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est Steel Berhad is redefining the 
future of palm oil milling processes 
by introducing latest technology in 

ABSTRACT 

sterilization known as the Tilting Sterilizer®, a 
patented design by Best Steel. Its operation and 
performance have been successfully proven with 
a fresh fruit bunch (FFB) filling capacity of 15 
to 30 t  per charge and a throughput of 10 to 21 
t hr-1.

The Tilting Sterilizer® eliminates the use of 
substantial amount of equipment in a conven-
tional palm oil mill, leading to a saving in the 
construction cost of a palm oil mill by 9% to 
16%. The design is simple and uses convention-
al technologies, thus, making it easy to operate 
and maintain it. With simple training the op-
erators and engineers can operate the system ef-
fectively with minimum downtime maximizing 
throughput. With fully automated features only 
two to three operators are required to operate the 
complete sterilization station.

Its compact design provides great flexibility 
in the planning of both new mills and retrofit-
ting old ones. It can be easily incorporated into 
the existing mill by replacing the  horizontal 
sterilizer. For retrofitting projects there is only 
minimal impact on the existing production op-
eration. 

The Tilting Sterilizer® offers many advan-
tages over other sterilizer systems. It carries out 
the sterilization process similar to that of the 
conventional sterilizer, but has the advantage 
in term of faster cycle time, lower oil loss, less 
steam consumption, lower heat losses and less 
production of waste water. Filling and unload-
ing at a tilted position minimizes damage to the 
FFB ensuring fast discharge. Even distribution 
of fruit bunches in the vessel and a well designed 
steam distribution and venting systems ensure 
efficient cooking is carried out at the shortest 
time. Pre-treatment of FFB is not necessary.

INTRODUCTION 

The high palm oil price has fueled the in-
vestment in more efficient palm oil process-
ing technology to reduce labour dependence 
through automation. The biggest challenges 
facing oil palm mills are the efficiency of oil 
and kernel extraction, product quality and 
environmental issues. 

The patented Tilting Sterilizer® is the 
latest technology that can offer many ad-
vantages in modern mill construction, im-
proved milling efficiency, reduce the invest-
ment, labour and maintenance costs of palm 
oil mills. 

The Tilting Sterilizer® offers a steriliza-
tion process very similar to that of the con-
ventional horizontal sterilizer but carry 
out in a much more efficient and economic 
manner. This is now a proven and accepted 
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technology.  It has installations in Malaysia, 
Indonesia and Thailand. 

TILTING STERILIZER®

The Tilting Sterilizer® uses pressurized 
steam for cooking ensuring that the sterili-
zation process is performed adequately in 
the shortest time. 

The working of the Tilting Sterilizer® is il-
lustrated in Figures 1 and 2. The sterilization 
process is carried out in the same way as the 
conventional sterilizer with the vessel in a 
horizontal position. Once the steaming proc-
ess and venting are completed, the sterilizer 
is tilted in an inclined position allowing the 
sterilized fruit bunches (SFB) be discharged 
out under gravity through the bottom out-
let into a collection hopper. While still in its 

inclined position, new fresh fruit bunches 
(FFB) are fed into it from the top inlet. When 
filling is completed the sterilizer is low-
ered to its horizontal position ready for the 
de-aeration and steaming processes. After 
steaming is completed the steam valve clos-
es, the exhaust and condensate valves open 
to depressurize the sterilizer. The doors then 
open, and the process is repeated. Tilting ac-
tion, door locking/opening and closing are 
carried out by hydraulics.

 
The steaming cycle starts only with the 

vessel  in the horizontal position, This elimi-
nates the possibility of sterilization taking 
place while in a vertical/tilted  position in 
which case the fruit bunches lying at the 
bottom segment are subject to compaction 
due to weight of the bunches lying above, 
and thus have less accessibility to the pres-
surized steam.  Such phenomena will give 
rise to uneven cooking of the fruit bunch-
es concerned. In the horizontal position, it 
also avoids the situation of the treated fruit 
bunches lying further down along the length 
getting congested at the outlet (if sterilized 
in a vertical/tilted position)  that results in a 
blockage, a situation generally referred to as 
bridging effect.

