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Dear Sir,

Palm Oil Processing Wastes

We refer to your letter of instruction of 28th August 1970 and are
now pleased to submit our Report on Palm 0il Processing Wastes. We hope
that this Report fulfills our terms of reference to your satisfaction. We
ghall be pleased to answer such queries as may arise and we would be glad to
advise and expand on experimental needs or make detailed proposals for
individual mills should you wish.

For your convenience we summarise below our recommendations and.
conclusions. ;

1. SUMMARY OF RECOMMENDATIONS AND CONCLUSIONS

1.1 This Report is a preliminary review, dwelling on the problems of
palm oil waste treatment and disposal in broad terms only.

1.2 We limit detailed consideration to the steriliser condensate and
the clarification sludge and discuss the extent of the problems created by
these wastes when discharged from a generalised mill processing 10 ton
f.f.b./hour.

1.3 We estimate that the wastes from a single 10 'ton f.f.b./hour mill
_are equivalent in terms of pollution to the domestic sewage from a town of
over 51,000 population. St BT

1.4 We estimate that in terms of biochemical oxygen demand, the total
volumc of palm oil waste discharged from mills in West Malaysia during 1970
would be equivalent to the domestic sewage from a population of about 6.5
million. We estimate that the population equivalent_will have risen to
about 9.0 million by 1974. 3

2.5 We emphasise the highly pollutirg effects of these wastes on
receiving waters.
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1.6 We consider that a standard of 30 mg/l (milligrams per litre)
suspended solids and 20 mg/l biochenical oxygen demand could reasonably be
imposed on the discharges from some of the palm oil mills in Malaysia.

1.7 We discuss in yeneral terms possible treatment methods.

1.8 We make broad recommendations for interim methods of tr2ating the
wastes. We suggest treating the two principal wastes separately, using
anaerobic digestion techniques for the clarification sludge and stabilisation
pond treatment for the steriliser condensate. We estimate a capital cost
for these methods of treatment of the wastes from a 10 ton f.f.b./hour mill
to be within the range $M415,000 - 585,000. a

1.9 We discuss possible methods of recovering useful by-products from
the wastes, and we suggest certain approaches that are worthy of further
investigation. s

1.10 We recommend that particular attention should be paid to those
mill operations which affect the volume or nature of the wastes.

1.11 We propose that detailed analytical studies should be carried out
on the wastes at a number of carefully selected mills.

1.12 We recommend the initiation of certain specific experimental work
better to assess the efficiencies of possible waste treatment processes and
we estimate the costs of this work at £M50,000: This sum excludes staff
and labour costs and the cost of the design and supervision of operation of
the experimental plant.

1.13 We compare pollution attributable to palm oil mills with that from
other major sources and tentatively conclude that palm 0il wastes are probably
the most significant single source of river pollution in Malaysia.



2. TERMS OF REFERENCE

In your letter of 28th August 1970 you agreed the terms of
reference we set out in our letter to you of 5th August 1970; these are
as follows:

2.1 o review existing data on the magnitude, the disposition and thc
predicted growth of palm oil producing centres.

2.2 To visit a small number of processing plants (say six) for the
purpose of assessing production methods and basic production variations.

2.3 To review existing data on the average nature and biodegradability
factors of the wastes or, if insufficient data exists, to propose and super-
vise analytical procedures for the carrying out of appropriate tests in mill
laboratories. g

2.4 To describe the various methods available for reducing the
polluting factors in the wastes to standards set by national authorities,
including recovery methods; and to make recommendations, with costs.

2.5 To describe broadly, by recourse to published or recorded facts,
the scale of pollution problems arising from other sources, for comparison
with those from selected oil processing mill wastes.

We emphasised in our letter that this Report would be no more
than a preliminary review, dwelling on the problems broadly rather than in
time-consuming detail and that we thought it should provide you with a
basis and reference for future action, following which proposals for
individual factories or groups of factories could be described in detail
as and when the need arose.

3, SCOPE OF INVESTIGATIONS

Following preliminary meetings in Wesi Malaysia during August
attended by our Partner (then Partner-designate) Mr. J.R. Preston and
Associate Mr. J.M. Sidwick, detailed investigations were carried out by
Mr. Sidwick in West Malaysia between 9th and 16th Septerber and again
between 22nd and 30th October 1970. During these investigations we visited
six palm oil mills and also attended many meetings to acquaint ourselves
with the technical aspects of the general problem. it

In addition to our investigaticns in West Malaysia, we initiated
a literature survey into the nature, effects and treatment of palm oil
wastes (Appendix A) and arranged for filtrability studies to be carried
out on our behalf by the Water Pollution Research Laboratory at Stevenage,
England (Appendix B). We also made contact with the Tropical Products
Institute and the Rubber Research Institute in England and were advised by
our Consultant, Professor P.C.G. Iszac of Newcastle University.

4. REVIEW OF EXISTING DATA ON THE MAGNITUDE AND PREDICTED GROWTH OF THE
PALM OIL INDUSTRY

We have obtained some general data on the present and future
production of palm oil and the total acreage of oil palms in West Malaysia
and in Sabah. Some of these data are conflicting, but we think that the
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graphs attached to this Report (Figure No. 1) are probably realistic. These
show a 1970 acreage under 0il palm culiivation of about 700,000 in West
Malaysia and about 750,000 including Sabah, producing about 450,000 tons and
500,000 tons of palm o0il respectively. The grapnhs also show a progressive
and rapid increase in West Malaysia and West Malaysia plus Sabah to about
950,000 acres producing 900,000 tons of palm oil and 1,000,000 acres
producing 950,000 tons of palm oil by 1974. We understand that in the past
palm oil production has tended tu be concentrated in low lying coastal areas
like the Klang Basin, but that much of the recent and future acreage is in
inland arcas where waste disposal is likely to create even greater problems.

The distribution of oil palm acreage according to States is shown
in Figure 2.

5. THE PALM OIL EXTRACTION PROCESS AND MILL WASTE PRODUCTION

The crop of fresh fruit bunches (£.€.b.) varies widely depending
on, for example, the maturity of the palms and the nature of the suil. We
understand that average production from an established estate can vary from
4 tons f.f.b./acre/annum up to more than 10 tons f.f.b./acre/annum. However,
assuming an average production of about 8 tons £.f.h./acre/annum and allowing
acreage for immature palms and spare mill capacity for peak loads, we
estimate that one mill of 10 ton f.f.b./hour capacity would be required for
about each 5,000 - 6,000 acres of palms.

_ The fresh fruit bunches are cut and usually stacked before loading
into railway wagons or road trucks for transportation to the mill. At the
mill the bunches, sometimes after washing, are loaded into cages and run
into a steriliser where they are held during a sterilisation period of about
60 ginutes. Live steam under pressure is used to heat the fruit to about
140°C at a pressure of about 40 p.s.i.; lower pressures are sometimes
employed at older mills. The length of the sterilisation period ond the
temperature and pressure are sometimes varied depending on the age and
ripenecs of the fruit. The condensed steam (steriliser condensate) is dis-
charged to waste.

After sterilisation the bunches are stripped and the fruit is
transferred to either a hydraulic or a screw press to extract the oil from
the pericarp of the fruit.

The extracted crude oil is passed through a vibrating screen,
often with the addition of hot water and then to a clarification tank from
which clean oil is decanted after settlement of oily sludge to the bottom.
The heavier fraction of the sludge is discharged directly to waste; the
remainder is centrifuged, often after desanding and screening: the dis-

“ charges- consist of oil which is returned to the clarification tank and a
sludge residue which is run to waste (clarification sludge).

The press cake and ruts are separated. The nuts are dried and
cracked and the kernels separated from the siells before being bagged for
sale. The press cake and some of the shells are burnt in the steam-
raising boiler. The empty bunches are either incinerated to produce
muriate of potash for estate use Or resale,or they are occasionally spread

between the oil palms as a mulch.

We attach a generalised flow diagram showing the mill processes
(Figure No. 3).



In addition to the steriliser condensate and the clarificatioh
sludge, which are the principal wastes, discharges occur from a number of
other points in an average mill; the most significant we list below:

1. Dischiarge from desander.

2.  Dpischarge from clean oil centrifuge.

3. ; Dischargé £rom Hydrocyclcne or claybath separators.
a. Discharge from bottom of crude oil settling tank.
5. Floor drains. '

6. Boiler blowdcwn.

7. Cooling water. {

B. pDischarge from steam traps-

9. Fresh fruit bunch wash water.

We have little information and no analytical data on these wastes.
However, we understand that their volumes are low in comparison with those
of the two main wastes and that they are not necessarily common to all millcs.
The first four discharges listed are likely to be of a similar nature to the
principal wastes and probably could be treated with them without any need {cr
additional treatment plant. Floor drainage is insignificant in terms of
volume. Boiler blowdown, cooling water and discharge from steam traps are
discharged at.elevated temperatures, otherwise they are insignificant in
terms of pollution.

In the absence of detailed data, we exciude these wastes from
further consideration in this Report. We think, however, that their volume
and nature should be assessed in any investigatory work that might be
initiated in the future. Should they be shown to be more significant than
we are at present led to pelieve, due allowance for their treatment can
then be made in any proposed treatment plant.

5.1 Principal palm Oil Mill Wastes

tle discuss in detail below the two effluents which we believe to
be of greatest significance.

Steriliser operation can vary, but the evidence we have suggests
that the volume, nature and strength of steriliser condensate discharges

probably vary comparatively 1ittle from mil) to mill.

A number of different types of press are emploved to separate the
oil from the pericarp. The principal variation is the use of either
hydraulic or screw presses. It is likely that the volume and solids content
of the crude oil varies among different types of press; for example, Wwe
understand that screw presses often ultimately tend to .produce more clarifi-

" cation sludge than hydraulic presses. However, we are unable to quantify
these variations with any certainty, and therefore assume a similar centrifug:

—5-



feed from all types of press. We are also unable to quantify any variations
in the volumes of hot water that may be added and again assume constant
operating conditions. We think these assumptions are realistic in the context
of this Report. .

There are two principal typec of certrifuce generally in use:
the Stork and the Westfalia. The limited infcimaticn currently availcble
suggests that the sludge produced from the latter contains the lower moisture
content; experimental work at one mill has shown it poscible to reduce the
moisture content in Stork sludge to a level comparable to that from a
Westfalia centrifuge, but at the risk of nozzle blo<kage.

In the course of our investigations we have accurmulated considerable
data relating to the volumes and nature of the two main wastes. Much of these
data have been given to-us by individual companies and are confidential;
others we have abstracted from published work (Appendix A), principally that
of Kirat Singh and Ng Siew Hoong (The Malaysian Agricaltural Journal, Vol. 46,
No. 3,January 1968). The work of Kirat Singh et al in particular, shows the
wastes to be biodegradable and therefore amenable to standard sewage treatment
techniques. :

We set out (Table 1) data we believe to be fairly representative
of average conditions in a generalised mill processing 10 ton f£.f.b./hour
and operating for 24 h/d. We have assumed figures for clarification sludge
which we think could be attained at most mills and use these figures for
calculation purposes; Wwe do, however, also set out the ranges that seem
currently to be attained in practice. We also relate the loads of the
principal pollution parameters to 1 ton f.f.b. processed. In practice
variations would be more likely to be in terms of volume and strength, the
daily loads of pollutants probably remaining more constant.

