
Case Study on Power/Steam /Fuel Balance and Steam 
Management in Palm Oil Mills  

 
Abstract 

 
For steady state operation in palm oil mills, there must balance between the power, steam and 
fuel consumptions of a palm oil mill. There must be enough power from turbine to run all the 
plant and machinery, sufficient steam to power the steam turbine and enough back pressure 
steam for the milling processes. All this is underscored by sufficient fuel (fibre, shell and other 
biomass) to fire the boiler which supplies steam to the turbine.  
 
This Case Study is a classic example of what happens when the power, steam and fuel are not 
balance. The boiler was operating at 34 barg (although the designed operating pressure was 37 
barg). The lower operating pressure had reduced the potential energy of the steam supplied to 
the turbine. Mill operation required 1,725 kW whereas the turbine could only manage about 
1,500 kW because of the lower pressure of the steam supplied from the boiler.  
 
Poor steam management also meant fluctuating steam pressure in the Back Pressure Receiver 
(BPR) which causes the steam consumption of the turbine to fluctuate as the pressure in the BPR 
changes from 25 to 40 psig during the sterilization process. The fluctuating steam consumption 
of the turbine also induces unsteady boiler operation as the auto draught and water level 
control system of the boiler react to the fluctuating steam flow rates.  
 
Fluctuating BPR pressure also affects the sterilization capacity and subsequently the fuel supply 
to the boiler. Poor sterilization (not maintaining pressure at 40 psig during the holding phase) 
will affect stripping, digestions and the other subsequent processes e.g., steam supply for Kernel 
Silos heaters or closed/open coil sparge pipes. Usually, 0.40-0.50 tons of steam is required for 
every ton of FFB processed. The steam and power balance will be upset when steam is drawn 
from the BPR or direct from the boiler for other downstream processes.  
 
The moisture content of the biomass to be used as fuel in the boiler should be as low as possible 
with a maximum of 45% VM. Empty Bunch Fibre, when used as fuel, should be shredded to the 
size and consistency of mesocarp fibre good combustion in the boiler furnace. There should be 
sufficient biomass estimated at 300 kg (80% mesocarp and 20% shell mixture) per ton steam to 
maintain steam flow from the boiler. 
 
The power, steam and fuel equilibrium will be upset when Diesel Generating Sets or TNB supply 
to augment the power requirement of the mill. Besides the costs, the power from the diesel 
gensets and TNB do not contribute to additional steam supply for mill operation and hence limit 
the throughput of the mill. 
 
 



 
Page: 2/15   Power Steam and Fuel Balance in POM A Case Study.doc 

Case Study of XYZ Palm Oil Mill Operation 
Date: 13th November 2017 

 

1. Introduction and Objective 
 
This case study is based on a site visit to XYZ Palm Oil Mill in November 2017. The mill has 
reportedly been plagued with insufficient power and steam supply for smooth operation and 
sterilization. The mill audit was commissioned by the owner with the specific objective of 
looking into the fuel, steam and power balance of the mill.    
 

2. Current Situation 
 
In the morning of our visit, the mill was in operation using the 40 tons per hour Boiler coupled 
to the 2000 kW turbine running 5 units x 15 tons FFB per hour Screw Presses and 3 units Empty 
Bunch Shredders and 2 units EB Presses. The turbine was taking 1,500 kW and the Sterilization 
and Depricarper Stations were drawing 85 kW (150 amps) and 140 kW (250 amps) respectively 
from the TNB supply. Thus, the total load required to run the aforementioned configuration 
was 1,725 kW. Both the Long Fibre Plant and the Solvent Plant were not in operation. The mill 
has been operating with this configuration for about one month since the shutdown of the 50 
tons per hour boiler. Under the current operating configuration there was plenty of excess fibre 
and shell. 
 
The 50 tons per hour boiler was under repair. Work was in progress to replace 6 plugged 
superheater tubes and other repairs.  

2.1     Boiler Condition and Operation 
 
The 40 tons per hour boiler was set to operate at 32 barg although the designed operating 
pressure was 37 barg. The steam flow rate cannot be ascertained as the Steam Flowmeter was 
faulty. Most of the additional control systems were also faulty and not in operation. 
Fuel feeding system was not fully automated. The operators control the speed of the augur 
conveyers based on the pressure indicator on the Yokogawa Controller. The control features of 
the Yokogawa Controller have not been fully utilized to control the fuel feeding system. 
    