Filling of the FFB carried out at the tilted 
position allows bunches to roll down from 
the inlet to the bottom of the vessel, less-
ening impact damages that would occur 
if  bunches are loaded with the vessel in a 
vertical position. Damaging of  the fruit ker-
nels and delicate contents causes the release 
of certain enzymes which have the effect to 
deteriorate the oil quality of the fruits. Feed-
ing the sterilizer is via a hydraulic operated 
telescopic chute which extends into the in-
let opening ensuring minimum spillage. A 
hydraulic operated gate controls the flow 
of FFB into the sterilizer. A position sensor 
signals the operation of the gate and is in-
terlocked with the inlet door position. Steri-
lized FFB bunches are discharged into an 
auto feed hopper in a single tilt operation, 

Figure 1. Operation of Tilting Sterilizer®.

Figure 2. Tilting sterilization station arrangement.
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TABLE 1. TILTING STERILIZER® SPECIFICATIONS

Description Size 15 t Size 20 t Size 30 t
Holding capacity (t)  15 20 30
Throughput capacity (t hr-1) 12.00 16.00 21.00
Shell length (mm) 6 000 6 300 7 200
Diameter (mm) 2 800 2 900 3 200
Estimated holding FFB (t) 20 23 32
Vessel volume (m3) 40 46 64
Inlet/outlet door (mm) 1 200/1 500 1 500/1 500 1 500/1 500
Plate Thickness (mm) 12 12 12
Material standard (vessel) JIS SS 400 JIS SS 400 JIS SS 400
Design pressure (kg cm-2) 3.5 3.5 3.5
Design temperature (°C) 150 150 150
Insulation (50 mm the rockwool c/w 
0.7 mm Al cladding)

Yes Yes Yes

Vessel design approval to Malaysia 
regulation (DOSH)

Yes Yes Yes

Outlet door lining Optional Optional Optional 
Vessel body lining Optional Optional Optional
Discharge mechanism Tilting Tilting Tilting
Hydraulics for tilting and doors Yes Yes Yes
Cycle time (min cycle-1) 70 to 75 70 to 75 70 to 80
Feeding time (min) 10 to 15 10 to 15 10 to 15
Steaming time (min) 45 45 45
Discharge time (min) <5 <5 5
Oil loss in EFB (%) <2 <2 <2
Unstripped fruit bunch (%) <1 <1 <1
Oil loss in condensate (OLWB) (%) 0.69 0.69 0.69
Oil in condensate (%) <0.4 <0.4 <0.4
Steam consumption (t t-1 FFB) 0.2 0.2 0.2
DOBI >2.73 >2.73 >2.73

or if required by the operator, with multi-
ple discharge operation using manual op-
eration. The design comes in three standard 
sizes with holding capacities ranging from 
15 to 30 t of FFB. Specifications for the Tilt-
ing Sterilizers® are shown in Table 1.

DESIGN FEATURES

Construction

The vessel is designed to ASME pres-
sure vessel code and satisfies the statutory 
requirements of Malaysia (DOSH). For cor-
rosion and erosion protection, a liner plate 
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at the lower section of the shell and at the 
discharge end door is provided either in 
stainless or carbon steel, depending on the 
requirement of the customer. 

Steam supply and condensate removal 
is through a proven design, using reliable 
steam joint. The design ensures that the 
thermal expansion load is not transmitted to 
the seal, and allows unrestricted differential 
movement between the fixed steam main 
and the tilting action of the sterilizer. 

Three saddles ensure minimum stress 
at the supports. The mid saddle forms the 
fixed point with the two end saddles free to 
take the thermal movement during opera-
tion. 

