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INTRODUCTION 
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This is a report on •Y two months visit to the Industrial 

Technology Developaent Institute (abbr. IIDI, for•erly 

National Institute of Science and Technology) in Bicutan, 

Taguig Metro Manila, Philippines between October 8th and 

December 5th, 1989. 

According to the job description I had to assist at the 

operation of the citric acid pilot plant and recommend 

aodification of the operation, the scale-up of the pilot­

plant into commercial scale, the design of a large plant 

and in the preparation of the feasibility study. 

Delay of putting into operation of the pilot plant by about 

one year {see Appendix A), has led to a significant delay of 

the Citric Acid Programm~. My fir~t rough impression was that 

it is necessary to complete the plant and some of the most 

urgent requirements are to supply the plant with electricity, 

steam, and water that must be guaranteed. After cleaning of the 

reactors a water run is necessary. 

During the water run all intruments should be tested (tempera­

ture regulation, pH, p0 2 , the aeration and the tightness of 

the plant). If the plant is checked in this way, P.H and p0 2-

probes should be removed and the fermentors are pickled (passi­

vated) by a mineral acid. After approx. 24 hours the process 

is finished, the plant can be ri~sed out, and when the rest 

of the acid is removed, the fermentation can start. 
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At the tiae of ay arrival alaost none of these requireaents 

were fulfilled. Nevertheless, after about one aonth, the pilot­

plant was put into operation provisionally, but the cooling 

supply did not work and the f •T"lllentation teaperature sank to 

20 - 25 oc (the correct teaperature is JO - JJO C). 

The evaporation of water in a tower feraentor without agitator 

( h i g h aeration rates are necessary) is very high and it is 

necessary to introduce heat into the fermentation (bubble 

column effe~t; in a stirred feraentor, heat is introduced into 

the liquid thro~gh the agitator). 

The programme (see Appendix C) was not realized according to 

the schedule. 

I hope that the putting into operation of the pilot-plant as 

a UNIDO-supported project was not the culmination of the pro­

ject, but instead, a conditio sine qua non, or in other words, 

the beginning of the last stage of the project i. e·. a regular 

run and production of citric acid on smalik;cale to estimate the 
j 

data for a scale-up of the pilot plant to co;nmercial scale. 

Otherwise - I am afraid - it would be a misinvestment. 
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The building 
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Approxiaately half of 350 m2 of the ground floor is 

reserved for the citric acid pilot plant. In the saae 

rooa an air supply, cooling water supply, and the control 

panel are located. 
The steam generator is in an adjoining roo~. The building 

has two floors. The second floor through a plant 

can be enlarged for further developaent is not yet finished. 

The exhaust air of the fermentation is blown into the roo~, 

the waste water goes into a small purification plant. On the 

ground floor is a chemical laboratory. This laboratory lodges 

three small (14 litres each) fermentors, laminar flow box, 

shaker, incubator, drier and refrigerator. There is hardly 

enough space for the staff and to work. 

Water, electricity, steam, and air 

In opposition to my last information (see my report from 

May 7th, 1987) that the tap water temperature is lower 

then 24oc and therefore this water is suitable for cooling 

of the fermentor, the tap water temperature is higher than 

30°c. In addition the tap water is onlf disposable 

for a short time daily. for this reason a cooling supply 

is necessary. This device exists, but it depends on the elec­

tricity. The main supplies in Bicutan, however, (not only in 

Bicutan, b~t also in H.H.) are not reliable. 

Short and sometimes long breaks disturb th~ labor. The fermen­

tation requires continuous air supply and it is th~ ~amc as 

with cooling water: without electricity,air is not availablr.. 

An emergency grncrator is absolutely nece~~ary. 
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The Pilot Plant 

Present state 
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The pilot plant is aounted in four fraae constructions of painted 

steel in cube fora. 

Two bubble column f ermentors have a gross volume of 200 litres 

each. The feraentors are slia, the diaaeter to the hight ratio 

1 : 6 is according to ay recomaendation (13 in. diameter to 

79 in. cylindric height). The cooling supply is integrated, 

the steam (electric) generator is outside the plant. The instru­

mentation of both feraenLors is not complete, some sensors ar~ 

not mounted, but the instruaents, transmitter, indicator and 

recorder are integrated in four control panels and located be­

hind the partition wall with a process diagramme and a switch­

board. At present the fermentation air is delivered from three 

overburdened piston compressors; the air is full of oil. This 

will not be tte case with e.g. a screw compressor or roots 

blower. Moreover both air filters are too small. 

In detail 

Indeed the pilot plant is not ready, the air supply is wanting, 

the air distributor is not complete and not adjusted, the 

Kla-values of both fermenters are not known. Yet all these 

things are closely connected: in the first place there is a 

complete air distributor. Sketch No. I shows the present 

state. The covered plate of the distributor is fixed by only 

two screws. This is wrong and an unsuitable simplification of 

the construction; the plain is given by three points and a 

parallel slit between ground and covered plate is necessary 

for a fine distribution of the air. Necessary distance-plates 
I 

are missing. ThP posit.ion of the air distribut.or in the frr­

mentor is unvar~ably fixed. Also ~he best posit.ion is un~nown 
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(p0
2
-measurement), the air distributor must thus be adjust­

able. If the p0 2-probe will be at hand, the optimal aeration 

can be found ( the maximal deflexion of the pointer of the 

p0 2-monitor) according to air supply. In my opinion two 

(or three) small air compressors would be better than only 

one unit: In case of a power failure the aeration rate can 

be reduced and only one cOf'lpressor (or two)· can be provided 

with electricity of the emergency generator. This generator 

is not yet installed. Each black out is a menace for the fer­

aentation. 