2.2     Sterilization and Steam Demand 
 
According to the mill, the average sterilizing cycle was about 80 minutes. From the sterilizer 
charts, we noticed the sterilization process was not good. Steam pressure in the sterilizer drops 
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quite significantly (from 40 psig to 25 psig) during the holding period. The lower pressure will 
reduce the temperature in the sterilizer and negatively affect the sterilization process. 
 

        
Photo1: Good Steriliser Cycles                                   Photo2: Current Cycles at XYZ POM 
 
The current standard operating procedure (SOP) to fully open the Inlet Valve of the Sterilizer 
during the start of the sterilization process causes a rapid drop of pressure in the Back Pressure 
Receiver (BPR). This causes unsteady operation of the mill and lowers the quantity of steam 
available for sterilization. Boiler steaming rate will fluctuate because the constantly changing 
steam demand from the turbines. 
 

       
Photo3: Constant BPR Pressure                      Photo4: Fluctuating pressure in BPR at XYZ POM  
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2.3     Mill Power requirement and configuration 
 
According to the mill, running the mill (5 Screw Presses) and all the other plants (Empty Bunch 
Station, Solvent Plant and Long Fibre Plant) would require about 42-45 tons of steam per hour 
and a total electrical load of 1,950 kW during the day or 2,050 kW at night. The Solvent Plant 
draws about 6 tons of steam at 10 barg directly from the Boilers. Mill do not have data for the 
steam requirement of the Long Fibre Plant which also draws steam directly from the Boilers. 
 
We have no way to verify the data as the plants were not in operation. Mill should check on the 
steam requirement of each plant and also the electrical load required to run the plants.  

3. Action Taken 
 
Based on the above observations, we took the following action to resolve the issues discussed 
above: 
 

a. Increase the Boiler Operating Pressure.  
b. Run the Boiler on mesocarp fiber and shell. 
c. Changing the Sterilization SOP 

3.1     Reset Boiler Operating Pressure 
 
We raise the working pressure of the boiler. Both boilers at the mill were rated at 37 barg 
design pressure. We raised the working pressure to 36 barg from 32 barg and tested both 
Safety Valves. The allowable pressure setting of the Safety Valves can be raised up to 38.5 barg. 
Higher steam pressure will deliver more power to the steam turbine.  
 

3.2     Testing and Loading Boiler with Mesocarp Fibre and Shell 
 
To confirm that the boiler can carry the load with the mesocarp fibre and shell at less than 45% 
moisture as specified by the boiler supplier, we removed empty bunch fibre from the fuel 
conveyor system. After the operation of the boiler had stabilized, we switch the load from TNB 
for the Sterilizer and Depricarper Stations to the turbine. The total load on the turbine 
increased from 1,500 kW to about 1,750 kW. The mill was in operation for more than four 
hours without TNB supply and using mesocarp fibre and palm shell as fuel. We estimate the 
steam flow from the boiler to be about 35-36 tons per hour. 
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3.3     Changing Sterilization Procedure 
 
After we had raised the working pressure of the boiler from 32 barg to 36 barg and shifted the 
load from TNB for the Sterilization and Depricarper Stations, we proceeded to show the 
operators to how to maintain a constant pressure in the BPR during the sterilization process. 
 

  
Photo11: The sterilization cycle with constant back pressure in the BPR. 
 

 
Photo12: Pressure recorder chart at the BPR showing the constant pressure during the sterilization process 
following the new method of sterilization. 
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The new method of sterilization had to be carried out manually as the Inlet Valve of the 
Sterilizers were not equipped with positioner actuators. The positioner actuators are necessary 
to regular the pressure in the BPR during the sterilization process.  
  

4. Benefits from Action Taken 
 
After the changes we made to the operation condition of the boiler and the new sterilization 
procedure, the mill was able to run smoothly. Some of the benefits from the changes include:  

4.1     Savings from TNB Supply to Sterilizer and Depricarper Stattion 
 
We managed to stop using TNB power for the Sterilization and Depricarper Stations. This 
amounts to about 225 kW savings from the TNB supply. This translates into a saving of RM 
2,160 per day at 40 sens per kWhr.  

4.2     Steady Boiler and Turbine Operation 
 
There are other operational benefits to maintaining a constant pressure in the BPR. This 
includes steady steam demand from the turbine. The steam consumption of the turbine 
depends on the electrical load and the back pressure. The higher the back pressure, the higher 
will be the steam consumption. As such maintaining a constant and high back pressure will 
ensure maximum availability of steam to the sterilizers.  
 
