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AbstrAct

The single largest issue facing the extended 
development of the palm oil industry is the 
impact of mill by-products on the environment; in 
particular on palm oil mill effluent (POME). The 
Malaysian Department of Environment requires 
treatment of POME to extremely challenging 
parameters, which are difficult to achieve in the face 
of highly volatile processing volumes and irregular 
conditions for bacteria to optimally survive in 
anaerobic and aerobic ponds, the most common 
method of POME treatment. Whilst POME 
discharge is only permitted through land irrigation, 
the heavy volumes of POME produced can overflow 
from silted irrigation channels, especially during 
heavy rainfalls, and eventually find its way into 
the surrounding rivers and harming dependent 
communities. The palm oil industry has broadly 
struggled to find cost-effective solutions to fully 
consume or recycle POME into other applications, 
thereby creating a genuine zero discharge scenario. 
This article describes a technology that has been 
successfully deployed in POME treatment via flash 
evaporation/air-drying of POME. The technology 
has the potential to safely eliminate discharge 
of POME and ensure the continued safety of 
Malaysia’s sensitive ecosystems. 

AbstrAk

Isu terbesar yang dihadapi oleh industri minyak 
sawit adalah kesan bahan buangan kilang sawit 
terhadap alam sekitar; khususnya efluen kilang 
minyak sawit (POME). Jabatan Alam Sekitar 
Malaysia menetapkan peraturan yang ketat supaya 
POME dirawat dengan berkesan, tetapi ini agak 
sukar untuk dicapai dengan kaedah rawatan POME 
yang biasa iaitu kolam anaerobik dan aerobik kerana 
jumlah pemprosesan yang tidak menentu dan 

keadaan kolam yang berubah-ubah menyukarkan 
kehidupan bakteria secara optimum. Walaupun 
pelepasan POME hanya dibenarkan melalui 
pengairan tanah, POME dihasilkan dengan jumlah 
yang besar boleh melimpah dari parit pengairan 
yang dipenuhi kelodak, terutamanya semasa 
hujan lebat, dan akhirnya mencemari sungai yang 
berhampiran dan membahayakan penduduk yang 
bergantung padanya.  Industri minyak sawit telah 
berusaha untuk mencari penyelesaian secara kos 
efektif untuk menggunakan POME sepenuhnya 
atau mengitar semula POME ke dalam aplikasi 
yang lain, dengan itu mewujudkan satu senario 
pelepasan sifar.  Kajian ini menjelaskan tentang 
teknologi penyejatan pantas atau pengeringan 
udara yang telah berjaya diguna pakai dalam 
merawat POME. Teknologi ini mempunyai potensi 
untuk menyingkirkan POME dengan selamat   
dan memastikan keadaan ekosistem alam sekitar 
sentiasa terpelihara.

IntrOductIOn

Palm oil mill effluent (POME) is a thick brownish 
acidic liquid wastewater, high in colloidal 
suspension and has an unpleasant odour (Ahmad 
and Chan, 2009; Loh et al., 2013; Liew et al., 2015). 
It is a combination of wastewater generated from 
three main areas of a palm oil mill being; steriliser 
condensate, oil/sludge clarification wastewater 
and hydrocyclone wastewater that contribute 
about 60%, 35% and 4%, respectively of the total 
volume (Liew et al., 2015). There are also some other 
relatively minor wastewater streams, which may 
include turbine cooling water, boiler blowdown 
water, overflows from the vacuum dryer and floor 
washings. The volume of these other wastewater 
streams are largely dependent on mill policies and 
operations. The final combined wastewater (in 
its raw stage) is essentially 95% - 96% water, with 
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balance made up of 4% - 5% total organic solids, 
including dissolved organic nutrients, complex 
sugars, plant proteins, 0.6% - 0.7% oil and grease 
and traces of other organic components (Ma, 2000; 
Ahmad et al., 2003). 