The air filters are too small and difficult to handle. 

The stuffed filters have either too high resistance or 

they are not efficient enough. The self stuffed filter is 

a special unit consisting of a cylindrical vessel, dished 

head and bottom, air distributor and air collector. The fil­

ter must be easy to remove and to clean. A stuffing material 

fibre glass wool from FIBREGLASS LTD., type Superfine A 50 

(for example) is suitable. Cotton wool should be avoided as 

a stuffing material, since it is not as sufficient as glass 

fibre owing to its greater fibre diameter and it is more 

easily wetted than glass fibre. A wide range of air filters 

of glass fibre and ceramic candle construction is commercially 

available. Well known firms are e.g. DONMICK HUNTER LTD. in 

England, ULTRAFILTER GMBH in the German Federal Republic, 

Hillipore,Pal a.s.o. 

1he product of the firm ULTRAFILTER (see sketch No. 2) has the 

following dimensions: for appr. 120 m3/hour at 3 bar (the 

filter is laid out for a pressure of 7 bar, the calculatory 

factor is 0,5)120 mm is the diameter, length 140 mm, total 

height 238 mm and the connection fitting 3/4 in. resp. I in. 

The pressure diffcrcncr of a clean filter cartridgr is 

appr. 0, I - 0,2 bar. Max!mal working t.f'?mpr.rat-.Jrr is 200°r. 
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The cartridge filters are to be sterilized·by autoclaving or 

in-line-steaming. A prefilter is recellllllended. The self-stuf~ 

fed.one is cheaper, the efficiency depends on the stuffing. 

The defoaming supply is missing. At present the antifoaming oil 

must be added by hand from the top of the fermentor. At the 

beginning of the fermentation foam is dangerous: 

the spores and later the young mycelium can float into the 

foam and starve. After the addition of antifoam oil it oay 

happen that the spores or the aycelium adher to the wall of the 

fermenter and get lost for the ferm~ntation. 

- The losses of water by evaporation during the fermentation are 

not compensated. The aeration rate in the small fermentor is 

higher than in ~he big fermentor. According to this fact Lhe 

losses in the small fermentor are very high. The thickening 

of the fermentation liquor is unphysiological for the micro­

organism and therefore not desireable. 

Not necessary but useful is a washing device for the cleaning 

of the sight glass in the fermentor wall. Sterile water or 

steam will do, supposed the suitable pipe is available (Sketch 

No. 3) • 

The welding seams inside the fermenter are not polished. 

The rest of cinder is undesireable 

Recommendation 

Air distributor 

Two screws are present. Jt is necessary to supply two addi­

tional screws and four distance plates (s~c skrtch No.I 1. 

J rr.cornmcnd 1·.h1? 1t>e of stretch screwing for thr. air clistrihut.or. 
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Air filtf"r 

I~ would be better to make both filters bigger and 

easier to remove. 
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The check valve in the lh1e aostly brings contami.1ation, but 

does not work. The air pipes are of stainless steel. If the 

fermentor stays without aeration, the mash can rise and fill 

the pipe. If the filter is mounted high enough it remains 

dry. 

The air filters have to be mounted higher t~an the head of 

the fer~entor (see also sketch No. J). 

Instead of the check valve a condensate drainage is better 

and more useful. 

Air compressors 

An air compressor (approximately 120 mJ/hour) requires a motor 

of about 7 to 8 kW. In my opinion this can only be a three­

phase-current motor. In this case a three-phase-current emer­

gency generator is required. A small compressor that·r.eeds s~~ll 

motors may be built as one-phase-current engine. In such a 

ca5e a one-phase-current gen·rator is sufficient~ but instead of 

one compressor three compressors and three motors are neces­

sary. 

Defoaming supply 

A small peristaltic pump (approx. 5 ml/h oi1) and electric­

] evel sr.nsor and indicator ar~ necess:;.ry. 
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Compensation of water losses 
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A peristaltic pump and a timer are sufficient. Approx. 0,5 - 1,0 

litres/hour are needed. The timer must be adjustable for inter­

vals and switch-times. 

Sight glasses washing device 

This point doesn't need further explanations.(See sketch No. 4) 
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Personnel 
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~he citric acid-staff is overburdened if the citric acid 

pilot plant is fully working. It always has to care 

for two domains: the fermentation and the isolation and 

recovery of citric acid. And all this in three shifts by 

work round the clock. In addition at least for the first 

shift an analyst is necessary. Yet in my opinion an ana­

lyst would be necessary throughout the duration of the 

project, the fermentation, the molasses preparation and 

the spore propagation. It would also be an immense aid 

to have an excellent permanent analysis at hand. The per­

sonnel drop out, e.g. on account of pregnancy - the bio­

logists ans analysts are women - is unavoidable. It is one 

of the causes of delay of the citric acid project. 