With the steady steam demand from the turbine, the boiler will be operating in a steady state. 
Fuel consumption, water levels in the drum, draft conditions and firing rate will be constant. All 
these conditions will result in fuel savings, less incidences of black smoke from the boiler 
chimney and minimizes the chances of wet steam and carryover of water in the steam.  

4.3     Maximum Steam Supply to all Process Station 
 
Besides the sterilizers, other processes in the mill will also get sufficient steam for optimal 
process condition. This includes steam supply to Kernel Silo heaters and heating coils in the 
Vertical Clarifier, Crude Oil Tank, Sludge Tanks, etc. 

5. Recommendations 
 
We have shown during our visit that the 40 tons per hour coupled with the 2,000 kW are 
capable of generating sufficient steam and power to run the mill with 5 Screw Presses and the 
Empty Bunch Shredders and Presses. There was sufficient fuel (mesocarp fibre and shell) to 
sustain this operating level. Based on this, we recommend the following actions to make this 
process conditions sustainable and to improve the throughput and operational efficiency of the 
mill: 
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5.1      Boiler Operation  
 
The boiler is the heart of a palm oil mill. Hence, the management of the mill should ensure the 
boilers, water treatment and fuel conveying system be in top condition at all times to deliver 
the necessary steam and power to run all the processes in the mill. We outline below some 
weaknesses we observed in the current situation.   

5.1.1     Operating Pressure & Instruments 
 
Mill to give immediate attention and action to the following: 
 

a. Set operating pressure up to 37 barg 
 

Reset the working pressure for both boilers to 36 barg. We have demonstrated that 
operating the boiler at higher pressure but within its design working pressure will give 
more power to the turbine and more stable boiler operation. 

 
b. Repair or replace faulty Flowmeter and Pressure Recorder 
 

Repair or replace the faulty flowmeter as soon as possible. This instrument is useful for 
the mill manager to keep track of process conditions and made aware of any deviation. 

 
c. Repair or replace faulty monitoring equipment 
 

We noticed some remote monitoring equipment for the boilers that are not in use or 
faulty. The mill manager should evaluate the need for such equipment and if necessary 
to get the equipment in good working condition. 

 
d. Prevention of Water Carry-Over into Superheaters and Turbines 
 

Mill Manager to take action to prevent water carry over in the steam as this has been 
mentioned by boiler supplier to be the probable cause of the failure of the superheater 
tubes. Besides replacing the steam separators in the boiler drum, mill to consider 
improving the drainage in the main steam piping from boilers to the steam turbines.   

 
 

5.1.2     Fuel Conveying and Control System 
 
One of the boiler feed augur conveyors jammed once during our visit. This was traced to some 
fibres stuck to the external sprocket and chain of the drive unit. Good housekeeping would 
have prevented this unnecessary delay. Other issues include: 
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a. Augur Feed Conveyor Speed Control 
 

The boiler feed augur conveyors regulate the flow of fuel into the boiler. Normally the 
speed of the augur would be regulated by input from the Yokogawa Controller. 
Currently the augur conveyor speed is manually controlled by the boiler operator. Mill 
to link the Yokogawa Controller to the Auger Speed Controller to automatically regulate 
the speed based in the boiler pressure. 

 
b. Remote control and Operation of Moving Floor 
 

A report start/stop button and status indicator lights should be installed in the Boiler 
Control panel so that boiler operators can monitor and control the Moving Floor from 
the Boiler Control Panel. 

 
Ideally, the Moving Floor should be in operation at all times during boiler operation. This 
will ensure sufficient fuel at the boiler at all times especially whenever there are process 
interruptions in the mill. The speed of the Moving Floor can be adjusted to regulate the 
amount of fuel into the boilers. Better still the Moving Floor can be linked to the 
Yokogawa Controller to automatically control the speed according to the pressure in the 
steam drum.     

 
c. Modifications to prevent chokage at the Augur Conveyors 
 

According to the operators, the Boiler Feed Augur Conveyors chokes up quite 
frequently. This could be due to overfeeding as the operator reduces the speed of the 
augur when steam pressure is high. This will cause fibre to accumulate in the chutes 
leading to the augurs. Compaction of the fibre in the chutes will cause bridging and 
prevent the fibre from falling into the augurs.  

