heriiiult  iil~d ‘l’. }1. l,ongtieki, “hlicrohial  Conversion of

Acetiinilide  to 2’-llydl’oxyii(:etal~i]ide  and 4’- Hydl.oxya(:etiil]  ili[ie, ”
Ap/.  ,\ficrobio/.  15: 1431-1436, 1967.

131hid.

Table I=A-l.—Fermentation Efficiencies to Meet the
Requirements for the Production of Acetaminophen

(APAP) From Aniline

Overali  molar conversion efficiency of:
(a) Aniline to APAP. . . . . . . . . . . . . . . . . .
(b) Acetic Acid to APAP. . . . . . . . . . . . . .

Overali  weight conversion efficiency of:
(a) Aniline to APAPa . . . . . . . . . . . . . . . . .
(b) Acetic Acid to APAPa . . . . . . . . . . . . .

Utilization of:
(a) Aniline in fermentation broth . . . . . .
(b) Acetic acid in fermentation broth . . .

Production of APAP in broth . . . . . . . . . .
Batch volume . . . . . . . . . . . . . . . . . . . . . . .

Recovery efficiency. . . . . . . . . . . . . . . . . .
Yield of APAPlbatch . . . . . . . . . . . . . . . . .
Number of batches/year . . . . . . . . . . . . . .
Annuat  yield of product. . . . . . . . . . . . . . .

90.25Y0
95.0

146.5
239.1

2.28 lb/gal
1 .39)gal
3.34 lb/gal
33,500 gal

90.0 %
100,701 lb
100
10,070,100 lb

aApAp  = Npacetyl.p.amlnophenol  = acetaminophen  = p.acetamidophenoi  = P-
hydroxyacetanilide  =Tylenol  (trade name of McNeii  Laboratories).

SOURCE: Genex  Corp.

%erait weight conversion of precursor to APAP =
molecuiar  weight of APAP x molar conversion efficiency
molecular weight of precursor of precursor to APAP
SOURCE: Genex Corp.



Appendix l-A—A Case Study of Acetaminophen  Production ● 271

~\f}/\ P inlwh’cs two steps. ‘1’he  product of the inciivid-
II;II I’t?il(;t  i o n s  f’ol”  [?it(Yll St(?j)  l’(?pl’E!St?lltS  the  ()\’(?I’iill
con\wrsion  (? fficit?ncv.  tl Illolill” conversion efficiency.
of !)5 l)eITCIII  \t’iis iisslltll[![l tot” ~ii(;h step.  This i~iill]~
i s  l)ilS(?({  011 ii nlultitud[?  of  l’t?pOl’t  S Clelll(lllStl’ilt  ill~
Sillliliil’  Illolill  ” colli’crsion  ef f iciencies tot” alliilO~OLIS

I)io(;ht?llli(:ill  l’(?it(:tiollS  lllld[?l’ ii(~tllill  f“(?l’lll~ll  tiltioll

c o n d i t i o n s .  I 4

PRODUCT YIELD

‘1’he yield of /\P/lP projected in tiihl~ l-A-l is I]iisd

011 t;st  iil]iitill~  ii rittio  of J() pCIYWIIt  weight to VOIUtI]~
(i.e., 4(1 II) pt?t’ 10(1 gilllollS (g:Il) Of teI’lllelltiitiO[l bl’Oth)
I)rior to 90 pcr(x?tll  r(?(xn(?r~ . Such ii high yield is per-
n]illcd })[?(;iills[?  ()[” th(! poor”  soluhi]itv of APAP under
()~)(?t’iit ing condi[ ions. /\s ii IWSLI]I,  h@ IC\r~]S  of  APAP
\\’olll[l  llil\’[!  110 il[l\’(?l’S(?  t?f’t’(?(;t  011 tht? h O S t  llliCl’O-Ol’gil-
nism. [ lse of insoilihlc s.vstcms in f“f~t’ill[?lltati(~ll  hilS  in

fact been reported in recent years—e.g.,  in certain
microbial transformations of steroids, yields of 40
percent may result due to the insolubility of the
product.

III{  J il)l)O  II, ‘ I I I II II 11)1)11 Izlt(l((lll  s , ’”  ill ,\/i/l{/;~//{fJ/~(jrl,s  (m/.’rrlll(vl-
/;i/i(~/t /)l’(l(’(’<s,s( ’ . $ ,  \(ll 1 ,  1 )  1)(’t”llllall  (I’(l)  LY(}lt }ol’h: \(’il(l(’llli(’
l,l!,,~>, 1!)77),  ])]) zo.T-2:l:\

Table l-A-2.—Summary of Production Conditions
of APAP

Economics

PROD1JCTION RE[~lJIREMENTS

liow  the tiiriolts  production t’[?c~llil’[?tlletlts  would
I)t? m e t  during  th(? Inicl’ohiill  tl’illlSfol’lllilti  oil” of” illli-