: In Table No. 1 we tabu%ate the primary parameters of Biochemical
Oxygen Demand in five days at 28 ¢ (B.0.D.), and suspended non-oily solids
(filtered and then dried at 105 c)(S.S.). We also list possible oil,
dissolved non-oily solids, ammoniacal nitrogen and organic nitrogen con-=
centrations, chemical oxygen demand (C.0.D.) and pH value. In terms of the
polluticnal load on both receiving waters and waste treatment plants, the
most important single pararnter is B.O.D. B.0.D. and suspendéd solids are
the two parameters that are normally controlled when limits are imposed on
effluents discharged to rivers. Nitrogen concentration can be of importance

‘when there is a risk of eutrophication of receiving waters, or when water is
abstracted for drinking purposes below the point of effluent discharge.

Both wastes are discharged at elevated temperatures which would be likely to
aggravate any polluting cffects in the vicinity of the point of discharge.
We compare palm oil waste pollution with pollution attributable to other
sources - in Section 15.

5.2 Population Equivalent

Untreated domestic sewage In Kuala Lumpur and Singapore generally
has a B.0.D. less than 200 mg/l and a suspended solids concentration of a
similar order: the daily load discharged per head of population in these
areas is about 0.09 1b B.O.D. and 0.10 1b. suspended solids. Were the bio-
degradability of the wastes similar to that of normal domestic sewage

" (Section 8.4), the population equivalent of the mixed effluent from a
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10 ton f.f.b./hour mill would be about 51,000 in terms of B.O.D. ard 55,000
in terms of suspended solids. Taken separately, and in terms of B.0.D.
alone, the steriliser condensate would have a population eguivalent of about
24,000 and the clarification sludge an equivalent of about 27,000. In terms
of suspended solids, the clarification sludge has significantly the greater
pepulation equivalent; this is in the order of 42,000. ’

In terms of population equivalent and assuming one 10 ton f.f.b./
hour mill for every 5,500 acres under cultivation, the 1970 'palm oil
production results in a total pollutional load ecuivalent in terms of B.0.D.
to a population of abcut 6.5 million in West Malaysia and 7.0 million
including Sabah: by 1974 the population equivalent will have increased to
nearly 9 million in West Malaysia alone, which equates to the present total
population. In terms of suspended solids these figures may be increased
slightly. The annual total volume of mixed waste is likely to exceed
1,400 million gallons from the equivalent of more than 170 10 ton f.f.be/

hour mills.

6. EFFECT OF THE WASTES ON RECEIVING WATERS

When discharged the wastes have a pleasant odour, but their high
B.O.D. almost immediately produces anaserobic conditions in discharge drains
and ditches. This situation is aggravated by the settlement of solids and
their anaerobic decompositicn. These effects were readily apparent in all
the discharge ditches we saw in West Malaysia and the attendant odours were
highly objectionable.

The ditches dischargs to rivers, the quality of which is a matter
of national and local interest. Rivers may be used for water-based amenities
such as swimming, washing or fishing, they may pass kampongs and water may
be abstracted from them for drinking purposes. This imposes an obligation
on waste producers to treat or control discharges so as not to create either
aesthetic or bygienic problems. :

: Definitive investigation of the effect of discharges on the various
receiving rivers in Malaysia was outside the scope of this report, but the
high B.O.D. of the palm oil wastes undoubtedly seriously reduces dizsolved
oxygen concentrations and tris could readily lead to the development of
anaerobic conditions; even partial oxygen depletion in receiving waters
may upset the biological balance of those waters. It is also likely that
‘settlement of suspended solids would produce objectionable banks of septic
sludge in slow reaches of the rivers. Apart from aesthetic objections, it
is possible that health is at hazard as a direct result of some of the palm
oil waste discharges and in any case it is probable that there are few
instances where the dischargz of untreated waste could be shown to be
acceptable.

7. STANDARDS OF EFFLUENY

The British Royal Commission on Sewage Treatment in its 8th Report
issued in 1912 reccmmended standards for sewage works effluent discharged
into British rivers. The severity of the standard was determined by the
dilution available in the receiving waters at the point of discharge and by
the methods of treatrent available at that time. Their recommendations were
as follows: :



Dilution Effluent Standard

Avzilable $.S. (mg/1) B.0.D. (mg/1)
st - M depending on local circumstances
8 - 150 30 20
. 150 = 300 _ ; 60 -
300 - 500 150 . &
> 500 g i

Experience since that time has shown these basic standards
generally to be realistic and in Britain, as in many other countries, the
common standard for the discharge of sewage and trade effluents to streams
giving average dilution is still 30:20. In special circumstances where,
for examvle, dilution is minimal or drinking water abstraction is practised
downstream of the discharge, higher standards may be set, including a limit
on the concentration of ammoniacal nitrogen. Increasingly, attention is
being paid to the risk of eutrophication of receiving waters and it is
likely that in the future it will prove increasingly necessary to remove
nutrients (nitrogen and phosphates in particular) from effluents.

Tn U.S.A. where receiving waters often offer greater dilution
than in Britain and Europe, partial treatment followed by chlorination was
commonly practised, with standards of 50:50 or less. However, the increasing
use of rivers for water abstraction and general aesthetic considerations
have led to stricter standards and 30:20 or better is now more usual.

In tropical countries where river temperatures are higher,
increasing the rate of biological activity and hence of dissolved oxygen
uptake, and where diluiion may be low in dry seasons, the need for high
standards can often clearly be demonstrated.

We have attended a meeting with Mr. Sekarajasekaran, Public Health
Engineer, Ministry of Health, ‘when we were handed a copy of a draft of
An Enactment to Amend The Waters Enactment, Cap. 146, which we attach to
this Report (Appendix C). It is proposed that this amendment shall limit
the discharges of all polluting matter into watercourses to those controlled
by licence; the terms and conditions of licences to be laid down by the
State Secretary of the State in which the river is located. We think it
likely that this Enactment will become law and that licences vltimately
will be required by all palm oil mills in Malaysia which discharge wastes
into inland rivers. We do nnt know what terms and conditions are likely
to be attached to these licences, but would hope that each case would be
considered in the light of local conditions.

8. TREATMENT AND DISPOSAL OF THE WASTES

The wastes may be considered separately or as a single mixec waste.
They may be discharcad either directly, or after treatment, to the ground,
to rivers or to the seaj Or in part to the air after, for example,
incineration. The degree and nethod of treatment would dictate the overall
pollutional effects. Available methods of treatment and disposal should be
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assessed with a view to achieving acceptable levels of pollution by means
economically and practically most suited to the nature of the wastes. We
attempt to carry out an appropriate assessment in this Section.

8.1 Nature of the Wastes

The two principal wastes are of similar nature and produced in
similar quarntities. Both are highly polluting, with a heavy B.0.D. load,
much of which is associated with finely-divided, colloidal or dissolved
organic matter: lroth wastes are acidic and have a high oil content. The
clarification sludge is characterised by having a larger concentration of
suspended matter than the steriliser condensate. Both wastes are non-toxic
and biodegradable.

8.2 Summary of Available Methods of Treatment and Disposal

Ve bategorise below available methods of treatment:

1. Solids Separation

By gravity: Settlement
Flotation
. ; Centrifugation
By filtration: 4 Rapid sand filtration

Slow sand filtration
Sand drying beds
Wedge wire drying beds
Screening
é Upward-flow clarification

. .~ Vacuum filtration
Filter pressing
Ultra-filtration

2. Chemical Treatment Flocculation
Oxidation

3. Heat Treatment Low pressure
; High pressure (wet oxidation)

4. Incineration and Evaporation

5. Biological Treatment

Aerobic treatment . Biological filtration
: f - ©  Activated sludge treatment
Anaerobic treatment Anaerobic digestion
Anaerobic stabilisation ponds
Facultative treatment Facultative stabilisation
ponds



6. Disposal Directly to the Environment
Disposal to a watercourse
Disposal to ground
Disposal to ;ea
Dispocal to air

8.3 Unsuitable Methods of Treatment

8.3.1 Solids Separation

The finely-divided nature of the suspended solids militates
against efficient solids seperation and the large proportion of colloidal
and dissolved solids present in both wastes minimises the effectiveness
of solids separation as a means of reducing B.O.D.

The only methods which merit further consideration are vacuum
filtration, using a pre-coated vacuum filter; and ultra-filtration. We
discuss possible experimental approaches to these methods in Section 13,
and we mention ultra-filtration again in Section 11 in the context of
. recovery. :

8.3.2 Chemical Treatment, Heat Treatment, Tncineration and Evaporation

For a variety of reasons we discard all these methods, with the
exception of evaporation of the clarification sludge, which we discuss
further in Section 11. ‘

We do not dwell on the above methods or solids separation methods
in any detail here but, for completeness and interest, we set down further
comments in Appendix F. :

8.4 Suitable Methods of Treatment = Biological Treatment

Biological treatment relies upon the ability of bacteria and other
flora and fauna to utilise the organic constituents of a biodegradable waste
as food, converting them into innocuous inorganic end-products. The process
may be aerobic (relying upon the presence of oxyger.), anaerobic (in the
absence of oxygen) or facultative (intermediate between the others).

Aerobic treatment proceeds at a more rapid rate and Jenerally achieves much
.higher efficiencies and higher quality effluents. Anaerobic treatment is
* generally more suited to the partial treatment of very strong wastes.

We have said that work by Kirat Singh et al has shown the wastes
to be biodegradable; this we would have expected.

A measure of the biological treatability of a sewage or industrial
waste is the B.0.D:C.0.D. ratio. With domestic sewages, this ratio seldom
exceeds 1:2. The ratios for both the steriliser condensate and the clarifi-
cation sludge are of the order of 1:3 which implies that these wastes may be
less readily biodegradable than domestic sewage; unfortunately, this can
only be tested by carrying out experimental work.
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In order to achieve the maximum rate of biodegradability sufficient
nutrients must be present to permit efficient biological treatment; the most
important of these are nitrogen and phosphorus. It is generally assumed that
nitrogen and phosphorus do not limit the rate of bacterial metabolism
providing that they are present in concentrations sufiiciently great to give
a N:B.0.D. ratio of at least 1:20 and a P:B.0.D. ratio of at least 1:1CO.

On the basis of cnalytical work carried cut on our behalf in West Malaysia
we calculate that the following averzge ratios may be expected:

Steriliser  Clarification Mixed

Condensate Sludge Effluent
N:B.0.D. 1:50 4:35 1:42
P:B.0.D. 1:120 1: 100 . 1:110

Thus, both wastes are deficient in nitrogen; the steriliser
condensate is slightly deficient in phosphorus. ‘These deficiencies would
be unlikely seriously ‘to affect low-rate biological processes, but the
addition of artificial nutrients, particularly nitrogen, might be necessary
with high-rate biological treatment. :

The acidity of the wastes may also inhibit biological treatment
processes; these are generally most efficient when operated within the
range pH 6.0 - 8.0. Many processes have an inherent buffering capacity,
but it could be shown necessary to neutralise the wastes partially or
completely prior to any biological treatment process, particularly one
operated at a high.rate.

8.4.1 Aerobic Treatment

The oxygen n=cessary to aercbic treatment processes may be supplied
from the atmosphere by natural circulation through a medium (biological
filtration), by natural dissolution through the surface of the waste
(stabilisation ponds) or by mechanical aeration (activated sludge processes).
Combinations of these techniques have been used (aerated ponds, forced-air
ventilated biological filters, etc.) and plant efficiencies have bean
improved experimentally, but at high cost, by introducing oxygen gas in
place of air. We discuss below the methods of aerobic treatment we think
most suited to palm oil waste treatment.