POME is typically high in biological oxygen 
demand (BOD) of ~25 000 mg litre-1 and chemical 
oxygen demand (COD) of ~50 000 mg litre-1 (Loh 
et al., 2013). The traditional method of POME 
treatment has been anaerobic digestion followed 
by aerobic digestion of organic matter, and carried 
out in large open lagoons. More recently, palm 
oil mills have begun to attach biogas plants to 
optimise anaerobic digestion under controlled 
and monitored conditions (MPOB, 2014; Loh et 
al., 2013; 2011; Hosseini et al., 2013; Basri et al., 
2010; Yacob et al., 2006). A well-designed plant 
can achieve a BOD and COD reduction of over 
90% to below 500 mg litre-1 (Loh et al., 2013; 2011). 
However, the major challenge remains to further 
reducing this BOD to below 20 mg litre-1 to meet 
the Malaysian Department of Environment (DOE) 
discharge standards into land irrigation. The final 
reduction can be achieved by aerobic digestion 
but this process has generally broken down by 
insufficient bacterial activity stunted by irregular 
effluent flows, volatile incoming BOD/COD, 
rainwater, and the consistency of sufficient oxygen 
being present throughout the aerobic ponds. A 
further issue lies within the difficulty of recycling 
bacteria prior to the effluent being discharged into 
land irrigation, which could save costs against the 
constant addition of replacement bacteria required. 

To overcome the issues of the difficulties in 
managing bacterial aerobic digestion, the industry 
has largely focused its efforts on decanting, 
flocculating and filtration of the final organic solids 
remaining within POME, to affect the required 
reduction of BOD to DOE discharge standards 
(Liew et al., 2015; Azmi and Md Yunos, 2014). The 
issue with this approach, apart from the high capital 
cost, has been that POME is a wastewater high in 
colloidal suspension and further contains dissolved 
plant proteins and sugars that cannot be filtered 
using standard membrane filtration systems. 
Organic fouling of the membranes has also posed a 
significant issue even if technology providers could 
cost effectively introduce nano filtration systems. 
The complexity of the composition of POME, 
coupled with its volatile components has become a 
source of deep frustration for the industry looking 
for reliable technology to consistently meet DOE 
standards, against surrounding communities 
demanding strict compliance.   

To solve the above, most of the recent studies 
have looked into the possibility of reducing POME 

during the palm oil milling process or releasing the 
same quantity of POME but maximising POME 
utilisation and recovery to achieve zero discharge 
or zero emissions. The pilot study incorporated the 
anaerobic, aerobic and reclamation system (reverse 
osmosis and ultrafiltration) managed to treat 
POME to a highly clean water able to be recycled 
as boiler feed water, thus achieving zero discharge 
(Loh et al., 2013; Tabassum et al., 2015). Besides, 
combined treatment of activated carbon followed 
by a chemical coagulant was found effective in 
reducing the concentration of suspended solids 
(SS) and COD from POME to below the limit 
set for final discharge (Othman et al., 2015), thus 
claiming to fulfil the zero emissions concept. 
The disposal of POME via evaporation has long 
been attempted (Ma, 1999), and recently revisited 
involving reduction of effluent production via 
evaporation followed by continued composting 
(Rahman et al., 2013), and evaporation during 
palm oil clarification making use of the two-phase 
decanter and a multiple-effect evaporator (Kandiah 
and Batumalai, 2013).  

Evaporation of any water source, indoor or 
outdoor occurs naturally on a daily basis, all 
year round. Evaporation is a type of vaporisation 
where an element or compound (for example 
water), transitions from the liquid phase into a 
gas phase. There are two types of vaporisation; 
evaporation and boiling. In evaporation of water, 
a percentage of molecules at the liquid surface/
air point have sufficient heat energy to escape 
from the liquid. For H2O molecules in a liquid to 
evaporate, they must be located near the surface 
and have sufficient kinetic energy to overcome 
the liquid-phase intermolecular forces. As 
kinetic energy of a molecule is proportional to its 
temperature, evaporation occurs more rapidly at 
higher temperatures. Evaporation also tends to 
occur more rapidly when there are higher flow 
rates between the gaseous and liquid phases, for 
example as experienced with wind. Furthermore, 
wind refreshes the area directly above the liquid 
source with new air that has lower saturation and 
hence allowing higher evaporation rates. Vice versa, 
water molecules in air will continue to diffuse into 
the liquid, however as long as the relative humidity 
in air is less than 100% (fully saturated), the net 
transfer will be into the air. 