Iine to tlPAP  is SLlllllllill’iZ[?d  ill tiihlt?s I-A-1 iin(~ 2. Ani-
Iin(? ittld ii(:(?ti{: ilci[i  WOUl(i  not i)[? it(i(id  to tilt? f[?l’-

Illt?lltiltioll  1)1’ottl  iiii i l l  ollC(?  t)llt  l’iitil~l-  step-wis[?  il(Y-

(x)r(i  ing  to til(?ir  i’iit~s of” coniwrsion.  ‘1’he  pi;~nt ivoui(i
(X)lltilill  tlt’()  5 0 ,  ( ) ( ) (  )-~ili  f(?l’lll(?ll  t[?l’S,  i%’hictl i n  th[?
(:0111’S[?  of il .Vf?iil’  W’olli(i  .vi[?i{i 1() n~iliion lb Of t\ PAP.

PRODUCTION COSTS

‘1’ilt? COStS  fO1’ ttl[? illllllliil  ~1’OCiLICtiOll  iI1’~  SLlllllllii-

riz(?ci  in till)i~  I-A-3. ‘1’he.v iit’[?  I)rok[:t)  dO\VIl  into their
Illiij(ll’  COllll)oll[+lltS  iill{i iil’e (? Xpl’[?SSf3[i  i)otil  ii!$ iillllllill

COStS  iilld ii!+ unit  COStS.  Ik?tiiil[?(i  tlUCi#?tS  t[)l’  tht? t’ill’i-

0 1 1 S  C O S t  (X?llteI’S  ill’f?  ShOWll  in tillll~S  1-A-4 till’  oll~il

l-A-lo. Miiteriiils iiild suppiies  iir~ describe(i in tiil)l(?
l-A-4; iilhol” [iistrihut ion in tiil)]~  l-A-5; utility  requir (?-
Il?ellts i n  till)l[?S l-tl-~  tilrOu~h  I-t\-/l;  equipnlent  ill

till)le  l-/~-9; i~lld sj)ilc~  Isf;(ll]ii>[?ll][+flts  in tiil)l~  I-A-IO.
‘1’ilis  iiiliil~sis l’[?~~~iils ii unit (;ost Of APAP [?({iiiii to
$1 .(wit).

Table 1. A.4.—Materials  and Supplies for
Production of APAP

Number of fermenters . . . . . . . 2
Size of fermenters. . . . . . . . . . . 50,000 gal
Operating volume . . . . . . . . . . . 33,500 gal
Cycle. . . . . . . . . . . . . . . . . . . . . . 7a
Batches . . . . . . . . . . . . . . . . . . . 100

%-day fermentation, l-day turn around.
SOURGE: Genex Corp.

Materials Cost/batch Cost/year
Fermentation
Fishmeal (l.5% @ $0.155) . . . . . . . $ 648.68 $ 64,868
Glucose (1.5% @ $0.1535). . . . . . . 642.40 64,240
Lard oil (2.5% @ $0.325) . . . . . . . . 2,266.88 226,888
Mineral salts (4,215 lb @ $0.05074) 213.77 21,377
Aniline (76,250 lb@ $0.42). . . . . . . 32,027.52 3,202,752
Acetic acid (46,680 lb@ $0.245) . . 11,436.60 1,143,660
Miscellaneous (1OYO  of basic

materials). . . . . . . . . . . . . . . . . . . 377.17 37,717
Subtotal. . . . . . . . . . . . . . . . . . . . $47,613.02 $4,761,302

Table l-A.3.—Summary of Costs of
Production of APAP

Annual cost Costllb
Materials and supplies . . . . . . . $ 6,133,802 $0.6091
Labor. . . . . . . . . . . . . . . . . . . . . . 2,012,140 0.1998
Utilities. . . . . . . . . . . . . . . . . . . . 630,200 0.0626
Equipment . . . . . . . . . . . . . . . . . 1,377,590 0.1368
Building . . . . . . . . . . . . . . . . . . . 439,399 0.0436

Total . . . . . . . . . . . . . . . . . . . . $10,593,131 $1.0511b

Annual production = 10,070,100 lb

Recovery
Filter aid(0.21b/gal  @ $13). . . . . . . $ 871.00 $ 87,1OO
Other chemicals and supplies. . . . 1,600.00 $ 160,000

Subtotal . . . . . . . . . . . . . . . . . . . . $2,471.00 $ 247,100
Finishing
Packaging (1,255 bag units

at$0.80)  . . . . . . . . . . . . . . . . . . . . $ 1,004.00 $ 100,400
Other (labels, stencils, etc.). . . . . . 1,004.00 $ 100,400