 
Mill to study the causes of the chokage and modify the augur accordingly to prevent 
such incidences. Possible modifications include raising the position of the augurs 
(minimize the height of the inlet chutes) and or installing pneumatic positioners to 
partially open/shut the supply of fibre into the chutes.  

 
d. Prevent Unauthorized Access to all Instrument Settings 
 

All instrument settings should be locked to prevent unauthorized access and changes to 
settings. 
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5.1.3     Fuel Condition 

 
As we have demonstrated, the moisture content of the fuel mixture (mesocarp fibre, shell and 
empty bunch fibre) for the boilers should not exceed 45%. At high fuel moisture content, the 
efficiency of the boilers will drop due to poor combustion and accumulation of unburnt fuel in 
the furnace grate. 
 
The length of the empty bunch fibres should be short and in loose form. Poorly shredded empty 
bunches will form clumps with high moisture content. This will also affect the combustion of 
the fibre in the boiler and reduce the steam generating capacity of the boilers. 
 
Finally, even if the empty bunches are well shredded, the moisture content may exceed 45% if 
the Empty Bunch Presses are not well designed or maintained to effectively dewater the 
shredded empty bunches.  
 
The empty bunch fibre should not be used a fuel for the boiler when its moisture exceeds 45% 
or when the empty bunch fibre is in clumps form due to poor shredding. 
  

5.2    Preparation for Constant Back Pressure Sterilization SOP  
 
As we have demonstrated, it is possible for the mill to adopt the Constant Back Pressure 
Sterilization (CBPS) method. The procedure and advantages of the method are outline in 
Section 6. Before fully automating the procedure, we recommend that the mill do it manually. 
Some preparation for manual operation of the CBPS include: 

a. Install or replace Pressure Gauges 
 
Mill to install or replace Pressure Gauges on the main steam header at the Sterilizer 
Station and the BPR. The Pressure Gauges should be of the correct range with the 
indicator needle at 12 o’clock at the normal or desired working pressure. The allowable 
range should be marked in red. The size of the Pressure Gauge dial should be large 
enough to be clearly visible from the operating level. Finally, the Pressure Gauges should 
be located so that they can clearly visible from the floor level or operating platform.   

b. Repair or Replace Pressure Recorders at the Sterilizers and BPR 
 
To repair or replace faulty Pressure Recorders at the Sterilizers and BPR. The Pressure 
Recorders should be installed at location where they are clearly visible to the operators. 

 
c. Stop Make-Up Steam to the BPR 

 
There is no need for make-up steam when using the CBPS method.  
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d. Train Supervisor and Operator 
 

The Shift Supervisor and Operators should be thoroughly trained to adopt the CBPS 
method. This will ensure they are capable of manual operation whenever the automatic 
sterilizer system is on outage. 

  
 
Wee YL 
Date: 15th November 2017 
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6. Notes on Steam Management and Sterilization 
 

6.1   Sterilization Capacity of the Mill 
 
The chart below shows the capacity of the Sterilization Station at the mill. This is based on 3 
Sterilizers x 4 cages x 16 tons FFB per cage Sterilizers.  Cycle time is defined as door shut of 
present cycle to door shut of next cycle.  For a given installation, the sterilization capacity 
depends on the cycle time. A shorter cycle means higher sterilization capacity. Cycle time 
depends on flow rate of steam, the time for moving, tipping, filling and charging the cages and 
the size of storage buffer to temporarily store sterilized fruit before feeding into threshers. 
The Sterilization capacity is represented by: 
   
 

 

6.2   The optimal Sterilization Process 
 

The illustration below shows a good sterilization cycle. The red lines (A-B-C-D) indicate the 
desired pattern for the de-aeration stage of the process. The pressure during the holding phase 
from points D to E should be constant. The holding phase should be at least 30 minutes. The 
existing time-based Sterilizer Automation System at the mill cannot achieve this pattern.  

 



 
Page: 12/15   Power Steam and Fuel Balance in POM A Case Study.doc 

       

 

6.3     Recommendations for Effective Sterilization & Good Steam 
Management 
 

Sterilization is the first and most important process in a palm oil mill. Get it wrong you will mess 
up all the other processes that follow. Poor sterilization will lead to higher un-stripped bunches 
at the Thresher Station, poor digestion and higher losses at the Digestion and Pressing Station, 
lower recovery of kernel at the Kernel Recovery Station. 
 
Not only will improper sterilization cause lower extraction efficiency of oil and kernel, the 
process will also affect the steam and power plant of the mill. The high steam demand during 
the start of a sterilization process if not managed properly will cause unsteady conditions in the 
boiler.    
 