There are several approaches in handling POME 
where discharge standards cannot be met. Millers 
can continue to build more ponds to add further 
retention time and allow rainwater to dilute down 
BOD until such time that the discharge standard 
has been met. Alternatively a boutique solution 
that provides optimum conditions for anaerobic 
and aerobic bacteria to completely break down 
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residual SS, carbohydrates, proteins and lipids in 
POME can be looked into too. In zero discharge 
solutions where POME is utilised for an application 
such as moistening of compost heaps, it is subjected 
to sufficient quantities of compost and space being 
available to moisture. POME can be evaporated 
at high temperatures and under pressure which 
incurs more expensive cost or fracturing of POME 
in standard outdoor conditions which is more 
economical. This article attempted treating POME 
through outdoor flash evaporation at standard 
atmospheric conditions and examining its efficiency 
to achieve zero discharge for the palm oil milling 
production. The study featured zero discharge 
solution through evaporation utilising fracturing of 
POME in standard outdoor conditions.

MetHOdOlOgY

Commercial Plant Set Up

The evaporation system has been deployed in 
two Sabah palm oil mills; one at a privately held 
Tawau-based mill, and the other at Sime Darby at 
a Keningau-based mill. Both mills obtained Sabah 
DOE approval to operate the evaporators with a 
reduced quota for any discharge of POME via land 
irrigation to 50% the normal expected discharge 
at 1:1 POME/fresh fruit bunches (FFB) ratio. The 
Tawau mill has had its evaporation system in 
operation for over 18 months and reported only 
at 20% discharge of POME compared to expected 
levels. It is in the process of procuring additional 
evaporators to reduce the discharge to zero. The 
Sime Darby mill has not discharged any effluent 
since commissioning of the evaporators.

Analysis

Meticulous calculations were taken, particularly 
at the Tawau-based mill, for monitoring rainfall, 
POME inflows and outflows from pond to pond, 
and daily height differences of the ponds, to 
calculate the rate of evaporation. These data would 
also enable calculation of CAPEX and OPEX 
figures. Three separate POME samples were taken 
and sent to the Universiti Malaysia Sabah, Sabah 
for analysis of total dissolved solids (TDS), SS, 
BOD, COD, heavy metals and rare elements, sugars 
and organic content.

To verify the impact of the removal of SS 
on BOD, samples of POME obtained just prior 
to discharge into land irrigation, were filtered 
through a 0.2 µm and 30 nm pore size ceramic filter. 
The filtration system was obtained on trial from 
Novoflow, Germany and involved passing POME 
through a spinning circular ceramic disc membrane 
at 200 rpm. The reason for spinning the ceramic 

membrane was to use centripetal forces to sideline 
SS to the sides of the filtration chamber, leaving 
the centre of the membrane clear for filtrate to pass 
through ensuring the membrane would not easily 
choke. The filtrate was captured and observed to be 
a pale yellow crystal clear liquid. The filtrate was 
sent to a laboratory for chemical and biological 
analyses.  

Environment air quality testing was also 
conducted to test for volatile organic compounds 
(VOC), H2S and total suspended particulate (TSP). 
The testing was carried out by Kiwiheng Wood and 
Environmental Consultants Sdn Bhd (DOE Reg. 
No. C0924). The evaporator was set up in the centre 
of a pond (Figure 1). Testing of VOC, H2S and TSP 
was carried out directly at the bank of the pond, 50 
m away from the pond, and lastly 100 m away from 
the pond. Samples were taken with the evaporator 
off at the pond bank, and then switched on and 
again taken at the pond bank, 50 m away, and lastly 
100 m away. This would show if any gases moved 
outwards, if detected, or remained constrained 
within the vicinity of the evaporation pond.

results And dIscussIOn

POME Characteristics

The POME samples taken from the Tawau-based 
mill just prior to discharge into land irrigation and 
after more than 100 days of retention time in ponds 
were fully characterised. The POME samples were 
found to contain chemical and ionic compositions 
(Table 1). 