8.4.2 Biological Filtration

The high solids content of the clarification sludge renders it
unsuitable for biological filtration either alone or mixed with condensate;
the economics of installing a plant capable of treating both the B.0.D. load
and the large volume of secondary sludge would be unattractive.

It is possible that the steriliser condensate could be treated by
biologizal filtration at an acceptable cost. The high strength of this
waste makes it ideally suited to treatment by high-rate filtration, using
synthetic medium; it would be necessary to use a multi-stage process with
a high rate of recirculation, followed by a further stage of biological
treatment (e.g. convzntional biological filters or stabilisation ponds) to
achieve a high effluent standard. Prior to treatment, neutralisation and
nutrient addition could be necessary and treatment of secondary sludge would
be required. We discuss this further in Section 13.



8.4.3 Activated Sludge Treatment

This process is generally not suited to the treatment of very
strong wastes because of the high costs both of returning large volumes
of treated effluent considerably to dilute the waste and of meeting the
high oxygen demand mechanically. However, it is probable that both wastes
would pe amenable to treatment by the activated sludge process, but it
would not be economically feasible so to treat the clarification sludge
and the large volumes of surplus activated sludge would create additional
disposal problems.

As in the case of biological filters, the condznsate could be
treated separately by the activated sludge system, and a sufficiently high
degree of treatment probably could be achieved with a properly designed
single-stage plant. There are many systems available and that which seems
most suited to this application and which has the attendant merit of
fairly low capital costs, is a Pasveer or oxidation ditch system. We also
discuss this in greater detail in Section 13. :

B8.4.4 Anaerobic Treatment - Anaerobic Digestion

Kirat Singh et al found that the B.O.D. of a sample of mixed
waste could be réduced from 20,500 mg/l to 6,000 mg/1 after 25 days
retention in a digester. They claimed that higher efficiency might be
expected with a full-scale system but this is not in accord with our
experience. However, further treatment would be necessary before discharge
to a stream, probably by solids removal and aerobic treatment. The partial
treatment of strong organic wastes by anaerobic digestion is practicable,
but often not efficient. However, digestion as a means of sludge con-
ditioning is common practice with collection and usage of gas produced
from the process often being economically viable. The process itself tends
to be more robust and efficient when the feed has a high solids content.

We think that the treatment of the clarification sludge by
anaerobic digestion should be economically acceptable. During the digestion
process, much of the 0il and other organic material would be broken down
with the production of a gas, primarilysmethane and carbon dioxide, with a
calorific value of 700 = 750 B.T.U./ft.”. The digested sludge would be
comparatively innocuous, would probably be easier to dewater than the crude
sludge and could either be disposed of directly to land, in liquid form or
after dewatering, with little risk of trouble. z i

B.4.5 Anaerobic¢ Stabilisation Ponds

_ The use of anaerouic stabilisation ponds. is particularly
applicable to the treatment of a strong biodegradable waste in the tropics
to achieve a partial B.O.D. ceduction. We think that this system would be
efficient, but it has the disadvantage that smell problems could develop.
Anaerctic ponds may be followed by facultative ponds and smell has
satisfactorily been eliminated from anaerobic pond systems elsewhere in the
tropics by recirculztion of final facultative pond effluent to the anaerobic
pond system inlet; the addition of sodium nitrate to the untreated waste
has also successfully eliminated smell trouble, but is expensive.



8.4.6 Fa-ultative Treatment - Facultative Stabilisation Ponds

Facultative ponds are operated at much lower loadings than
anaerobic ponds. Solids in the untreated waste settle to the bottom of the
pends and digest anaerobically, but the overall pond loadings are surficie..tly
low to enable aerobic conditions to be maintzined in the overlying water
layer. This eliminates risk of smell. Facultative ponds operate most
efficiently when algal growth is ailowed to develop. Algae and bacteria
actively break down organic material and remova nutrients and the algae may
then be harvested for use as animal food. We*discuss this aspect in
Section 11. The facuitative ponds may be aerated artificially to increase
their efficiency.

The treatment of palm oil waste using facultative ponds alone
would be impracticable because of the large pond areas necessary.

8.5 Disposal directly to the Environment

B.5.1 Disposal to a Watercourse

We have discussed in Section 6 the effect of disposal of the wastes
directly to a watercourse and have said that there are likely to be few, if
any, rivers in Malaysia where the wastes could be discharged satisfactorily
without prior treatment. ¢

B8.5.2 Disposal to Ground

The mixed or the individual effluents separately could be treated
on land by either broad irrigation cor spray irrigation, the effluent dis-
charging to a watercourse or by soakage. Broad irrigation of untreated
wastes would require the setting aside of land specifically for waste treat-
ment and possibly with cover crops. Spray irrigation of untreated wastes
could be practised on land with growing palms, but could lead to scorching
due to the high strength and low pH; the land could be adversely affected
because of the high oil content and smell and fly nuisance would be likely.
The disposal of treated clarification sludge, steriliser condensate or
effluent from mixed waste treatment plant is more attractive: land re-
quirements would be considerably less and there would be less likelihood of
crop damage and nuisance.

.Be5,3 Disposal to Sea \ o w:'c)

In certain coastal localities, disposal of the mixed wastes
directly to sea could be the most economic means of disposal. However, each
site would have to be considered on its merits and hygienic or aestihetic
considerations might make it desirable to carry out appropriate investigations
' to determine the siting and length of the sea outfall. Economic comparisons
would have to be drawn between long outfalls, partial treatment with short
outfalls and full treatment with minimal outfall lengths.

8.5.4 Disposal %o Air

) Direct disposal of the wastes to atmosphere is, of course, not
possible. We have discussed evaporation and incineration of the waste and
both these methods of treatment would produce some atmospheric pollution,
control of which might have to be considered. Aerial smell nuisance from
other forms of treatment might also create problems.
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9. PROPOSED INTERIM METHODS OF TREATMENT

In Section B we discussed o number OX alternative methods of treat-
ment in broad terms. In order to evaluate +he efficiency and practicability
of those methods most likely to be applicable to palm oil waste treatment we
think that certain experimental work should be carried out; we discuss this
in Section 13. An experimental programme is time consuming and in the mean-
time it might be necessary to install waste treatment facilities at some
mills. We discuss below in general terms the methods of treatment we believe
at this time to be the most economic and potentially reliable.

Process design data and estimated costs are set out in Appendices
D and E. We also attach flow diagrams (Figure Nos. 4 and 5). We estimate
that the full cost of treating the wastes from a 10 ton f£.f.b./hour mill by
the interim methiods we propose would be within the range %M415,000 - 585,000
including supervision costs and engineering fees.

In the course of discussions and after an extensive literature
search, we have not discovered any instances where the separate treatment of
the two waste streams has been considered. However, the two wastes are
basically different in nature: the clarification sludge, particularly that
from westfalia machines, is primarily a slurry; the steriliser condensate
is primarily a liquid waste; both are highly polluting. Because of the
different nature of the wastes, we think that -there could be merit in keeping
them separate and treating each differently, using those techniques most :
suited to their respective characteristics. Of the possible treatment methods
discussed, we think the one most applicable to treatment of the clarification
sludge is anaerobic digestion followed by liquid disposal to land; the
steriliser condensate we think best treated in stabilisation pords prior to
discharge to the stream. We discuss these méthods in greater detail below.

9.1 Treatment and Disposai of Clarification Sludge

Kirat Singh et al used a retention period of 25 days in their work .
This compares with the 20 - 30 day retention period normally used for
digestion of organic sludges in sewage and trade effluent treatment plants
and should be sufficient to ensure adequate breakdown of oil and other organic
matter and to produce an innocuous digested sludge for disposal.

The low pH of the waste rould lead to the development of acid
conditions in the digester. Analytical work carried out on our behalf in
West Malaysia shows that it might be necessary to add at least 13 cwt. of
lime to the daily output of clarification sludge from a 10 ton f.f.b./hour
~mill to achieve neutrality. However, Kirat Singh et al showed that the
mixed wastes could be digested successfully without pH adjustment. We would
expect a, digester treating clarification sludge alone to be more robust and
it is therefore possible that neutralisation of the feed may not. be necessary
neutralisation could, however, be required, particularly at the commissioning
stage.

In temperate climates it is necessary to heat the digesting sludge
to a temperature normally within the range of 85 - 95 F. However, the
ambient temperature in Malaysia is sufficiently high to enable the process
to operate efficiently without artificial heating.

i Nl



The digesters may be constructed either as open ea:‘th-banked lagoons
or as concrete or steel tanks. Earth-banked lagoons are less costly to
construct, but enclosed concrete or steel tanks allow greater contrcl and
reliability, create no smell nuisance, enable gas collection to be prac*ised
and are therefore to be preferred on technical and aesthetic grounds. The
potential value of the digester gas should be considered in any economic
evaluaticn; we estimate .that at least 50,000 ft.3 of s)udge gas,shculd be

produced daily with a total calorific volue in excess of 35 x 106 B.T.U.

In order to give flexibility of operation it is desirable to
duplicate the digesters and to construct at least one small secondary lagoon
to act as a bufferin¢ tank between the digesters and final disposal.

We envisage that final disposal to land would be by a tractor-
towed tanked. Digested sludge would be withdrawn from the secondary lagoon
and sprayed between rows of oil palms. We do not think that this should.
affect the palms adversely, but advise the desirability of an experimental
approach (Section 13)

In Appendix D we have considered both simple earth-banked digesters
and concrete digesters with and without gas-collection facilities, since it
might be considered that the extra cost of the more sophisticated design
could be justified in the light of gas usage.

9.2 Treatment of Steriliser Condensate

This waste has a high B.0.D. (about 20,000 mg/l), but the volume
discharged daily is comparatively low (about 11,000 g.p.d.). Anaerobic
stabilisation ponds generally have been found to tolerate much higher
loadings than facultative ponds and we consider, therefore, that this method
of pond treatment is most suited to the treatment of the strong waste.
Experience elsewhere in the tropics has shown that anaerobic ponds may be .
loaded considerably in excess of 6,000 1lb. B.0.D./acre/d to achieve B.0.D.
removal efficiencies up tc 80 per cent cr even greater. However, in view of
the very high strength of the steriliser condensate and absence of experience
with its treatment we think it would be imprudent to assume that efficienciec
in excess of 50 per cent would be achieved. A series of five ponds would be
needed to achieve a B.O.D. reduction to 625 mg/l. Anaerobic ponds show the
nighest B.0.D. removal whe:u B.O.D. loading is highest: in Appendix E we con-
sider comparatively conservative loadings which might be increased in the
light of experience.

We think that reduction of B.0.D. below about 625 mg/l could best
be achieved in facultative ponds. It is probable that one pond of 0.5 acre
would be sufficient further to reduce the B.O.D. to about 125 mg/l. Finally,
the achievement or an efflvent of 30:20 standard (excluding algae) would
require a second similar pond operating in series with the first.

The total pond area required for full treatment of steriliser
condensate would be eight ponds with a total surface area of 2.25 acres
(Figure No. 5). ‘

Under tropical conditions both anaerobic and facultative ponds
operate most efficiently when the pH of the pond contents exceeds 6.0. pH
will increase during passage through a pond and the comparatively long re-
tention periods we recommend will result in a significant buffering capacity
within the system. However, it might prove necessary to increase the pH of the
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- steriliser condensate prior to discharge to the first anaerobic pond by, for
example, ine addition of lime; the need for this can only be determined in
practice. ;

Anaercbic ponds can be a source of smell nuisance: this can often
be eliminated or reduced csignificantly by the recir~ulation of final
facultative pond effluent. Tne use of recirctlation is unlikely adversely
to affect pond efficiency because of the comparatively long retention
periods recommended and we advise that the facility to recirculate be
provided. ;

It would be relatively simple and inexpersive to incorporate
experimental facilities. We think that this is essential %o datermine
maximum loadings and optimum operating techniques.