FERMENTATION L4HIHG ACIDULATIOH 

PILOT PLANT SC~IEDULE 

DECOLORIZATIOH 
DEIONIZER 

EVAPORATION CRVSTALLIZFITION 

---------------------------------------------------------------------------------------------------------------------------------
1st 26 October 27 October 27 October 

2nd 3 Nove111ber ·3 No..,.mber 3 Nov•mber 

3rd 15 November 1• Hov•taber 14 Nov•mber 

.. th 23 Nov•mbe,. 21 No ...... ber 21 NQv•mber 

5th 30 Nov•lllber 28 November 28.Nov•mber 

6 O.Cember An411lysis of results 

28 Octob•r 

3 Nov•mber 4 Nov•mb•r 

14 Nov•mber 15 Nov•mb•r 

21 Nov•lftb•r 22 Nov•mb•r 

29 Nav•mber 29 Nov•mb•r 

29 Oct.ob•r 

5 Nov•mber 

15 Nov•mber 

23 Nov•mb•r 

30 Nov•mber 

> ..,, ..,, 
CTI z 
Cl 
1-4 
~ 

> 



COMPLETION OF'Tl-E PJLOT·PLANT 
< 20-27 OCTOBER 1999 ) 

--------------------------------~------------------------------------------------------------------------------------------------. . . . . . . . . . . . . . . . 
ACTIVITIES : THURSOAV . . . . . . . . 

-----------·----------·-------------·-----------·----------·-----------·-------------·---------------· . . . . . . . . . . . .. . . ' . . 
FRI DAV SRTURDRV SUNOFIV HOHOAV TUES DAV MEOHESOAV THURSOA•/ 

--------------------------
1. El•ctrical Inst..llation: 

MELCHORl'Hl~E 

a. Lo~R.tllot• Switch :•••••••••••••"••••••••: 

b. Pilot. Laiap 
MELCHOR & Ml~E 

:MMMMMMMMMMMMMMNMMMMMMMMMMMMMMMMMMMMM: . . 
2. F..-.. nt.or & Ace•~sories: 

:ROMY /MELCHO~: 
: MMMMMJllllMl•004MMM: a. T..,,.,-atur• SllHlsar 

b. o.o. s.nsor-

c. C02 & 02 S•nsor 

3. Coaipr•ssor 

a. El•ctrical 

b. Piping 

c. Hot.or Ori v• Arc 

4. Piping Installation 

: ' 
.. . 

ROMY & RAYMUND 

:ROMY &MELCHOR: 
: MMMMMMM1104MMMM: 

:MELCUORl'EFREN: 
:MMMMMMMMMMMMM: 

:••··················••: :MELCHOR/EFREN: 
: : M110000•0001!J10004: 

:ROMVIEFREH 
: MMll04MMMJllllMM: 

a. Wat.er t.anlc 
ROMY lie DESUVO 

:MMMMMM~~MMM~~MMMMMMM~M: 
.. ... 

b. Column 

c. St.ea. Insulation 

S. Pane-1 Board 

a. t1i11ic board 

b. CarFM'nt.ry/Paintin9 

6. W.t. Run 

7. St~ S.n•rat.or 

8. Painting of Pilot Plant.: 

9. Sign Board 

:ROMYl'OESUVO 
: "'IMMMMMMM:l4M; 

ROMY/ERWIN/NARCISO 

; 
: M)j!MJICM,._Mi•000004: .. . 
• . 

:HARCISO/RAYMUNO 
: MMMMMM~O,MMM: 

:HEROV 
: Mll411f'l0000004 • 

MELCHOR 

ROMY 
Mll004MMMMMMMM.C: 

MMMMMMMMMMM 0 

:ROMVllJICIE~WIH 
: lllOllMMMNllCMMMllllJICM: 

NARCISO 
: MMMMMllOllMMJllllCMM: •bcl021BS: 

> .,, .,, 
t'l"J 
:z: 
0 ..... 
>C 

= 
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~G PROOWH: 1987 
================:.======= 

11IE SOIEDUL£ 

MG NT HS 
1. Improvement of fermentation technology 

a) strain improvement l - 3 

b) optillli.zation of parameters for 

the production of citric acid 

cl recovery and purification 

of citric acid 

2. Pilot plant production 

a) fabrieation of local equipnent 

b) installation of equipment 

c) preliminary rw1 

d} operat i!lg 

3. Training of engineers and 

technologists in design, con­

struction and operating of 

Citric Acid 

4. Consultant coming 

a) 

b) 

J. Kominek 

A. Celineo 

c) M. Rohr 

S. Construction of the Pilot Plant 

building 

2 - 3 ' , 

,2 - 3; 

I l - 4 

4-6 7 - 9 

4 - 6 .; 
I 

10 - 12 
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complete filter 
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1 stainless supporting jacket 

2 pr£f ilter 

3 micro-fibre-fleece-filter 
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4 silicon sealing 
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