The analysis revealed that the major 
components of POME at time of final discharge 
were SS, nitrogen, chloride, potassium, magnesium 
and calcium. POME treatment plants currently in 
operation have largely focused on the removal of 
SS to reduce BOD to achieve the DOE projected 
target of 20 mg litre-1 BOD. Coagulants, flocculants 
and filtration can reduce SS to near negligible 
levels, however, it hasn’t resulted in consistently 
achieving below 20 mg litre-1 BOD. 

Biological Oxygen Demand (BOD)

In any body of water, biological organisms will 
continuously break down any organic materials 
present into simpler forms. BOD is the amount 
of dissolved oxygen required by these biological 
organisms in performing this task. It is typically 
measured over a five-day period at incubation 
of 20oC. The analysis of the POME filtration tests 
(Table 2) demonstrated that a significant organic 
compound present in POME was SS; however 
filtration of these SS still could not reduce BOD 
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Figure 1. Sampling points for the measurement of air quality at the evaporator sites.

TABLE 1. ChEMICAL ANALySIS Of PALM OIL MILL EffLUENT

Element Value (mg litre-1) Parameter Value (mg litre-1)

Potassium 3 713.99 Suspended solids 353.87
Magnesium 467.58 Total nitrogen 88.83
Calcium 275.16 Ammonical nitrogen 31.13
Sodium 50.21 Chloride 758.57
Bismuth 7.61 Sulphate 39.80
Aluminum 3.31 Bromide 10.03
Arsenic 3.06 - -
Rubidium 3.87 - -
Strontium 3.14 - -
Barium 1.63 - -
Cobalt 1.80 - -
Copper 1.82 - -
Iron 1.42 - -
Gallium 1.37 - -
Manganese 1.92 - -
Titanium 1.07 - -
Vanadium 1.05 - -
Zinc 1.60 - -

to acceptable levels. There were clearly other 
components in POME, aside from SS, which were 
contributing to residual BOD. 

BOD comprises of two components; 
carbonaceous biological oxygen demand (CBOD) 

and nitrogenous biological oxygen demand 
(NBOD). As the name implies, biological organisms 
breaking down carbon-based organic compounds, 
such as sugars, contribute to CBOD. Biological 
organisms breaking down nitrogen-based organic 
compounds, such as proteins, contribute to NBOD. 
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TABLE 2. ANALySIS Of fILTERED PALM OIL MILL EffLUENT

Test parameters Pre-filtration 0.2 µm filter 30 nm filter

Biochemical oxygen demand (BOD) 
(mg litre-1)

106 92 62

Chemical oxygen demand (COD) 
(mg litre-1)

1 064 947 642

Total solids (mg litre-1) 6 138 5 636 3 876
Suspended solids (mg litre-1) 379 76 14
Oil and grease (mg litre-1) 13 7 11

TABLE 3. CONSTITUENTS Of RAw PALM OIL MILL EffLUENT

Constituent Quantity (g g-1 dry sample)

Crude protein 9.07
Crude lipids 13.21
Carbohydrates 20.55
Nitrogen-free extracts 19.47
Total carotene 20.07
Ash 32.12
Moisture 6.75

Source: Habib et al. (1997).

It was evident that POME was rich in both organic 
sugars and plant proteins and its major constituents 
(Table 3). 

Agamuthu and Tan (1985) reported organic 
matter in POME was due to the presence of 
cellulosic sugars such as arabinose, xylose, glucose, 
galactose and mannose found at the concentrations 
of 6.43%, 0.44%, 0.22%, 0.15% and 0.10% dry 
weight, respectively. These sugars are five and 
six carbon chain monosaccharaides. Ahmad et 
al. (2011) reported lipids was one of the major 
organic pollutants in POME. The compositions and 
concentrations of proteins, nitrogenous compounds 
and lipids in POME are summarised in Table 4. 

Anaerobic digestion is a critical stage in the 
treatment of POME. In anaerobic digestion, 
carbohydrates, proteins and lipids within POME 
are ultimately degraded into methane, carbon 
dioxide and water; involving a sequence of 
reactions including hydrolysis, acidogenesis and 
methanogenesis. Even under controlled conditions, 
it would not be possible to achieve 100% anaerobic 
digestion of all organic components in POME. The 
vast majority of palm oil mills conduct anaerobic 
digestion in open lagoons subjected to daily 
temperature variations, dilution from rainwater 

and variables flows of incoming raw effluent. 
Therefore, it is expected that a percentage of 
carbohydrates, lipids and proteins would remain 
undigested and continue to flow through the 
staged ponds currently employed by mills. This 
was true as was shown by the total carbohydrates 
of 10.36 mg litre-1 for a sample of final effluent of 
POME after 100 days of retention time.  