10. OPERATION OF PROPOSED TREATMENT PLANT

We consider that neither treatment facility would require either
excessively time-consuming attention or full-time skilled supervision.
Mechanical plant would be fairly simple anhd maintenance should be minimal.
It could prove necessary to clean out both the anaerobic sludge digesters
and the stabilisation ponds, particularly the anaercbic ponds, occasionally.
Disposal of digested sludge to land would necessitate the permanent
allocation of a tractor, tanker-trailer and driver to waste treatment and
routine general maintenance of the digesters and ponds might require one or
two unskilled men in addition. Regular attention to nechanical maintenance
and overall technical supervision would also be required. Apart from the
cost of labour, running costs would be limited to those of spares and
electricity. Electricity consumption should not be high and would largely
be limited to that required for the running of pumps.

11. RECOVERY

In preceding sections we have discussed general methods of waste
treatment and have presented specific interim proposals. We are conscious
that the nethods we have discussed can show no financial benefits except,
perhaps, the limited value of the liquid digested sludge as a fertiliser.
The nature of the wastes suggests that their conversion into a product
suitable for sale, for example by inclusion in animal foodstuffs, would be
attractive and could show worthwhile economies. We are not qualified to
discuss either the nutritional or microbiological aspects of recovery, but
we think that we should comment in general terms on some possible lines of
approach. We also discuss the possibility of reusing treated effluent, a
practice that sometimes can be shown to be of economic advantage.

G 7L Evaporation of Claorification Sludge

We have mentioned the possibility of evaporation of clarification
sludge (Section 8). 1In order to evaporate to dryness the total output of
clarification siudge from a 10 ton mill, we calculate that there would be
a daily heat demand of 175 x 106 B.T.U./d. We understand that existing
mills produce very little spare heat and that the efficiencies of incinera-
tors and boilers need not be high: increased efficiencies would be likely
to lead to the availability of some excess heat. It might also be possible
" to use heat exchangers to recover some waste heat from the steriliser
condensate, but additional heat would be required in the form of gas, oil
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or electricity. We have made certain broad assumptions, the validity of
which would need to be confirmed experimentally, and tentatively conclude
that the capital cost of a drier to reduce the moisture content of the
clarification sludge produced by a 10 ton f.f.b./hour mill to about 5 per
cent would be about M1.75m. Fuel and maintenance costs could be of the
crder of #M0.25m. per annum. ¢

' We are awave of certain tentative approaches that have been made
towards assessing the saleability of the dried material and that figures
within the range of $M100 - 3M160 per tcn have been quoted, but understand
that the reliability of pcssible commercial outlets is dubious. In our
opinion, the nature of the material should make it suitable for inclusion
in animal foods, with the possible exception of the inorganic (dirt)
content but, before entering into any experimental programms, advice should
be sought of a nutritional expert to establish the valye of the end-product
with more certainty. A reducticn of the dirt content would doubtless
improve saleability. Assuming that evaporated clarification sludge could
be sold at $M150 per ton, annual revenue from this source would be about
gM0.225m. from a 10 ton f.f.b./hour mill.

The use of digester gas as a heat source for the evaporation of
the digested sludge is attractive. Unfortunately, we do rot think it likely
that this approach would be worth pursuing because the process of digestion
would reduce the organic content of the sludge and hence its food value.
There would also appear to be the risk that the digestion process could
produce toxic by-products and the sludge might in consequence be less
attractive to potential purchasers.

1.2 Ultra-filtration

It is possible that ultra-filtration techniques could be used to
dewater the wastes, particularly the clarification sludge. The filtrate
would require further treatment: the residue, after further drying, would
be comparable to that from evaporation processes. We discuss this further
in Section 13. '

11.3 Culture of Micro-Organisms

We understand that proposals have been made that micro-organisms
could be cultured in palm oil waste with separation of the micro-organisms
for sale as a protein-enriched animal food supplement leaving an effluent
" with considerably reduced B.0.D. Possible micro-organisms suggested have
been yeasts and tilamentous fungi, and Professor W.R. Stanton cf the
University of Malaysia has made certain proposals relating to the possibility
of the oil palm industry supporting an appropriate reseacrch project using
filamentous fungi. We have been made aware of Professor Stanton's proposals
and have briefly discussed them with him, but we are not gualified to
discuss their validity. We think it likely, however, that any process
involving micro-organisms culture could cnly be developed after time-
consuming and perhaps costly research. Wes do not know if the possible
complexity of thz final process would be acceptzble, or whether there
would be reliable commercial outlets fc:s any saleable end-product.

We understand that Professor Stanton has suggested that the B.O.D.

".. of the mixed waste could be reduced by 90 per cent under the right con-

ditions. Other workers primarily Lefrancois (Industri. Agr. et Alim. No. 9,
1953: No. 10, 1953: No. 3, 1955: No. 4, 1955: No. 3, 1961: No. 1, 1964:
No. 6, 1964), suggested pocsible B.O.D. reduction of 70-90 per cent using



yeasts. A 90 per cent B.0.D. removal efficiency is very high for plantc
producing high-protein foods, but could possibly be achieved if the nlant
were designed specifically for B.O.D. removalalone. If plant design and
operation were directed primarily towards the recovery of micro-organisms,
we think it likely that efficiency of B.0.D. removal would be within the
range 50 - 70 per cent. Assuming that a 60 per cent reduction could be
realised in practice, the mixed waste B.0.D. would be reduced to about
8,000 mg/l. Thus, even were the maximum likely degree of B.O.D. removal
achieved in practice, the final effluent would still have a B.O.D. some
forty times strorger than domestic sewage and further treatment would be
required. However, treatment of the effluent in, for example, stabilisa-
tion pcnds alone would be likely to be effective. Assuming 23,000 g.p.d.
of effluent with a B.0.D. of 8,000 mg/l from a 10 ton f.f.b./hour mill,
the area of stabilisation pords necessary to achieve a 30:20 standard of
effluent would be about 2 acres. The cost of an installation of this
nature would be about gM120,000 compared to the cost for full treatment
of separzted wastes of 2M415,000 to 585,000 (Section 9).

11.4 Algal Harvesting

In Section 9 we have proposed the use of stabilisation ponds for
treatment of the steriliser condensate and in the preceding paragraph we
have said that ponds could zlso be used for treating mixed effluent after
its use as a substrate for micro-organism culture. In Section 13 we
mention the possibility of treating the mixed waste in stabilisation ponds
alone. Facultative ponds operzte at maximum efficiency when algae are
permitted actively to grow in them. The algal cells could be expected to
contain up to 50 per cent prctein and amino acids. Facultative ponds
operated with an applied loading of 200 1lb. B.0.D./acre/d should produce
about 45 tons of dry cells/acre/annum. Thus, the pond system proposed in
Section 9 for the treatment of steriliser condensate from a 10 ton f.f.b./
hour mill could be expected to produce up to about 40 ton/annum of algal
cells of which half would be proteins and amino acids. Some experimental
work has been carried out into the possibility of harvesting algae by, for
example, filtration or flotation: algal harvesting from the palm oil
waste facultative ponds could produce a useful and saleable by-product for
the enrichment of animal foods were harvesting shown to be possible. The
removal of algae by harvesting would have the added advantage of rzducing
the suspended solids concentration of the pond effluent to a low level and
in any case removal of algae might be essential where particularly stiringent
final effluent standards were imposed.

11.5  Re-Use of Treated Effluent

Investigations into the possible re-use of treated effluent are
outside the scope of this Report and we have not éxamined the practical or
economic aspects of effluen. re-use. It is possible that the use of effluent,
at least, for washing of fresh fruit bunches or for floor washing, could be
economically attractive, but the extent of any additional treatment that
might be necessary would require careful technical and economic ascessment.

12, IMPRCVEMENT TO MILL OPERATIONS

We are not competent to discuss general mill operation critically,
but the individual p-ocesses affect the nature or volume of the wastes; we
discuss in broad terms below those we think to be the most significant.

TG



921 Bunch Collection

We understand that attempts are being made to improve the
efficiency of bunch collection, one method being to collect the bunches
onto nets for mechanical hoisting into trucks. An additional advantage
of this type of loading methed is a reduction in dirt content with an
ultimate saving in mechanical plant wear and a reduction in the dirt
 content of the clarification sludye; this would be particularly bene-
ficial were the sludge to be converted into a saleable by-product for
animal food.

12.2 Press Operation

Mill effiéiency requires that the presses are operated to
produce maximus extraction of oil from the fruit. This is not necessarily
compatible witli minimum clarification sludge production, but any reduction

in the volume of sludge ultimately produced from the clarification ctage
will show savings in waste treatment costs.

12.3 Sludge Centrifuge Operation

Clarification sludge centrifuges should be operated to produce
maximum sludge solids concentration in order to minimise sludge treatment
costs and improve treatment plant efficiency.

12.4 0il Traps

At many.mills the wastes are discharged via an oil trap from
which oil may be decanted or skimmed off. At one mill we saw screw-down,
funnel-shaped oil decanters which seemed extremely efficient in operation.
We understand that decanted oil has a high free fatty acid concentration
and therefore cannot be recycled through the mill, but that it can often
be sold to local soap manufacturers. Whatever the system of waste treat-
ment or disposal that may be practised or nroposed, we think it essential
that the oil content of all wastes should be kept to a minimum by
efficient oil removal prior to discharge and we commend the funnel type
of system.

13. PROPOSED EXPERIMENTAL WORK

- 13.1 Details of Experimental Work

13.1.1 Analytical Studies

We have based our proposals on limited reported data and on the
1ittle additional data that have been obtained for us. We think that it
is essential that detailed and carefully planned analytical studies be
made at a number of carefully selected mills to obtain a more reliable and
fully comprehensive picture of the volumes, composition and nature of the
wastes. !

3302 Anaerokic Digestion

We have recommended that the clarification sludge be treated by

anaerobic digestion. We think it desirabie that pilot-scale digestion -ﬂ
experiments be carried out to assess digester efficiency, gas yield and { . ' L,.
optimum digester loadings. ; ky \J‘”
| Bl
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33:71.3 Stakilisation Pornds

If a full-scale pond system is not likely to be installed in the
near future, we recommend the immediate construction of a small stabilisa-
tion pond installation for the zxperimental treatment of steriliser con-
densate. This should be used iv estabiish appropriate pond loadings and
to assess various methods of pona operation. the pussibility of treacing
- the mixed waste in a second exmerimental pond system should also be
investigated. In this case, at least two primary ponds cperating in
parallel would be used as sludge digesters.

13.1.4 Disposal to Land

We have said that digested sludge could be disposed of to land
in liquid form. We rccommend that the digested sludge frcm the pilot-scale
digestion plant be disposed of to land in order to confirm that such
disposal would be acceptable. The effects of disposal to land of effluents
from the other experimental treatment plants should also be investigated.

13.1.5  High-rate Biological Filtration i

We have also said that high-rate biological filtration of the
steriliser condensate is feasible. We recommend tnat the efficiency of
this method of treatment should be assessed by the 1nitiution of appropriate
pilot-scale studies.