Inlet and outlet door openings are orien-
tated in a position to ensure efficient filling 
and discharge of fruit bunches. The off-cen-
tre discharge opening and a bottom sloping 
plate ensure smooth discharge of the steri-
lized FFB. The sloping bottom liner which 
is also a part of the condensate drain cham-
ber wall is perforated with elongated slots 
which allow the flow of condensate to the 
drain nozzles located at the bottom of the 
shell. The tilted position during filling en-
sures minimum impact damage to bunches, 
and also allows filling to be done up to its 
maximum capacity. The design maximum 
tilting angle is 55° which is more than suffi-
cient to allow easy discharge of the sterilized 
FFB. Steam supply, condensate discharge,  
steam exhaust points are adequately pro-
vided, and with flow distributors to ensure 
efficient, fast and even cooking, and fast dis-
charge of condensate and exhaust steam to 
minimize cycle time.

Hydraulics

Each hydraulic system consists of one 
power pack for operation of the tilting, 
doors as well as FFB feeding chute func-
tions. To ensure operation reliability and 
safety, and low maintenance requirements, 

the following main features are provided:
• standard size heavy duty cylinders with 

bolted ends;
• self-aligned bearing at rod end;
• variable piston pump;
• counter-balancing valve;
• suction and return lines filters;
• stainless hydraulic tubing and steel 

braided flexible hose to cylinders;
• parts can be dismantled easily for main-

tenance;
• installation dimensions meet the re-

quirements of ISO 6022; and 
• hydraulic operation pressure < 180 bar.

Steam and Condensate Systems

Steaming is carried out with steam in-
jection from the top and sides with the ves-
sel in a horizontal position. Steam distribu-
tion spreader at all inlet nozzles to ensure 
even steam distribution, ease of air removal, 
avoid over-cooking of bunches immediately 
beneath the inlet nozzle, and causing un-
due erosion locally due to high speed steam 
flow. To ensure effective and efficient cook-
ing, a steam path of not more than 1.5 m is 
maintained. Deaeration is carried out in an 
efficient manner similar to that in conven-
tional sterilizer with the vessel in a horizon-
tal position, and steam directed from the top 
of the vessel. During this moment of first 
steam, the other steam inlets on the sides 
are closed and the condensate and by-pass 
valve opened. Provision is made in the con-
trol system for the operator to make the nec-
essary adjustments to optimize the de-aera-
tion time. A relatively complete air removal 
will not only give a higher temperature but 
also improve the thermal conductivity since 
air is a very poor conductor of heat. 

After de-aeration, the condensate dis-
charge valve is closed but a by-pass valve 
is kept open. Steam then also starts to admit 
from the sides to quickly build up pressure 
in the sterilizer. The condensate together 
with a small quantity of steam mixed with 
air continues to escape through the by-pass 
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TABLE 2. STERILIZATION PROCESS CYCLE TIME 
(30 t capacity Tilting Sterilizer® with steam pressure 40 psig)

Sterilization  process 
(two peaks cycles)

Time 
(min)

Sterilization process 
(three peaks cycles)

Time 
(min)

Deareation 1 Deareation 1
1st peak 5.5 1st peak 5.5
2nd peak 5 2nd peak 5.5
Holding 34 3rd peak 5
Exhaust/purging/drain 5 Holding 30
Door open interlock delay 2 Exhaust/purging/drain 5
Total steaming time 52.5 Door open interlock delay 2
FFB filling 15 Total steaming time 54
Discharge SFB 5 FFB filling 15
Total cycle time 72.5 Discharge SFB 5

Total cycle time 74

valve. During cooking at maximum pressure 
more air is liberated from the fruit bunches, 
thus keeping the by-pass valve open is nec-
essary to ensure efficient removal of air and 
condensate. Condensate is discharged at the 
bottom of the sterilizer through a number of 
drain nozzles. A condensate channel with a 
perforated cover is provided along the full 
length of the vessel allowing efficient con-
densate flow but prevent blockage by the 
fruits. 