With residual carbohydrates, proteins and lipids 
remaining in POME, it was clear that the BOD in 
final effluent cannot be wholly attributed to the 
breakdown or removal of suspended organic solids. 
Residual organic sugars, proteins and fatty acids in 
final POME also contributed to BOD and unless a 
specific biological treatment can breakdown these 
compounds in POME, achieving 20 mg litre-1 BOD 
in final POME will continue to prove difficult for 
the palm oil industry. 

In Malaysia, the pan evaporation rates average 
between 3 mm to greater than 5 mm per day, across 
the country. In general, northern Sabah (Kota 
Kinabalu region to Sandakan) has the highest 
pan evaporation rates in the country consistently 
averaging above 4 mm daily. That is, any open 
water source in an outdoor environment will 
naturally deplete by 4 mm daily, on average. The 
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 TABLE 4. AMINO ACIDS/LIPDS IN RAw PALM OIL MILL EffLUENT

Amino acid Chemical formula Quantity (g/100 g protein) 

Aspartic acid HOOC–CH2–CH(NH2)–COOH 9.66
Glutamic acid HOOC–(CH2)2–CH(NH2)–COOH 10.88
Serine HO–CH2–CH(NH2)–COOH 6.86
Glycine NH2–CH2–COOH 9.43
Histidine NH–CH=N–CH=C–CH2–CH(NH2)–COOH 1.43
Arginine HN=C(NH2)–NH–(CH2)3–CH(NH2)–COOH 4.15
Threonine CH3(OH)CH(NH2)–CHCOOH 2.58
Alanine CH3–CH(NH2)–COOH 7.70
Proline NH–(CH2)3–CH–COOH 4.57
Tyrosine HO–Ph–CH2–CH(NH2)–COOH 3.26
Phenylalanine Ph–CH2–CH(NH2)–COOH 3.20
Valine (CH3)2–CH–CH(NH2)–COOH 3.56
Methionine CH3–S–(CH2)2–CH(NH2)–COOH 6.88
Cystine HS–CH2–CH(NH2)–COOH 3.37
Isoleucine CH3–CH2–CH(CH3)–CH(NH2)–COOH 4.53
Leucine (CH3)2–CH–CH2–CH(NH2)–COOH 6.86
Lysine H2N–(CH2)4–CH(NH2)–COOH 5.66
Tryptophan PH–NH–CH=C–CH2–CH(NH2)–COOH 1.26
fatty acid Chemical formula Quantity (g/100 g lipid) 

Capric acid (10:0) CH3(CH2)8COOH 4.29
Lauric acid (12:0) CH3(CH2)10COOH 9.22
Myristic acid (14:0) CH3(CH2)12COOH 12.66
Palmitic acid (16:0) CH3(CH2)14COOH 14.45
Heptadecanoic acid (17:0) CH3(CH2)15COOH 1.39
10-heptadecanoic acid 
(17:01)

CH3(CH2)8CH=CH(CH2)5COOH 1.12

Stearic acid (18:0) CH3(CH2)16COOH 11.41
Oleic acid (18:1n-9) CH3(CH2)7CH=CH(CH2)7COOH 8.54
Lenoleic acid (18:2n-6) CH3CH2(CH=CH.CH2)3(CH2)6COOH 4.72
Linolenic acid (18:3n-3) CH3CH2(CH=CH.CH2)3(CH2)6COOH 4.72
Arachidic acid (20:0) CH3(CH2)18COOH 7.56
Eicosatrienoic acid (20:3n-6) CH3CH2(CH=CHCH2)3(CH2)8COOH 1.49
Arachidonic acid (20:4n-6) CH3(CH2)4(CH=CHCH2)4(CH2)2COOH 1.12
Eicosapentaeonic acid 
(20:5n-3)

CH3CH2(CH=CHCH2)5(CH2)2COOH 0.36

Behenic acid (22:0) CH3(CH2)20COOH 2.62

           Source: Habib et al. (1997).