13.1.6 Oxidation Ditch

Experimental work on a pilot-scale oxidation ditch treeating
steriliser condensate could usefully be initiated to compare this form of
treatment with high-rate filtration; both partial and full treatment could
be investigated. Effluent from the partial treatment oxidation ditch and
from the high-rate filters could be treated in an e«perimental stabilisation
pond system. :

134137 Pre-coated Vacuum Filter

The possibility of dewatering the clarification sludge using a
pre-coated vacuum filter has been discussed. We think it unlikely that
this system would be economically viable even if the poor filtrability of
the sludge permitted its application. However, were it to prove possible
to dewater the sludge by this means without the addition of a chemical
coagulant, tiie reduced moisture content would render evaporation more
+ attractive economically. Additionally, the use of a suitable inert pre-

.~ coat material might not militate egainst the inclusion oi the dried sludge

in animal foodstuffs. We tnink, +herefore, that the possibility of using
a pre-coat vacuum filter should be examined experimentally.

13.1.8 Ultra Filtration

We have discussed the possibility of applying ultra-filtration
techniques either to the mixed wastes or to the clarification siudge. We
think this to be worthy of further study and recommend that investigations

‘. be carried out using appropriate bench-scale filte: apparatus.
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13.2 Costs of Experimental Work

We envisage that the experimental work should be carried out at
mills or Research Stations in Malaysia and would expect the work involved
to be carried out by existing staff. We would not therefore expect any
additional staff or labour ccsts to be incurred.

Yle have not considered the design of the experinmental plants in
detail. However, we think that it should be possible to construct
sujtable plant for anaerobic digestion and stabilisation pond experimental
work using plant and materials readily available at most mills. The
capital costs of these plants should therefore be insignificant.

In order to assess the efficiency of high-rate biological
filtration it would be necessary to construct a minimum of four filtra-
tion towers operating in series, each packed with synthetic medium;
pumping facilities would aiso be necessary. Wz estimate that the approxi-
mate cost of a suitable simple installation would-be $M40,000.

An oxidation ditch could be constructed ucing local plant and

" materials at little cost. However, a motor-driven ceration rotor would be
necessary; we estimate that the cost of this, together with a suitable
electric motor, would be about #M8,000.

;e L
—
.

- The cost of pre-coated vacuum filtration experiments would depend
on the availability on loan of a suitable pilot-scale filter in Malaysia.
If one were available costs would be minimal, otherwise a suitable machine
would have to be purchased.

The cost of special equipment for ultra-filtration experimental
work would be low. We think that the bench-scale filtration apparatus
would be unlikely to cost more than about 2#M2,000.

Provided a pre-coated vacuum filter is available on loan in
Malaysia and excluding staff and labour costs and the cost of using
locally available materials and equipment, it is likely that the total
financial commitment in experimental -plant need not exceed about gM50,000.
This sum also excludes the cost of the design and supervision of operation
of the experimental plant.

13.3 Duration of Experimental Work

The design of the experimental plant and the experimental programmes
would require careful planning in order to ensure that maximum benefit
resulted from the work. We do not know how either this work or the con-
structional work would be carried out and we cannot therefore estimate time
requirements. :

We would envisage that the experimental work itself could last
for perhaps two years with an overall review every six months. It is likely,
however, that much of the work would be compieted within the first twelve
months.



14. FUTURE TRENDS

We understand that research is currently being carried out into the
possibilities of substituting either synthetic detesrgent or solvent extraction
of o0il for current practices. We do not know if either ~f these techniques
is likely to be adopted in the future, Lut either would nresent new aste
problems that should be considered prior to embarking upon any mejor or full-
scale investigation into these new techniques.

In more general terms, we recommend that any changes to mill
operations should be considered also in the light of their effects on the
mill wastes.

15, POLLUTION FROM OTHER MAJOR SOURCES

There are two major industries in Malaysia discharging large volumes
of highly polluting organic wastes to watercourses: the rubber industry and
the pineapple canning industry. The rubber industry is represented throughout
Malaysia whereas the pineapple canning industry is centred in South Johore,
West Malaysia, with a single canning factory also at Klang in Selangor. We
discuss these wastes in more detail below and attach production and acreage
graphs (Figure Nos. 6 and 7).

It is likely that tin tailings from tin mines have a polluting
effect on watercourses, but this is probably due mainly to high concentrations
of comparatively inert suspended matter. Both organic and inorganic pollution
is also likely from gerieral industry which is primarily centred in the Kuala
Lumpur and Petaling Jaya area of Selangor. It is not within our terms of
reference to discuss these sources of pollution in detail.

Pollution of watercourses from domestic sources is also likely to
be of significance. We discuss pollution by domestic sewage in more detail

-_ below.

We wish to emphasise that the compariscns that we draw among the
various major sources of pollution are vased on Lroad assumptions only and
that detailed investigations could significantly affect our tentative con-
clusions.

Domestic Sewage

We know of only one major sewage treatment works in Malaysia. This
works treats sewage from perhaps half of the Municipality of Kuala Lumpur by
primary sedimentation only: the works effluent discharges to the Klang River.
The rest of Kuala Lumpur and all other urban areas rely mainly on septi
tank treatment and nightsoil collection: in neither case should there be
"major pollution of watercourses. We understand that pertinent reports have
been produced by the World Health Organisation, but that these are not avail-
able to the public: we are also aware of prospective sewage treatment plans
for a number of the principal towns in Malaysia. To our knowledge, no river
pollution surveys have been carried out, but we think that there is an
awareness of the effects of domestic sewage discharges and that steps are
likely to be taken to reduce these effects. We have said in Section 5.2 that
the population equivalent of the total palm oil processing waste discharge
in West Malaysia in 1974 will equate to the present population of 9 million.

O



Much of the domestic sewage does not drajn directly to watercourses and,
apart from major towns, the sources of pcllution are scattered; it is
probable, therefore that the overall noliuting effects of domestic sewage
discharges are generally much less significant than those created by palm
oil processing wastes.

Pineapple Canning

We have obtained canning pineapple production figures for West
Malaysia for the years 1961 io 1968. We have plotted these figures
(Figure No. 7) and extrapolate to give an estimated production of 301,000
tons during 1970.

We have been unable to discover any data relating to pineapple
cannery waste production. On the basis of our general <xperience with
cannery wastes, we think it possible that the canning of 1 ton of pineapple
will result in the discharge of about 3,500 gallons of waste with a .
B.0.D. of about 1,000 mg/l (this is a population equivalent of about 400).
This waste is likely to be acidic and deficient in nutrients: suspended
solids concentration should be comparatively low.

We understand that the peak canning seasons are July/August and
again in December but that hormone techniques are being applied to reduce
seasonal fluctuations. Since all but one of the four canning factories
remain in production throughout the year and secasonal fluctuations are
progressively lessening we think it reasonable to assume peak discharges
of twice average and to discuss this assumption in the context of this
Report. On this basis, the total population equivalent of pineapple
cannery waste is currently of the order of 300,000. This is small com-
pared to palm oil processing wastes, but the total discharge is at present
limited to four factories only, and locally to these pollution is likely
to be serious. However, waste from a single large canning factory is

. approximetely equivalent in terms of polluticn only to that from a single
10 ton f.f.b./hour palm oil processing mill. :

Rubber Processing

We have examined the limited information available on rubber
processing wastes and have discussed the problem with representatives of
some interested companies and with the Rubber Research Institute.

We understand that rubber estates are generally concentrated near
the West Coast of West Malaysia and close to railway lines. However, rubber
is produced throughout West Malaysia and elsewhere in Malaysia and in
Table 2 we set out production on estates and smallholdings in West Malaysia
for July 1970 (Monthly Statistical Bulletin of the Rubber Froducers' Council
of Malaya, Vol. 19, No. 9). :

-



Production in tons

State : Estates Smallholdings Total

Johore 13,887 15,665 29,552
Kedah & Perlis - 6,158 6,986 13,144
‘Kelantan 1,555 2,908 4,463
Malacca 4,594 : 3,531 i 8,125
Negri Sembilan 9,742 4,171 . - 13,913
Pahang 3,134 5,099 8,233
Penang & P.W. 1,058 1,826 2,884
Perak Ta2T7 8,701 16,478
Celangor © '9,685 4,464 14,149
Trengganu 360 1;519 1,879
Total, July 1970 57,950 , 54,870 112,820

8 TABLE 2

We understand that estates seldom exceed about 20,000 acres and
that an average estate size is about 6,000 - 7,000 acres. Rubber production
is fairly equally divided between estates and smallholdings (Table No. 2
and Figure No. 6). Smallholders tend either to process their own rubber or
to use small village factories: in either.case sheet or crumb rubber is
produced. Estates rubber is processed either at estate factories or at
larger, centralised factories: the latter often produce latex concentrate.
About 20 per cent of all latex produced is processed as scrap rubber, the
remaining 80 per cent may be processed into latex concentrate, sheet rubber,
crumb rubber, crépe rubber or other special grades. It is not within our
terms of reference to examine 'rubber processing or process wastes in depth.
However, we understand that the waste from latex concentrate factories is
more concentrated than the wastes produced from other processes, but it is
likely that the overall pollutional load discharged for each unit weight of
rubber produced varies comparatively little among the various processes.
The nature and strength of the wastes vary widely, but most of the primary
_wastes have a high B.O.D. and nitrogen concentration of up to at least
20,000 mg/1 and 3,500 mg/l respectively: wash waters are less strong.

~ We have tentatively calculated the population equivalents for
rubber wastes and think it possible that the total population equivalent
of all the waste irom the rubber processed in West Malaysia during 1970
will be of the order of 3 million. This compares to a population equivalent
of 6.5 million for the palm oil processing wastes for 1970 (Section 5.2).
However, much of the rubber processing waste will be discharged in
very small volumes and it is likely that the overall polluting effects will
be less sionificant than the population equivalent implies. Nevertheless,
one figure supplied to us shows that a particular latex concentrate factory
may discharge waste ecuivalent in terms of B.0.D. to.a 20 ton f.f.b./hour
palm oil processing mill.
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APPENDIX A
Treatment of Palm Oil Process Waste Waters
Literature Search on Behalf of

Messrs. J. D. and D. M. Watson

by
Water Pollution Research Laboratory

Stevenage, England

At the request of J.D. % D.M. Watson, Chartered Civil
Engineers, the Laboratory has carried out a literature search on the
treatment of palm oil process waste waters. Because of the apparent
sparsity of information on this subject - only one paper was found
which referred specifically-to palm ~il wastes, the search was
widened to include treatment of wastes from the processing of olive
oil and vegetable oils. The search has extended from current
literature back to papers published in 1935.

Coagulation and Settlement

Chemical coagulation and settlement is a procedure normally
employed for the treatment of fatty 0il wastes (1-3). Tanaka and
Yamate (1), in experimental work on the chemical treatment of waste
waters containing fatty oil, obtained good results by chemical
coagulation with aluminium sulphate, ferric sulphate, and sulphuric
acid, 98 - 99 per cent of the fatty oils being removed, and a re-
duction in BOD of 58 - 87 per cent being achieved. However, the
treated waste waters still had a BOD of between 300 and 500 mg/1l.
The treatment of the combined waste: from a factory producing soap
and vanaspati, a vegetable 0il product similar to margarine, was
studied by Basu (2). He found a promising method of treatment to
be coagulation followed by sedimentation. Alum, ferrous sulphate
and bentonite, ferric sulphate, lime, and ferric chloride were tried
as coagulants, and of these ferric chloride and alum appeared to be
the most satisfactory, the former reducing the COD and suspended-solids
content of the combined waste (initial values: COD 4990-10 950 mg/1;
SS, 1480-7440 mg/l) by 97 and 99 per cent respectively while the
latter gave corresponding ceductions of 96.2 and 97.1 per cent. The
dose of coagulant used to achleve these reductions was 300 mg/l in
.each case. Lower doses were also tried but no detailed investigation
to find the optimum dose was attempted.