Operation and Control

Each set of sterilizer is fitted with a highly 
reliable, easy to operate and maintain PLC 
control system. The control system together 
with limit switches and transmittals con-
trol the operation of the steam/condensate, 
hydraulic, FFB feeding, tilting and doors 
systems. The modes of operation consist of 
auto, semi-auto, manual, remote and local. 
The system is capable of performing:

• single or multi-peaks sterilizing;
• allows operator to key in different time/

pressure settings for operation;
• selection of individual or sequential or 

all sterilizers to operate together;
• touch screen  Human Machine Inter-

face; and 

• monitor current status, and view opera-
tion trends.

Tilting Sterilizer® offers the fastest 
and safest way in sterilization of FFB. The 
steaming time is from 40 min to 55 min. 
The feeding time is greatly dependent on 
the FFB conveyor capacity, and would take 
between 10 min  to 20 min.  The discharge 
is designed to unload the entire fill in less 
than 10 min into a SFB hopper. A few factors 
affect the cycle time of the sterilization proc-
ess such as steam temperature, steam pres-
sure, air present, FFB bunch size, ripeness, 
steam supply capacity, FFB filling and SFB 
discharge. Operation flexibilities are pro-
grammed into the system controller which 
allows the cooking time to be adjusted to 
suit the operation philosophy of each mill. 

A significant advantage of using Tilting 
Sterilizer® is that it renders the batch sterili-
zation process into a semi or full automatic 
continuous operation process from start to 
finish, making it cost-effective to automate 
the complete FFB handling and sterilization 
systems with a significant reduction in la-
bour requirement. Typical operation param-
eters of the sterilization cycle process using 
tilting sterilizer of 30 t FB capacity are sum-
marized in Table 2. 
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There is further potential in improving 
the cycle time through optimizing the fill-
ing, discharge, steaming and venting opera-
tions. 

IMPLEMENTATION OF TILTING 
STERILIZER® PROJECTS

General Arrangement

The lesser space requirement of a Tilting 
Sterilizer® allows flexibilities in the plant 
arrangement in both new plant design and 
upgrading of existing mills with add-on 
sterilizers. There will be minimum impacts 
on the existing mill operation as the retro-
fit/upgrading work can be carried out con-
currently. Figures 3 and 4, show the different 
in the space requirement of two designs, a 
space saving of 70% of the sterilization sta-

tion area is achievable using the Tilting Ster-
ilizer® concept. Figure 5 shows the concept 
of a much simpler modern mill as compared 
to a conventional plant.

THE ADVANTAGES OF 
TILTING STERILIZER®

Sterilization in palm oil milling is the most 
important unit process because of its crucial 
influence on oil palm fruits which will affect 
the efficiency and effectiveness of down-
stream milling process and even to the refin-
ing process in producing high grade palm 
oil. Improper processing would lead to high 
free fatty acids content resulting in increase 
cost of refining. 

The patented Tilting Sterilizer® ensures 
high oil quality and offers many advan-
tages over other systems currently in use in 
the industry for the sterilization of palm oil 
fruits. These are:

Lower Construction Cost 

Can provide saving up to 16% of the to-
tal construction cost due to lesser machinery 
and space requirements. There is no need 
for FFB cages, rail tracks, transfer carriag-
es, capstans, bollards, winches, overhead-
cranes, hoists, cage indexer system, canti-
lever bridges, tipper, pushers and tractors.

High Throughput

Short steaming time (45 min - 55 min) 
and fast discharge of SFB in a single pour. 

High Reliability and Availability

Full automation, reduced down-time 
due to lesser machinery and human factors. 
With Tilting Sterilizer® technology, there is 
no oil drips. The Tilting Sterilizer® system 
is tidy, safe, simple and easy to use guaran-
teeing a cleaner and safer working environ-
ment where operators will like to work in. 

Figure 3. Mill arrangement using Tilting 
sterilizers®.