Zero Discharge of Palm Oil Mill Effluent through Outdoor Flash Evaporation at Standard Atmospheric Conditions
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TABLE 5. MALAySIA EVAPORATION RATES (all rates in mm per day)

year KLIA Senai Kuantan Melaka Tawau KK Kuching Alor Setar

2010 4.3 3.5 4.0 4.3 3.8 4.5 3.5 4.4
2011 4.4 3.3 3.6 4.2 3.5 4.4 3.6 4.0
2012 4.5 3.3 3.8 4.2 3.7 4.5 3.6 4.6

Note:  KLIA - Kuala Lumpur International Airport.
 KK -  Kota Kinabalu.

Source: Malaysian Meteorological Department (2013).

TABLE 6. AVERAGE ANNUAL RAINfALL fROM 2010 TO 2012

KLIA Senai Kuantan Melaka Tawau KK Kuching Alor Setar

Rainfall 2 056.2 2 696.7 2 948.5 1 907.1 2 111.6 2 906.7 4 338.8 2 379.7

Note:  KLIA - Kuala Lumpur International Airport.
 KK -  Kota Kinabalu.

Source: Malaysian Meteorological Department (2013).

daily average evaporation rates and annual average 
rainfall for Malaysia are summarised in Tables 5 and 
6. 

A wide cross-section of weather stations was 
selected across Malaysia. The results showed 
that the minimum daily evaporation rates being 
achieved were above 3 mm daily. The average 
rainfall across the selected stations and over 
three years was 2668 mm annually. These data 
demonstrated that any source of water does 
naturally evaporate in normal climatic conditions 
in Malaysia.  

The total rate of evaporation is determined 
by several climatic factors including ground 
temperature, relative humidity, rainfall, solar 
radiation and wind. Evaporation is the highest 
on hot, windy and dry days. It is the lowest in 
rainy conditions when clouds block the sun, the 
air is cool and calm, and humidity is high. The 
pan evaporation rate is measured by Weather 
Bureaus globally and calculated as the drop in 
water level within a pan over a 24 hr period. The 
pan evaporation rate encompasses all the factors 
of rainfall, solar radiation, humidity, temperatures 
and wind to provide an average daily drop in water 
levels within a pan over a 24 hr period. Where 
rainwater significantly exceeded evaporation, the 
daily evaporation rate is recorded as 0 mm.

The vast majority of palm oil mills employ a 
ponding system to anaerobically and aerobically 

digest organic pollutants in POME. In the case of 
Tawau mill surveyed, it employed two anaerobic 
ponds with dimensions 150 m by 50 m and two 
aerobic ponds at 90 m by 30 m. Depth varied 
between 3 m to 7 m providing in excess of 100 000 
m3 of total volume. POME was flowed into these 
ponds at an average figure of 0.6 m3 t-1 FFB. The 
total surface area of the four ponds was 20 400 
m2. Taking a conservative pan evaporation rate of 
3.0 mm, this equates to 61 m3 of POME naturally 
evaporated on a daily basis. It is important to 
note that whilst the total surface area of the ponds 
allows for pan evaporation, it also works in reverse 
by acting as collection basin for rainwater. Taking 
a very conservative average annual rainfall of 3000 
mm, this would add 168 m3 of rainwater daily 
into the ponds. Taking an average annual figure of 
200 000 t of FFB processed, this would equate to 328 
m3 of POME per day at 0.6 m3 t-1 FFB. Adding both 
POME and rainwater loading would equate to total 
496 m3 of POME/rainwater mix flowing through 
the ponds per day. 

Therefore to technically achieve 100% natural 
evaporation of POME/rainwater of 496 m3 per day, 
the POME/rainwater mix would need to be spread 
over 165 333 m2 (496 m3/3 mm evaporation rate) of 
ponding area. However the conundrum remains 
that any increase in surface ponding area would 
correspondingly add to rainwater loading, causing 
natural evaporation of the POME/rainwater to 
never be practically achieved. What is essentially 
required is an increase of the surface area 
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exposure of POME, without any increase in pond 
surface area, which will allow POME to naturally 
evaporate. 