Cunningham (3) found aluminium sulphate .and ferric chloride
to be reasonably satisfactory as coagulants for waste waters from an
edible-oil refinery and margarine factory, put with both coagulants
it was necessary to add lime to achieve a satisfactory rate of settle-
ment. Further cxperiments showed that addition of lime and caustic
soda, with adjustment of pH value to 10.5 gave satisfactory
flocculation, and this procedure was adopted. The average BOD of
the effluent from the clarification plant was 400 - 500 mg/l and its
~ suspended-solids content was of the order of 100 mg/l. Since Cunning-
‘ham gave no figures for the composition of the raw waste waters, it
is not possible to estimate the percentage reductions achieved.



In the only reference dealing specifically with palm oil,
Singh and Hoong (4) suggest that coagulation may not be a suitable
method for the treaiment of these wastes. They do not give much
detail on this, but merely-say "Attempts were made to treat the
effluent by coajulation and flocculation by using varying doses
of lime, alum and ferric chloride. ilo floc could be obtained with
even up to 4000 ppm of alum or ferric chloride.

Anaerobic Diyestion

0ily waste waters have been satisfactorily treated by an-
aerobic digestion. Capodacqua (5) found that waste waters from olive
o0il factories which have a high content of organic matier can be
treated by neutralization with milk of lime and digestion of the
sludge with sewage sludge provided the proportion of the former
does not exceed 25 per cent.

Singh and Hoong (4), having failed to coagulate palm oil
wastes, found that they could be treated by anaerobic digestion, in
laboratory scale digesters, at room temperature (22-33 C in their
case) provided the detention period was between 20 and 25 days. The
results they obtained are given in Table 1.

Table 1. Average BOD and permanganate value reduction in
the palm oil mill effluent during a 25 day detention
period in the digester (4)

Average Average
30D permanganate
value
Untreated palm oil mill effluent 20500 ppm 4500 ppm
Treated cffluent from digester '~ 6000 ppm 795 ppm
Percentage reduction 70.7 8245

They thought that with regular dosing and continuous
stirring a greater reduction in BOD could be obtained, and saw no
reason why the process should not work on a large scale. However,
assuming a 90 per cent removal of BOD under ideal conditions they
concluded that the BOD of the effluent would still be about
10 times. that of raw sewage, and that althougnh further purification
by dilution followed by aerobic treatment in a percolating filter
or oxidation pond would be possible the overall cost of treatment
would be unacceptably high. It 1s possible that the ciimate of
opinion way have changed .since then. 3ingh and Hoong subsequently
considered the possibility of disposal of the waste in water, on
land, and as an animal feed. They concluded that the most economic
method of disposing of the effluent was by discharge into the sea,

. and that it was therefore desirable in future to site palm oil mills
"near the coast.
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Basu(2) appears to have obtained rather better results in
the anaerobic digestion of vanaspati waste. His laboratory-ccale
digesters were run at room temperature (30—35°C) with detention
times of 20 days in the primary digesters and 10 days in the secona=
ary digesters. Gas production was about 20 volumes for each vclume
of waste digestcde. Hg found that high grease content and low
tempecrature (about 25°C and below) caused failure of digestion. His
results are shown in Table 2.

Table 2. Results of anaerobic digestion of vanaspati waste(2)

Primary Secondary
Item of analyses® Influent | _c%tiient | effluent Cverall
Concentration(mg/1)
Suspended solius 4350.0 435.0 130.5 -
coD R210.0 820.0 ~ 418.5 -
Removal (%)
Suspended solids : - 90.0 70.1 97.0
coD - 90.1 49.0 94.9

* Average of four random results

Digestion in lagoons has been used for the treatment of waste
waters from the cleaning of edible oil bunkers on tankers (6). The
bunkers are cleaned using alkaline agents and the waste water has a
pH value of 9-10 and .a content of fats and fatty acids (ether extract-
able substances) of about 5 g/l or more. In Hamburg, seepage basins
were used for disposal of these waters; the subsoil became clogged,
seepage ceased and the capacity of the basins became exhausted.
Addition of actively digesting sewage sludge increased scum formation,
gave a sharper division between scum and liquid, and reduced the
ether extractable material in the liquid by about 50 per cent. EX-
periments showed that on trectment with calcium chloride a scum formed
which settled in 1 = 2 days; the supernatant liquid was slightly
turbid and had a pH value of about 7.5. Removal of ether-extractable
material, calculated on the liquid previously treated with sludge,
was 85.4 per centi calculated on the untreated waste the aveiage
was 94 per cent.

Biological Filtration

paleni(7) has employed the Ingram controlled biological
filtration process in packed towers (8) to treat the waste waters
from a vegetable oil refinery and chemical plant, which had a BOD of
5000~-19000 mg/l and an average pH value of 1.5. The effluent had a
BOD of 50 mg/l and a pH value of 7.0. :
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Other Patented Methods

Bradford (9) has claimed the development of a process for
the treatment of condensate from the steam deodorizers in a vegetable
0il refiuery. When sea water, which contains large Juantities of
calcium and magnesium ions, is used to condense the vapours, the
calcium and magnesiuw react with the free fatty acids to form in-
soluble soaps which tend neither to settle nor float in the condensate.
In the method claimed for treating this type of condensate, it is
mixed intimately with a second waste water which is aerated and
carries fine solid particles or a precipitate, and then passed to a
quiescent zone where the floc and precipitate of both wastes float
to the surface of the combined liquors. In a modification of the
process, the second waste liquor, containing precipitate, comprises
another waste liquor produced in the refinery (known as floor waste),
which contains large quantities of soluble soaps, fats, and some
protein materials; the process then provides efficient treatment
for both wastes.

Foley (10) claims that the BOD and fatty acid content of
wash waters from alkali refining of vegetable oils can be reduced by
the addition of 25 = 30 grains of 1iggin perogal. The waste water
is maintained at a temperature of 140 - 160" F and acidified with
sulphuric or hydrochloric acid to a pH value of 3.0 = 2.0. On
standing, a supernatant fatty layer separates out.

In a method for treating waste waters containing oil from
canning fish or from manufacture of vegetable oils (11), the wastes
are thoroughly mixed so that the oil is broken up and dispersed
throughout the liquid in the form of particles less than 10 microns
in size. The waste is discharged into a large body of water in which
currents are sufficient to prevent agglomeration of the particles.
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APPENDIX B
Effect of Flocculants on Filtrability of Palm 0il Sludge
by |
water Pollution Research Laboratory

Introduction

Palm—oil clarification processes produce = sludge which
presents difficulties in disposal. A sample of this sludge from
pPamol Estate, Kluang, Malaysia, was treated with sodium penta-
chlorphenate to give biological stability and despatched on
5th October, 1970. The sauple was tested at the Laboratory for
the effect of flocculants on the dewatering characteristics on
22th to 26th October, 1970.

published information (see WPR Report 330R) suggested
that palm oil wastes were very difficult to flocculate, and
tests carried out at the Laboratory in 1966 had shown that
aluminium chlorohydrate was ineffective as a flocculant with this
type of sludges

In the absence of any fundamental data on the physico=
¢hemical nature of the sludge particles, the approach used in this
brief investigation was to test the effect of a range of different
types of flocculant, at different pH values, each at only one or
two dosages, rather than studying one or two flocculants under a
wider range of conditions.

"Sludge Properties

The sludge as received had a pH valuc of 4.1 and a total
solids content of 8,9 per cent. The filtrate obtained by filtering
through a No. 17 Whatman paper, and then further filtering the
liquor through a GFC paper, contained 4.3 per cent solids (i.e.
almost half of the total solids were ln the liquid phase)e The
total solids in the sludge had an organic and volatile content of
88 per cent, and the total solids in the filtrate an organic and
‘volatile content of 84 per cent.

The filtrate obtained from a sample of sludge diluted 1:1
with water had the following properties: o :

coD ' 11750 mg/1
Organic carbon '4150.mg/1
Nitrogen (ammoniacal plus organic) 100 mg/1 (approxX.)
Total solids 22300 mg/1

In spite of the presence of sodium pentachlorphenate the
BOD test gave a value of 6100 mg/le

Because the sludge was extremely thick and would not flow
easily it was diluted 1:1 with water for all the florculation testse

A



Effect of Flocculants.

Table 1 shows the capillary suction times (CST) obtaincd with
the untreated sludge and when treated with aluminium chlorohydrute,
Primafloc C7 (a low viscosity cationic polyelectrolyte), Magnafloc
R292 (a high viscosity cationic poiyelectrolyte), and Magnafloc R155
(an anionic polyelectrolyte), all in the absence or presence of lime.
Ferrous sulphate with lime was also tested.

CST is essentially the time required to withndraw a given
amount of filtrate from a sample. An improvement in filtrability
is therefore associated with a reduction in CST.

The abnormal properties of the filtrate are reflected in
the fact that the CST of filtrate alone was 20 s rather than, say,
8 s obtainable with water or most sewage-sludge filtrates.

The addition of lime alone to the sludge raised the CST,
as did aluminium chlorohydrate alone and combinations of the twoe

Primafloc C7 alone produced some lowering in CST though
not when used in combination with lime.

Table 1. Effect of flocculants and of time of stirring, at
100C rev/min, after initial mixing on CST of palm—oil
sludge, using 10-mm reservoir. (Suspended solids content
2.1 ver cent. Sample volume 25 ml. 5 ml of diluted flocculant
added in each test. Lime added as 10 per cent suspension)

.Dgse Apez £oRE CST (s) after stirring
y weight of
Flocculant Sasnended soltds) for time shown pH
P value
Lime | Flocculant| Nil 10 s 40 s
Nil.Filtrate only - - 20
Nil.Sludge only - - 93
Aluminium chloro= - 5.1 190 - 200 3.9
hydrate (duse ex—| 11.5 - 2200
pressed as 51203) 11.5 5.1 more than
2000
23 - 1600
23 5.1 more than
2000
{ Primafloc C7 - 1.1 47 54 62 4.2
(cationic) 11.5 1.1 117 184 326
Magnafloc R155 - 1.1 99 89 73
(anionic) 11.5 1.1 640 290 280 9.6
23 1.1 156 117 137 11.0
Magnafloc R292 - 0.13 57 56 55
(cationic) - 0.44 59 56 56 4.1
- 1.1 72 71 70
11.5 0.44 60 46 38 9.4
11.5 1.1 62 53 49 9.6
Ferrous sulphate 29 11.5 more than _ 11.5
2000
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Magnafloc R155 was jineffective, and when used with lime
gave an increase in CST.

Magnafloc R292° gave a slight lowering in CST and, some-
what surprisingly, the performance was very little in-
fluenced by the presence of lime.