Figure 4. Mill arrangement using Horizontal 
Sterilizers®.
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Figure 5. Comparing modern mill with conventional mill.            

Low Oil Loss

The oil loss is relatively low compared to 
the conventional type. Condensates are col-
lected for oil recovery, no oil drips from fruit 
cages, and oil loss in EFB is less than 0.2%.

Uniform Sterilization of Fruits Quality Oil 
Products

Sterilization is carried out with the vessel 
in a horizontal position allowing the fruit 
bunches to be more evenly spread out thus, 
ensuring even steam penetration for effi-
cient and even cooking with minimum or 
no uncooked fruits.

Lower Power Consumption and Waste Wa-
ter Discharge

Tilting Sterilizer® system uses less steam 
and produces lesser wastewater and oil 
losses, thus, is more energy efficient and 
causing less severe impact on the environ-
ment. 

Easy and Safe to Operate

With much lesser machinery, it is much 
easier to operate than conventional hori-
zontal sterilizer. Automatic operation with 
safety interlocks, and cleaner working envi-
ronment. 

Lower Operation and Maintenance Costs

Fully automated operation starting at the 
loading ramp, needs only two  to three  op-
erators to operate a multiple sterilizers sta-
tion. Hydraulic systems are of proven de-
sign and from reputable original equipment 
manufacturer (OEM). There is less machin-
ery to maintain. 

Smooth Handling of Fresh Fruit Bunch 
and Minimum Damage to Fruit Bunches

The tilting design allows smooth filling/
loading and unloading of the fruit bunches 
by having the sterilizer placed at a slanting 
position allowing them to slide in and out 
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TABLE 3. PERFORMANCE OF TILTING AND HORIZONTAL STERILIZERS

Description Tilting Sterilizer® Horizontal Sterilizer® 

No. of peak 3 3

Sterilization time (min) <55 90 – 110

Cycle time <80 min 100 to 120 min

Oil loss in EFB <2% <3.44%

Condensate oil loss OLWB % 0.69% <0.80%

Oil in condensate <4% <4%

Condensate oil loss (oil to 
NOS) %

10.46% <9.76%

Oil loss recovery Low, and oil in condensate is 
recovered separately 

Low, oil drips onto floor 

Throughput 20 t hr-1 (80 min) 11 t hr-1 (110 min)

Unstripped bunch <1% <2%

Operation flexibility 1 to 3 peaks 2 to 3 peaks

Steam consumption 0.2 t t-1 0.30 – 0.45 t t-1  FFB

Heat loss Minimal High (large vessel)

Number of equipment Less More

Number of operator 2 to 3 4 to 5

Cost of investment (new plant) 9%-16% lower than conventional 
mills

High

Maintenance requirement Only scheduled maintenance of 
hydraulics

Many plant items to be 
maintained

Cost of operation Low High

General operation and working 
environment

Simple to operate, sager and 
cleaner environment 

Complex and many human 
dependent factors, oily 
working floor

Delays and downtime Minimal Transferring of cages

Waste water and recovery Minimum condensate More steam condensate

Upgrading plant Small space required provides 
many flexibilities in arrangement 

Difficult to retrofit, need 
more space

Automation Fully automation from filling of 
FFB to unloading of SFB

Difficult to complete 
automation

Feature Article

via special designed openings. No need to 
fill water prior to FFB feeding. Less dam-
aged fruit equates to lower oil loss and bet-
ter oil quality.

Lesser Space Required

A saving of 70% in the sterilization station 
area is achievable with the use of Tilting 
Sterilizer®.

PERFORMANCE OF DIFFERENT TYPE 
OF STERILIZERS

A comparison of the performance between 
the tilting, vertical and horizontal sterilizers 
are given in Tables 3 and 4.