To achieve a higher percentage of evaporation, 
the surface area of the input liquid source must be 
increased. As described above, natural evaporation 
takes place at the surface/air medium of any liquid 
source when water molecules with energy escape 
the liquid-phase intermolecular forces. Fracturing 
is the ‘obliteration’ of an input liquid source into 
a fine mist. The technology employed to achieve 
this is a liquid source injected under pressure into a 
high-speed rotating turbine. 

The important characteristics of this mechanical 
technology are two-fold. Firstly, the liquid source is 
obliterated into a fine mist. Secondly, the fan blade 
rotating at sub 3000 rpm provides velocity to the 
mist and projects it upwards into the air. Recalling 
that the key characteristics to influence evaporation 
rates were exposure of liquid surface area to air, 
wind velocity and temperature; fracturing of a 
liquid source into a mist creates a tremendously 
greater surface area exposure to air for the liquid 
source. The individual droplet size of a liquid 
transformed into a mist would be millions of 
droplets with an average size of microns in radius. 
The total surface area exposure to air is now the 
surface area of the sphere of the mist droplet 
multiplied by the number of droplets in the mist. 

Due to the microscopic droplet size and velocity 
of the mist created by the high-speed rotating 
turbine, an exponentially higher percentage of 
water molecules are exposed to warm air and 
they instantly flash evaporate or air-dry upon 
conversion into a mist. It is akin to water being 
compressed into an aerosol can and sprayed out. 
The aerosol works to eject its liquid source at high 
speed through a tiny nozzle causing atomisation 
of the liquid into a mist. The vast majority of the 
sprayed water would instantly vaporise and any 
droplets hitting the ground would dry up in a 
matter of minutes, thereby naturally evaporating 
the liquid source into air. 

In the case of fracturing, the high-speed rotating 
turbine creates a fine mist and projects the mist 
into the air. The process is mechanical and there 
are no added chemicals/additives/catalysts or 
any increase in temperature. Therefore, the process 
cannot create any additional chemical reactions 
other than what was already occurring with the 
POME residing in the ponds. Recalling earlier that 
final POME is 99% water with balance admixture of 
organic suspended solids, potassium/magnesium/
calcium compounds, chlorides, organic sugars, 
proteins and lipids; as the POME is transformed 

into a mist, the chemical composure of POME will 
essentially remain unchanged but now broken up 
into thousands of microscopic droplets and held 
temporarily suspended in air due to its lightness 
as a microscopic droplet. Due to the microscopic 
size of the droplet and surface area exposure of 
the droplet to air, a good percentage of the water 
molecules instantly flash evaporate in ambient 
outdoor temperature. The balance compounds 
merely precipitate out from the water and slowly 
drift back into the ponds. Logically, with a hot and 
dry day, a far greater percentage of water molecules 
instantly evaporates. A breeze tremendously 
assists evaporation rates as the near saturated 
microclimate above the evaporator is refreshed 
with new air. 

Water molecules completely vaporise at its 
boiling point of 100oC at sea level atmospheric 
pressure. The remainder of the major components 
found in POME are potassium/magnesium, which 
would be present as salts, calcium as calcium 
carbonate hardness, sugars, proteins and lipids. 
The boiling points of these other major components 
are summarised in Table 7. 

With the major components of POME having 
boiling points more than three times above that 
of water, it is not possible that these components 
would flash evaporate like water at normal outdoor 
temperatures, thereby causing any adverse air 
pollution. Moreover, the unevaporated component 
of the mist would eventually coagulate, saturate 
with the ambient humidity, gain weight and slowly 
drift back to the pond surface. 

VOC are organic chemicals that have a high 
vapour pressure at ordinary, room temperature 
conditions. Their high vapour pressure results from 
a low boiling point, which cause a large number 
of molecules to evaporate or sublimate from the 
liquid or solid form of the compound and enter the 
surrounding air. As summarised in Table 7, none of 
the major components of POME, apart from water, 
demonstrated a boiling point below water. The 
closest one is lauric acid, with a boiling point three 
times higher than water. 