. Table 2 gives the results of measurements of specific
resistance to filtration. Tne sludges treated wihh fliocculants gave
higher values than the untreated sludce. This confirmed that it was
not merely the combination of the CST method of measuring filtrability
with this rather abnormal sludge which was giving results indicating

a lack of effectiveness of flocculants. :

Table 2. Specific resistance of palm-oil sludges

Speci{%c resistance

H
Sample (10" m/kg at P
49 XN/n’) e
Untreated undiluted sludge 48 -
Untreated sludge diluted _ A
1:1 with water 6.6 4.7

piluted sludge with 11.5 per
cent lime and 1.1 per cent
R292 s 10.2 10.9

Diluvted sludge with 11.5 per
cent lime, 5.1 per cent

A1203, and 0.6 per cent R1535 13.0 8.8

Other Methods of Treatment

In view of the failure of flocculants to imppove the de=-
watering characteristics appreciably other factors were examined
briefly. ]

A sample of undiluted sludge was frozen and then thawed. The
CST using the 18-mm reservoir was reduced by the treatment from
110 s to 90 s.

; A 10-ml sample of the diluted sludge was centrifuged at
1000 g for 10 minutes. The volume of sediment after the treatment
was 4 ml, i.e. only 20 per cent less than the 5 ml occupied by the
sludge before dilution.

The calorific value of an oven-dried sample of sludge was
about 19 000 kJ/kg total solids, i,e. at the lower limit of "the range
for sewage sludges. Assuming an incinerator operating with 50 per
cent air and an exit gas temperature of 430°C the solids content for
autothermic combustion would be say 25 per cen*. Considerable
"auxiliary fuel would therefore be needed for incineration of the
sludge containing 9 per cent solids.

e die



Conclusions

This brief investigation has shown that palm-oil sludges
have characteristics quite different from those of other organic
sludges encountered at the Laboratory. 1In particular the filtration
characteristics do not appmear to be improved by a variety of
flocculating agents, some cf which would be expected to be very
effective with norrmal organic sludges. It is considered that pro-

' gress in improving the situation is likely tc result only from a
fairly extensive programme of work based on a fundamental examination
rather than from continued empiricism. The results of the present
exercise hold out no special hove that such arprogramme would quickly
reach a successful conclusion.

November 1970
(WPRS 42/35/17)(RW 399)
WPR Report No. 337R



APPENDIX C

An Enactment to Amend the Waters Enactment,

Cap. 146

Short title

New section
to be in-
cluded in
the Waters
Enactment
Cap. 146

IT IS HERERY ENACTED by the Legislature of the State
of as follows:

1. This Enactment may be cited as the Waters (Amend=
ment) Enactient, 1970.

2 The Waters Enactment Cap. 146 (hereinafter re-
ferred to as "the principal Enactment") ic hereby
amcnded by deleting section 2 thereof and substituting
therefor the following new subsection (2)

it »
w(2) In this Enactment "river" includes a
tributary of a river and any other stream, canal
or natural water course; provided however for
purpose of section 7A the word "river" also
includes:

(a) any inland waters whether or rot
" . . such inland waters fzll within the
above definitionj;

(b) any subterranean water resources,
and
(c) any water in an estuary or sea
' adjacent to the coast of the State."

3. The principal Enactment is hereby amended by in-—
serting between sections 7 and 8 thereof the following
new section. '

"Prohi- "7A (1) Save as may be expressly authorised
bition under the provisions of any written law or
of pollu- the terms of any express grant made by or
tion of on behalf of the Ruler of the State no
rivers. person shall except under and in accordance

with the terms and conditions of a licence
issued under this section cause to enter or
discharge into any river or State waters =

(a) . any poisonous, noxious or polluting
matter that will render or is likely
to render or contribute to rendering
such river or part thereof harmful or
dotrimental or injurious to public

health, safety or welfare, or to animal - :

or vegetable life or health or other
beneficial uses of state watersj or

(b) any matter which by virtue of its
temperature, chemical or biological
content or its effect in discolouring
the waters makes or contributes to
making such waters or river or part
thereof a potential danger to public



health, safety or welfare or to

animal or vegetable life or health,

or affects other beneficial uses of
5 the waters of the state.

(ii) Whenever any such entry or discharge
shall have been made, the owner or occupier
of the property from which such entry or dis-
charge originates shall, in the absence of
proof to the contrary, be prcsumed to have
made ite.

(iii). Licence to enter or discharge into
a river any of the matter described in sub-
section (i) of this section may be granted
by the State Secretary of the State in which
the river or part thereof is located.

(iv) Fvery licence granted under this
section shall set out the purpose for which
the same is granted and shall be for such
period and such conditions and restrictions
as may be laid down in the licence.

(v) The State.Sccretary shall have
- power at any time without cause assigned to -

(a) refuse to grant a licence; or

(b).revoke any licence issued under
this section; or

(¢) alter to vary the period, terms and
conditions of any such licence.

(vi)

(a) Any person aggrieved by the decision
of the State Secretary may within twenty-one
days of the receipt of the notification of
such decision appeal to an appeal board of
the State in which the application for a
licence under this section was originally
mades.

(b) An appeal board referred to in the
preceding sub-paragraph (a) shall comprise the
following members from the State or their
representatives.

1. Mentri Besar.

2e State Legal Adviser.

3, ° State Commissioner of Lands and
Mines.

4. Chief Medical & Health Officer.

84, State Drainage & Irrigation
Engineer.

6. One representative from the private
sector to be appointed by the Ruler.
in Council.

(c) On receip: of an appeal, the appeal
board shall convene a meeting and adopt such
yprocedure and make such decision as it deems
fitc r
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Amendment
to section
9(1i).

Amendment
to section
D%

. Amendment

to section
16.

(vii) No compensation shall be payablle to
any licensee whose licence is revoved, altered
or varied in accordance with sub-section (v).

(viii) The Ruler in Council may for the
purpose of determining the conditions and
restrictions tc be prescribed on licences
issued under sub-section (iii) spp~int a
committee consisting of such persons as may
be prescribed. ' ;

(ix) The Ruler in Council in appointing
such Committee shall take intc consideration
the need to protect public health, safety
and welfare and animal and vegetable health
and life as well as the need to promote
industrial growth and to protect other
beneficial uses of state waters.

4. Section 9(i) of the Principal Enactment is hereby
amended by inserting the following proviso theretc:

vpProvided that the provisions in this sub-section

. shall not apply to the revocation, alteration or
variation-of a licence issued under section 7A of
this Enactment."

5.(a) Sub-section (ii) of section 15 of the princip:l

Enactment is hereby amended by deleting the word "or"

after the words "section 5" and substituting therefor
with a comma and by adding after the words "section /"
the words "or section 7A".

(b) 3ub=-section (iii) of secticn 15 of the principal
Enactment is hereby amended by adding the following
proviso thereto:

wprovided that this provision in this sub-section
shall not apply in respect of any offence in con-
travention of section 7A".

6. Section 16 of the principal Enactment is herseby
amended: :

(a) by deleting the word "or" after the words
"section 5" in sub-section (i) thereof
and substituting therefor with a comma and
adding after the words "section 7" the
words "or section 7A".

{b) by substituting a comma for the full stop
at the end of sub-section (ii) thereof and
4 adding thereafter the words "and any
pollution in a river to be removed."

(c) by deleting the word "or" after the words
"section 5" in sub-section (iii) thereof and
substituting therefor with a comma and adding
after the words "section 7" the words "or
section 7A". :

—3.-



Amendment to T Sub-section (i) (b) of section 18 of the
section 18. principal Enactment is hereby amended as follows:
(a) insert the words "State Secretaries or"
between the words "by" ana "District"
in line one thereof;

(b) for the word "and" occurring in liue
three thcreof substitute a comma; and

(c) for the semi-colon occurring at thz end
of the said sub-section substitute the
following "and section 7(A):"

Passed this. day of 41970

CLERK OF COUNCILS
(STATE)
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Estimated Costs

We have considered fixed-roof reinforced concrete primary
digesters with and without separate yas ccllection ‘acilities-
floating roof primary aigesters with integral gas ccllection; and
simple earih-banked lagoons. We have not considered steel—i fabricated
tanks in detail but would not expect them to be any cheaper than
reinforced concrete tanks. We set out the estimated costs of the
alternative schemes below; these estimates include contingencies,
supervision and Engineer's fees. We include for an earth-banked
secondary lagoon in each scheme. Actual costs couvld be aflecied
significantly by many local factors, including site location and
conditions.

¥ Fstimated Costi
Scheme
M

Open R.C. tank 313,000
Fixed-roof R.Cstank

without gas collection 322,000
Fixed-roof Re.C. tank with

separate gas collection 410,000

Floating roof R.Ce tank
with integral gas
collection 469,000

Earth-banked lagoons 299,000

; We have nhot included an item for sludge tankering to land
because capital expenditure would be limited to that of a suitable
tanker/trailer and possibly a tractor. -
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Recirculation

The minimum ratio of recirculation to influent is
usually 1:1. We calculate that a 2 in. pump would énable up to
60 g.p.m. of effluent 1o be recirculzted to the head of the
pond system, whilst maintaining reasunzble velocities inr a 2 ir.
rising main; thus, the average recirculation ratio would bc
about 8 : i. If recirculation to intermediate ponds were also
shown to be desirable the availability of this capacity would be
useful; if not, a bleed-back from the pumping main to the final
effluent line could be used to reduce the recirculation ratio.
We show this facility in Figuire No. 5.

Estimated Costs

We estimate that the cost of excavating and forming the
eight earth-banked ponds, together with appropriate pumping
installation and pipework and including contingencies, super=
vision and Engineer's fees, would be 2M116,000. This must be
considered as a tentative estimate only which could be affected
significantly by many local factors, including site location and
conditions.



APPENDIX F

Comments on Unsuitable Treatment Methods

Solids Separation by Gravity
Settlement

We have been given the results of a number of limited settlement
tests and have ourselves conducted some simple settlement ex-
periments. We conclude that neither waste is amenable to convent-
jonal sedimentation techniques because of the large proportion of
finely divided and colloidal solids which are virtually unsettle-
able in practice. It is possible that long term retention in
lagoons would cffect significant settlement; we have discussed
lagoon treatment in Sections 8 and 9 Even were settlement possible,
the limited data available suggest that B.0.D. removal would be
minimal. For instance, Kirat Singh et al report: that even after
24 h. sedimentation the upper of two equal layers that formed had
a B.0.D. of 15,000 mg/l, compared to the lower layer B.O.D. of
16,000 mg/l; a B.O.D. reduction of only about 3 per cent with

a settled sludge volume of about half the original volume.

Flotation

We do not know if the solids in the wastes would be
amenable to flotation techniques, but think it unlikely that any
worthwhile degree of efficiency could be attained or that experiment-
al work could be justified because of the‘nature of the solids and
high dissolved and colloidal B.O.D.

Centrifugation

We have observed simple experiments where the wastes,
separately and mixed, have been centrifuged in the laboratory and
limited centrifuge tests have been carried out by the Water Pollution
Research Laboratory (Appendix B). In all cases separation of a
lower layer of sludge has taken place. It is possible that a degree
of separation could be achieved on full-scale, but unlikely that the
residue would have a sufficiently low moisture content for convenient
handling and the liquid fraction would have a high B.O.Ds and fines
content. We do not think, therefore, that centrifugation is likely
economically or practically to be acceptabie even as a partial
"solution to the problem.

Solids Separation by Filtration

Physical filtration of either waste is likely to be im-
practicable because any filter mediu:m sufficiently fine to trap
the finely-divided solid particles would rcpidly blind: this
tendency would be aggravated by the oily nature of the solids. The
poor filtrability of the centrifuge sludge has been confirmed Ly
the studies carried out on our behalf by the Water Pollution
Research Laboratory. In any case, aftec removal of suspended solids,
the filtrate would still have a high B.0.D. and considerable addition-
al treatment would be necessary. We do, however, briefly discuss
some filtration technigques and suggest that one of them be examined
experimentally.