TILTING STERILIZER® PROJECTS

A 15 t hr-1 FFB Tilting Sterilizer® was initially 
installed in Tee Teh Palm Oil Mill at Keratong 
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TABLE 4. PERFORMANCE OF TILTING AND VERTICAL STERILIZERS

Description Tilting sterilizer Vertical sterilizer 

Cycle time < 80 min Longer. SFB discharge by auger, need to operate 
cushioning water system (if used)

Unstripped bunch < 1% < 3%*

Oil loss in EFB < 2% < 6%*

Oil in condensate < 0.4% Higher, due to higher compaction pressure on 
fruits laying at the bottom

Maintenance 
requirement 

Only scheduled 
maintenance of the 
hydraulics 

Added maintenance of auger, and water system 
(if used)

Cost of operation Low Fair (some use water for cushioning)

General operation and 
working environment 

Simple to operate Added tasks like water filling system and auger 
discharge

Note: *Based on technical specification issued by FELDA for Air Tawar POM, Kota Tinggi (Ref: Tender 
No. FPI-137/2009 [FH-376/09]).

TABLE 5. TILTING STERILIZER® PROJECT LIST

Location Client Unit x FFB 
capacity 

Status Remarks

Pahang, Malaysia Tee Teh Palm 
oil Mill

3 x 30 t Operation since 
September 2009

Replacement of 
horizontal sterilizers

Pelambang, 
Indonesia

PPT Pinago 
Utama

2 x 20 t Operation since 
July 2009

Add-on to existing  
horizontal sterilizers

Sabah, Malaysia Berkat Sertia 
Sdn Bhd

2 x 30 t Installation Phase 1 replacement of 
horizontal sterilizers 

Sabah, Malaysia Berkat Sertia 
Sdn Bhd

2 x 30 t Construction Phase 2 replacement of 
horizontal sterilizers

Chumporn, 
Thailand

CPI 4 x 30 t Operation since 
March 2010

Replacement of 
horizontal sterilizers

Perak, Malaysia FELCRA 3 x 20 t Construction Change from using 
vertical sterilizers

Chumporn, 
Thailand 

Chumporn SP 
Palm Oil Ltd

4 x 30 t Engineering New mill 
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in 2007. It performed better than envisaged 
and subsequently the owner placed an 
order for 3 x 30 t units. In PT Pinago mill, 
2 x 20 t units are installed as add-on to the 
existing horizontal sterilizers. They have 

been in operation since July 2009. Other 
units ordered and are at various stages of 
construction are shown in Table 5. Among 
the big clients are FELCRA and Chomporn 
Palm Oil Industry Ltd of Thailand. 
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CONCLUSION

The Tilting Sterilizer® is a proven technol-
ogy for the way forward in more efficient, 
lower investment cost and environmental-
friendly palm oil milling process. 

The brilliant design of the Tilting Steriliz-
er® eliminates the use of substantial amount 
of equipment in a conventional palm oil 
mill, leading to an overall lowering in the 
construction cost of palm oil mill by 9% to 
16%. The design is simple making it easy 
and cost less to operate and maintain. With 
fully automated features only two to three  
operators would be required to operate the 
complete sterilization station.

Its compact design provides great flex-
ibilities in the arrangement design of both 
new mills and retrofitting. It can be easily 

incorporated into the existing mill arrange-
ment for horizontal sterilizer replacement 
and/or capacity expansion projects. For ret-
rofitting projects, the on-going construction 
work would have minimal impact on the 
existing production operation of the mill. 

Tilting Sterilizer® offers many advan-
tages over other sterilizer systems. It has the 
advantage in term of faster cycle time, lower 
oil loss, oil loss in condensate is recoverable, 
consuming lesser steam, lower heat losses 
and producing lesser waste water. Filling 
and unloading at a tilted position minimiz-
es impact damage to the FFB thus, ensure 
fast discharge. It allows even distribution 
of fruit bunches in the vessel. The well de-
signed steam distribution and venting sys-
tems ensure efficiency cooking is carried out 
at the shortest time. Pre-treatment of FFB is 
not necessary.