The study was able to quantify that each 
evaporator was able to evaporate between 
30 t to 50 t of water per day, depending on weather 
conditions. Taking an average of 40 t of evaporation 
per day, the approximate capital expenditure cost 
averaged USD 900 t-1 of water evaporated. The 
evaporators themselves require little maintenance 
apart from regular cleaning of pumps, pipes and 
valves. The only cost to consider for their running 
operation is the cost of electricity. Assuming the 
machines operated for 12 hr a day (during day time 
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hours only) and using industrial TNB tariff rate 
of 44.1 sen per kWh, the OPEX of the evaporators 
averaged RM 1.32 t-1 of water evaporated. The 
real OPEX cost to a palm oil mill would be well 
underneath this as biomass boilers using own fuel 
are used.

Air Pollution

Air pollution can be broken down into several 
categories. Pollution from open burning can result 
in gases such as sulphur oxides, nitrogen oxides 
and carbon monoxide. These gases are ruled out as 
there is no open burning taking place in fracturing 
of a liquid source. Radioactive pollutants, persistent 
free radicals, chlorofluorocarbons and toxic metals 
are also ruled out as the palm oil milling process 
does not involve any of these types of components. 
The gases that are relevant as a result of POME 
fractured into a mist and projected into the air are 
VOC and H2S. Whilst not a gas, particulates may 
also be a concern. The SS are tiny particulates and 

TABLE 7. BOILING POINTS Of SELECTED COMPOUNDS fOUND IN PALM OIL MILL EffLUENT

Compound Boiling point (˚C) 

Water 100
Potassium chloride 1 420
Magnesium chloride 1 412
Calcium carbonate Only decomposes. Melting point – 825
Arabinose Only decomposes. Melting point – 164/165
Xylose Only decomposes. Melting point – 144/145
Glucose Only decomposes. Melting point – 146 -150
Aspartic acid Only decomposes. Melting point – 324
Glutamic acid Only decomposes. Melting point – 199
Glycine Only decomposes. Melting point – 233
Lauric acid 298.8
Myristic acid 250.5 at 100 mmHg
Palmitic acid 351

                                              Source: Wikipedia  (2014).

TABLE 8.  SUMMARy Of AIR QUALITy RESULTED fROM ThE fRACTURING Of PALM OIL MILL EffLUENT

Volatile organic 
compounds (mg)

h2S 
(mg)

Total suspended 
particulate (µg m-3)

Evaporator off A-1 to A-4 
(average)

0.019 0.046 89

A-1 to A-4 (average) 0.012 0.005 116
B-1 to B-4 (average) 0.009 0.015 70
C-1 to C-4 (average) < 0.005 < 0.005 55
Testing method NIOSH 2549 NIOSH 6013 USEPA 40 Part 50, 

Appendix B

this may cause an issue if airborne. The Malaysian 
Ambient Air Quality Guidelines (MAAQG) sets a 
standard of 260 µg m-3 (24 hr) for TSP. 

Table 8 clearly demonstrates two observations; 
firstly that VOC and H2S do not increase as a result 
of fracturing of POME. This is because a chemical 
or thermal reaction does not take place in the 
process. Furthermore, that the organic compounds 
in POME are not highly volatile to cause VOC 
gases, as in comparison to paints, thinners and 
fuels that are highly volatile. Secondly that all gases 
reduced to virtually undetectable beyond 100 m 
from the pond. At all times, total SS was below that 
of MAAQG guidelines. 

cOnclusIOn

POME is a highly organic wastewater by-product 
that emerges from palm oil mills. Its organic loading 
is derived from a combination of components 
including SS, plant sugars, proteins, lipids, metallic 
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salts, and calcium hardness. The effective treatment 
of POME requires a multi-faceted approach in 
handling all these components. Evaporation is a 
wastewater management technology that remains 
independent of requiring to specifically target any 
individual organic pollutants such as SS, sugars, 
proteins and lipids. Evaporation only relies on 
the moisture content of the wastewater stream 
and climatic conditions to vaporise water into air. 
Evaporation of wastewater is being successfully 
utilised in many countries across a diverse range 
of industries and its effective use could result in 
complete control of preventing any wastewater 
from entering our sensitive ecosystems. 
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