Rapid Sand Filtration

Rapid sand filtration is applied widely in water treat-
ment practice and for the tertiary treatment of sewage and in-
dustrial wastes: upward, dewnward and radial flow techniques
are used with varying degrees of autum~tion and sophistication.
The process is most efficient as a meaus of removing low concen=-
trationc of suspended matter from large volumes of water, and
therefore would be unsuited to the treatment of palm oil wastes.

Slow Sand Filtration

Rapid sand filtration was developed from this simpler
process which essentially relies upon the gravity flow of water
through a sand bede. Even when the suspended solids content of
the feed is low, large areas of filter are necessary and labour
requirements are high: this technique also would be unsuited to
palm oil waste treatment.

Sand Drying Beds

Sand drying beds are similar to slow sand filters except
that they are designed to convert high-moisture content sludges
to a handleable dry sludge cake. The sludge is run onto the bed
and dries by drainage and evaporation. Drying beds could be suit-
able for the dewatering of clarification sludge, but the beds
would probably clog rapidly, any drainage would require further
treatment and considerable smell nuisance would be likely.

Wedge Wire Drying Beds

Wedge Wire beds would probably be more efficient than
_ sand beds for dewatering clarification sludge and smell problems
might be less. However, the finely-divided nature of the suspended:
solids would be troublesome and large volumes of support water
would be required which wculd increase the problem of liquid
effluent disposal.

Screening

It is possible that some of the suspended matter could be
removed by ultra-fine screens (e.g. Microstrainers), but the poor
B.0.D. removal and mech=blinding would prevent economical operation.

; Upward—flow Clarification

We do not thin% that this method of treatmenc is applicable
to either of the wastes. The nature of the solids is such that
little flocculation could be expected and neither solids nor B.O.D.
removal would be significant.

Vacuum Filtration

It is standard practice to condition sludges with appropriate
‘chemicals to improve their filtrability prior to vacuum filtration
(dewatering). However, the filtrability studies carried out by

—2-



W.P.R.L. using Westfalia clarification sludge (Appendix B)

show that the sludge has unusual characteristics and that
filtration techniques could not econcmically be applied to remove
and concentrate solids from this waste. Work. elsewhere on wastes
from other sources confirms this finding and suggests, as would
be expected, that neither the condensate nor the mived effluent
is amenable to filtration using existing coagulation and fleccul-
ation tcchniques.

It is possible that filtration through a precoated
vacuum filter could be practicable, but we know of no work that
has been carried out using this form of treatment. An experirent-
sl approach might be useful, and we have discussed this in
Section 14 of the Report.

Filter Pressing

The economic viability of pressure filtration is assessed
using the same basic parameters as that of vacuum filtration; the
system is therefore not practicable for palm oil waste treatment.

Ultra-Filtration

Suspended matter similar to that present in palm oil
wastes is sometimes amenable to separation by ultra-filtration
techniques. The process is expensive, but if it were shown to be
possible technically, might be acceptable, economically as a
means of by-product recovery. We have discussed ultra-filtration
in Sections 11 and 13 of the Reporte.

Chemical Treatment

Flocculation

The efficiency of settlement can often be increased
considerably by adding chemical coagulants to a waste and allowing
flocculation to take place either in a specially designed
flocculator or in the settlement tank itself. Flocculation some-
times can be achieved even without the use of chemicals, in, for
example, a picket-fence flocculator. Work on palm oil wastes by
Kirat Singh et al, W.P.R.L. and others suggests that flocculation
weuld have little effect with palm oil waste unless, perhaps,

- massive chemical doses were used.

" Oxidation

_The pollutional effects of palm oil wastes could Le re-
duced by chemical oxidation with, for example, chlorine or ozone
and it is possible that the filtrability of the suspended sollds
would be improved attendantly. However, the production of volumes
of either gas sufficient fully to oxidise the wastes would be
prohibitively expensive. Theoreticalliy, electrolytic treatment
could be effective in coastal areas where sea water would be
readily available, but the cost of electricity would be high.

“3—



Heat Treatment

Low Pressure

We have discussed the problem c¢f concditioning the
clarification sludge chemically in order to rcnder it more
amenable to phvsical dewateiring processes. It is pessible
that the use of heat treatment techniqgues could prove mere
successful., Heat treatment involves tne application of heat
to the sludge under low pressure and is used successfully to
condition sewage sludges; these are, however, more amenable
to chemical conditioning. Experiinental work would be necessary
before the process could be considered for palm oil waste,
but the cost of the process is high and we do not think that
the initiation of experimental work could be justified.

High Pressure

The mixed westes, or either waste separately, could
be treated by the wet oxidation process. In this process the
waste is subjected to increased terperature and pressure
(120 - 300°C and 150 = 1,500 pe.se.i. sespectivelyjand the
organic constituents are oxidised, resulting in an inert and
readily settleable solids fraction; this may be separated
from a liquid fraction which has a comparatively low B.0.D.
We think that this process would be applicable to palm oil
wastes but unattractive economically.

Incineration and Evaporation

Incineration

.

Incineration is costly and it would in any case be
preferable to dewater the wastes prior to introducing them to
an incinerator. The process is attractive in that it produces
comparatively small volumes of a sterile and easily handleable
ash, but the effluent from any preliminary dewatering process
would require further treatment and the added cost of this and
of the dewatering plant itself would result in very high over-
all treatment costs.

Evaporétion

The comparatively low solids content of the condensate
militates against evaporation as an economical treatment process
and we have also shown the cost of evaporation of clarification
" sludge to be high (Section 11).



FIG.I

L6l

€L01

zL6l

1461

OLs])

6961

Q961

£961

9961

$961

¥961

961

]

Q. ;

o

REEE S

o ~ w - (] ~N

AMO_KmZOU NOILONAOHd O WIvd

196l

== eWEST MALAYS'A & SADAN

~— VIEST MALAYS'A ONLY

SL61

vLi6l

€Ll

L6

L8l

oLél

6961

2961

L96]

98I

S961

vo6i

€981

6]

BEEIE L &

e ° 0 < oy

. Ano_ xmuau.w WIvd 0 ¥3GNN Y3aY

[s]e]

196]

Ol __PRODUCTION AND_ Ol FALM ACRZAGE

PAILM




_/ m\.J..\;\v
Q. Yook »
—~ N PERLIS™ -, Ay
./ \."ﬁ :.”‘6.“..._ e A 4
— ' (NIL) i
f(.?l?a.u
I»_..!. Star &
/ KEDAH w
(5 80O ACRES) [

/ ; ~L
V4 S

T v .
i < o«
Tl
; qu\n..m”.o““.r.wu ; m..ni“:-l: . v = Grik
vmz>zn m.‘ gznﬂ \\\\ .
(4600 sﬂ_._.n.j< /
ACRES) P
\.r/. St A Lo
B

(~D4 PERAK
v _U_U.J.W

Jx (64 400 ACRES)

.

\)..(‘...\

KELANTAN
(4900 ACRES)

TRENGGANU
_ ?umoo ACRES)

\




NOTES: ; JOHORE
Estate acrecges thown thus: ; ﬁ_SVOO ACRES)
The ccreagas thown ore ralated te the
mambarship of the censtituant bodies
of the Oil Palm Growers Council ond ex-
clude eitates outside the membership
sitimated ct approz. 5O 000 ecres in 1970.
129.._“”.-.5- thown asl
¢ Over 100000
B 25000 - 100000
> 10000 - 25000

o] Undar 10 000

(12i 500 ,
ACRES) -
f&t‘\ﬂ n. W it
Lum - i b 1, %
\ W.OM\Q\Q\.%..W#{SQ%\. ;/r/.
Swatfenham \\ . ; :../..
e NEGERI S
| >~
{ re ; ; :
b 3 S5 S EMBILAN Y. /./
(18 200 >ﬂmmmv ; : i
o e & - Loy i 2
-. a ] T ..n.l..ﬁJ"
» .....\\.!...l....\\l/.....r \ wi. - - "J
MALACCA h\._ _
- o Klueng

JOHORE
(189 600 ACRES)

DRG. No.SAUJOIG 1

DECEMBER 1970

DISTRIBUTION BY STATES OF OIL PALM
ACREAGE - 1970

J.D. & D.M. WAT SON,

CHARTERED CIVIL ENGINEERS,
WESTMINS TER

CHINA




FRESH FRUIT BUNCHES

Press cake
FIBRE e SEPARATOR

-
s
2

Z
'CRACKERS

KERNEL
HELLS &= sePARATION

BAGCS

GENERAL FLOOK
DRAINAGE

l

|\?ASTE|

PALM Oll. MILL

= GENZRALIS

FIGIS.

# CONDENSATE
P

:

STER!

STRIPFCR

CICESTER <

~

PRESSES

DEPERICARPER

Crude oil
VIBRATING __|
SCiEEN
HEATER
i g “lHEAVY sLucc]
SLUDGE
TANK
5|  DESANDER = -&fvasfs
L
5
3
n
VIBRATING B Py
bl sfwaste]
be CENTRIFUGE === | =0ICLARIFICATION
SLUDGE
SETTLED OIL TANK
CENTRIFUGE S WASTE
DEHYDRATOR oI WASTE
STORAGE

D FLOW DIACHAM SHOWINMG

PROCESSES

MOST CCHMIUMONMLY IM USE AND

SCURCES _OF

WASTES



CLARIF!C‘;\TION FIG 4

SLUDGE

PRIMARY DIGESTER PRIMARY DIGESTER

_______ STATION

| | |
| ' L . l
i : [ 1
: e ] PUMPING J

SECONDARY
LAGOON

|
i

TO
TANKER

e e CRUDE SLUDGE
Seemesmne - DIGESTED SLUDCGE

-————- RECYCLED SLUDGE

CLARIFICATION SLUDGE DIGESTION PLANT FLOW
DIAGRAM




e FIG. 5.

CONDENSATE
=0

]

ANAEROBIC FONDS

v
RECIRCULATED FINAL EFFLUENY

@ @ FACULTATIVE POMDS

ERILISER CONDENSATE STADILISATION POND
FLOW DIAGRAM




FIG. 6.

TOTAL

SMALLhOLDINGS

ESTATZS

d

oLbl

6961

896!

L9361

995!

15961

¥9bl

€96l

1961

1302

1200

10O

1000

900
8C0
700
600
500

(snoL 000.)

NOIIONQONd Y39

400

300

200

100

1961

TOTAL

SMALLHOLDINGS

ESTATES

oLbl

5961

4

o986l

L9581

1

956!

1

4¥961

£9¢8l

7981

4000

0 Rl SRR
Pod a8

™~
(s3udv oool)

3388NE ¥3GNN vIUY

1961

PRODUCTION AND ACREAGE

BER

RUD




FIG.7

—==TOTAL

-
—1
-

QL6

5961

@961

L1961

99¢1

5961

v96i

£961

G

:

3

-
w

@]

B

(o]
hOOOd NOILONUOYE Z2ddVENId ONINNVD

00

i961

2961

TOTAL

SMALLHOLDINGS

e i R TATED

OLé

6561

evsl

L96)

9961

5961

o6l

€361

Z96i

193

2 R 2

mﬂmmu,« ooow T1ddVINIA ONINNYD 430NN VIEV

ACE

P
e

PRODUCTION AND ACR

£

N ADP

L
—

o

-

ANN

W



	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 