Subtotal . . . . . . . . . . . . . . . . . . . . $2,008.00 $ 200,800
General supplies
Maintenance (4°Aof  capital investment) . . . . . . $ 425,900
Other (laboratory office, plant miscellaneous) . 498,700

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $6,133,802

SOURCE: Genex Corp SOURCE: Genex Corp.
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Table l-A-5.-Labor Distribution for Production of APAP

Salary and wage cost
Category Man-hours per week Hourly rate $/week $/year
Supervision
General manager . . . . . . . . . . . . . . . . . . . . . . . . .
Superintendents. . . . . . . . . . . . . . . . . . . . . . . . . .
Managers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Supervisors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hourly rated employees, services
Laboratory

Level I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level Ill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level lV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maintenance and engineering
Level l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level lI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level lIl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hourly rated employees, production
Fermentation department

Level l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level Ill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level lV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Recovery department
Level l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level Ill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Level IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subtotal. ......, . . . . . . . . . . . . . . . . . . . . . . . . .

40
80
80

320

80
80

120
40

240
240
240
160

200
240
80
80

320
400

80
120

. . . . . . . .

20
17
15
12

10
8
6
5

10
8
6
5

10
8
6
5

10
8
6
5

...,. . . . .

$ 800
1,360
1,200
3,840

800
640
720
200

2,400
1,920
1,440

800

2,000
1,920

480
400

3,200
3,200

480
600

. . . . . . . . . . . . . . . . . . . . .
Add overtime@ 6% x 1.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Add fringe benefits @25%. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total salaries and wages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

$  41,600
70,720
62,400

199,680

41,600
33,280
37.440
10,400

124,800
99,840
74,880
41,600

104,000
99,840
24,960
20,800

166,400
166,400
24,960
31,200

$1,476,800
132,912

$1,609,712
402,428

$2,012,140

SOURCE:GenexCorp.

Table l-A-6.-Steam Requirements for
Production of APAP

Operation Lb/batch

Sterilization, fermenters, and seed tanks:
Heating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52,100
Holding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20,000

Sterilization, piping, and equipment (other) . . . 20,000
Heating acetaminophen solution (recovery) ... 163,500
Drying, turbo dryer. . .. . . . . . . . . . . . . . . . . . . . .200,300
General purpose usage . . . . . . . . . . . . . . . . . . . . 50,000

Total. . . . . . . . . . . . ......................505,900

Cost at $5.00/Mlb:
Per fermenter batch =$ 2,530
Per year (100 batches) =$253,000

SOURCE:GenexCorp.
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Table l-A-7.–Electricity Requirements for Production of APAP

Units/batch
Connected load HP kW (hours operation) kWh
Fermenters. . . . . . . . . . . . . . . . . . . . . . ........200
Seed tanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47.5
Chillers . . . . . . . . . . . . . . . . . ................580
Air  compressor   .  . . . . . . . . . . . . . . . . . . . . . . . . .275
H a r v e s t  t a n k . . . .  .  . . . . . . . . . . . . . . . . . . . . . . . . 1 0 0
Decanter  centr i fuge.  .  . . . . . . . . . . . . . . . . . . . . .120
Process tanks.  .  .  . . . . . . . . . . . . . . . . . . . . . . . . .300
Crystal l iz ing tanks .  . . . . . . . . . . . . . . . . . . . . . . .300
Turbo dryer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Cooling tower.. . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Pumps (est. =6@ 7.5) . . . . . . . . . . . . . . . . . . . . 45
Lighting, instruments and general load. . . . . . . 25

Total kWh . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

@O.05/kWh = $3,469 per batch
@100 batches/yr= $346,900 per year

149
35

433
205

90
224
224

22
30
34
19

144
24

86
11
52
19

23
144
144
144

21,456
840

4,763
17,630

825
4,680
4,256
2,464

4,320
4,896
2,736

69,372

SOURCE:GenexCorp.

Table I-A.8.-WaterRequirements for
Production of APAP

Gal/batch
Fermentation . . . . . . . . . . . . . . . . . . . . . . . . . . 35,000
Tower makeup . . . . . . . . . . . . . . . . . . . . . . . . . 63,000
Process loss . . . . . . . . . . . . . . . . . . . . . . . . . . 100,000
Chilled water makeup. . . . . . . . . . . . . . . . . . . 30,000
Direct cooling . . . . . . . . . . . . . . . . . . . . . . . . . 50,000
General use..... . . . . . . . . . . . . . . . . . . . . . . 25,000

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303,000 gal

Process Watergate =$1.00/M gals
cost = $303/batch
100 batches/yr =$30,300/year

SOURCE:GenexCorp.



274 ● Impacts of Applied Genetics —Micro-Organisms, Plants, and Animals

Table l-A-9.—Equipment Costs for
Production of APAP

Receiving and batching area
320,000 gal steel aniline storage tanks,

insulated and cooled - @ $47,000 . . . . . . . . . . . $ 341,000
220,000 gal aluminum acetic acid storage

tanks, insulated and cooled - @ $71,300 . . . . . .
110,000 gal steel nitrogen storage tank with

controls and instruments. . . . . . . . . . . . . . . . . .
110,000 gal steel lard oil storage tank,

insulated and heated . . . . . . . . . . . . . . . . . . . . .
110,000 gal stainless steel Batch tank with

programmable controller and agitator. . . . . . . . .
21,700 ft3 stainless steel Hopper bins with

conveyors - @ $58,100 . . . . . . . . . . . . . . . . . . . .
1 Electric forklift truck . . . . . . . . . . . . . . . . . . . . . .
Fermentation and seed area
1150 gal stainless steel seed vessel, fully

instrumented. . . . . . . . . . . . . . . . . . . . . . . . . . . .
12,500 gal stainless steel seed vessel, fully

instrumented. . . . . . . . . . . . . . . . . . . . . . . . . . . .
250,000 gal stainless steel fermenters, fully

instrumented with central control room -
@ $399,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Recovery area
150,000 gal stainless steel process tank,

cooled, agitated and insulated . . . . . . . . . . . . .
13,000 gal steel filter aid slurry tank

with agitator . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 Stainless steel continuous decanter

centrifuge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2100,000 gal stainless steel process tanks,

insulated with external steam injection heater,
pump and agitator- @ $333,000 . . . . . . . . . . . .

342,600

47,000

22,300

59,500

116,200
11,400

125,000

169,000

798,000

195,000

11,300

167,000

666,000

120,000 gal stainless steel side-entering surge
tank with agitator . . . . . . . . . . . . . . . . . . . . . . . . $ 56,100

350,000 gal stainless steel crystallizing tanks,
insulated with heavy duty cooling coils and
top-mounted agitator - @ $195,000 . . . . . . . . . .

1 Stainless steel turbo tray dryer. . . . . . . . . . . . . .
23,500 ft3 stainless steel hopper bins-

@ $66,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 Bagging unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4 Stainless steel finished product conveyors-

@ $12,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Auxiliary equipment
31,500 c.f.m. reciprocating air compressors -

@ $168,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Laboratory and office equipment , . . . . . . . . . . . .
Chillers, 500 ton total capacity . . . . . . . . . . . . . . .
1 Cooling tower, 1,500 g.p.m.. . . . . . . . . . . . . . . . .
35 Pumps and motors, various sizes. . . . . . . . . . .
2 Dump trucks -$12,000 . . . . . . . . . . . . . . . . . . . . .
Ventilation, general and spot - @ 7.5%

of equipment. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Piping, general, materials and installation -

@ 7.5% of equipment. . . . . . . . . . . . . . . . . . . . .
Miscellaneous equipment (hand tools, etc.) -

@ 5°A of equipment . . . . . . . . . . . . . . . . . . . . . .

585,000
653,000

132,000
20,000

48,000

498,000
650,000
575,000
210,000
104,700
24,000

583,791

583,790

389,194
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $7,783,875

Annual charge for capital recovery over 10-year
period, with 12% interest compounded
annually ($7,783,875 x 0.17698) . . . . . . . . . . . . $1,377,590

SOURCE: Genex Corn.

Table I-A-10.–Buiiding Requirements for Production of APAP

Area Gross space ft2/ft3 Unit valuea cost
Central office . . . . . . . . . . . . . . . . . . . . 940 41.00b $ 38,540
Laboratories. . . . . . . . . . . . . . . . . . . . . 4,500 70.00b 315,000
Warehouse . . . . . . . . . . . . . . . . . . . . . . 2,000/36,000 27.00b 54,000
Batching . . . . . . . . . . . . . . . . . . . . . . . . 1,000/30,000 1.75 52,500
Fermentation (including seed) . . . . . . 6,000/320,000 1.75 560,000
Harvest, filter . . . . . . . . . . . . . . . . . . . . 3,500/169,000 1.75 295,750
Processing, crystallization . . . . . . . . . 8,700/470,000 1.75 822,500
Drying, finishing. . . . . . . . . . . . . . . . . . 5,000/270,000 1.75 472,500
Warehouse, finished product. . . . . . . 11,000/200,000 27.00b 297,000
Auxiliary equipment. . . . . . . . . . . . . . . 4,300/154,000 1.75 269,500
Maintenance, engineering. . . . . . . . . . 11,500/207,000 1.75 362,250

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $3,539,540

Amortization over 30 years@ 12% compound interest $439,399C

aunit  values in cubic  feet except where noted by “b.”
bunit value in square feet.
cAmortizatlon  = 0.12414 X tOtal.

SOURCE: Genex  Corp.