To improve the sterilization process and minimize the effects of high steam demand during 
sterilization, we recommend the mill adopt the Constant Back Pressure Sterilization (CBPS) 
method. 
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6.3.1   Description of Constant Back Pressure Sterilization (CBPS) 
 

In the CBPS method of sterilization, the high demand for steam is managed by controlling the 
Inlet Valve of the Sterilizers to maintain the pressure in the BPR to within 42-45 psig. This is in 
contrast to fully opening the Inlet Valve to the Sterilizers at the start of the sterilization process. 
This can be done manually or by installing a positioner actuator at the Inlet Valve. All valves for 
by-pass or make-up steam from boiler to the BPR should be close. The steps to CBPS are as 
follows:     
 

1. Charge in the FFB Cages and Close Sterilizer Door. 
2. Open all Condensate Valves and By-Pass valve 
3. For the 1st peak - Throttle (Open/Close) the Inlet Valve depending on the pressure in 

BPR.  After 5 minutes, close the Condensate Valve but leave By-Pass open. Keep 
throttling Inlet Valve until the pressure in the Sterilizer reaches 30 psig.  

4. When pressure in Sterilizer reaches, close Inlet Valve and blow down to less than 5 psig.  
This finishes the 1st peak. 

5. To start the next phase, keep throttle (Open/Close) the Inlet Valve depending on the 
pressure in BPR (always maintain the pressure in the BPR within 42-45 psig) until the 
pressure in the Sterilizer and BPR begin to equalize. By the time the pressure in Sterilizer 
and BPR is the same, the Inlet Valve would be in full Open position. 

6. Leave the Inlet Valve left fully open until the end of the sterilization cycle. This to ensure 
the pressure during the Holding Stage remains constant between 42-45 psig. 

7. After 30/45 minutes at the Holding Stage, closed the Inlet Valve and open Condensate 
and Exhaust Valves to blow down steam and discharge sterilized FFB from the Sterilizer. 

8. Repeat the process for other the Sterilizers.          
 

6.3.2   Benefits of CBPS 
 

The CBPS method besides being a better alternative method for FFB sterilization is also a good 
steam management system. It prevents a sudden surge of steam during the pressure built-up 
phases of the sterilization process. The benefits of CBPS method include: 
 

1. No use of by-pass or make-up steam from the boiler. 
2. Safer operation - no need to reduce steam from 450 psig to 45 psig. 
3. Steadier boiler operation and better combustion (less black smoke). 
4. Less hunting and steadier operation of the Steam Turbine. Steam consumption of the 

Turbine at a given load remains steady with constant back pressure. 
5. By throttling the Inlet Valve during the de-aeration phase of the sterilization process, 

there is less turbulence and effective displacement of air by steam in the sterilizer.   
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6.3.3   How to implement CBPS at XYZ Palm Oil Mill 
 

Adopting the CBPS method is easy and inexpensive. Most of the hardware and software in the 
current system can be used. The following addition and modifications are necessary: 
 

1. Install a pressure sensor and transmitter at the BPR.  
2. To monitor of the pressure in the BPR, we recommend installing a Pressure Recorder. 
3. Replace the ON/OFF Actuators on the Inlet Valves of all Sterilizers with Positioner 

Actuators. 
4. Re-program the existing software as follows (please refer to chart): 

             

 
 

a. Point A to B should be pressure based. Throttle Inlet Valve based on pressure in the 
BPR keeping the pressure between 42-45 psig. Every time the pressure exceeds 45 
psig, open the Inlet Valve bigger until pressure inside Sterilizer reaches 30 psig. Then 
shut Inlet Valve. 
 

b. Points B to C is time based. Time to blow off steam from the Sterilizer. 
c. Points C to D is pressure based. Repeat step in (a) above until pressure in Sterilizer 

reaches 45 psig. Leave Inlet Valve open from Points D to E.   
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d. Point D to E is time based. Make the time span selectable by mill to suit FFB quality. 

Within this range, the Condensate Valve shall be programmed to discharge 
condensate in short burst at regular intervals to keep the steam temperature in the 
sterilizer high as possible. 

       
e. At Point E which is the end of the cycle, shut Inlet Valve, open Condensate Valve and 

blow off steam from the Exhaust Valve. 
 

f. We also recommend that a Pressure Recorder be installed at the Control Panel of 
each Sterilizer to monitor the Sterilization Cycle. In the existing system, the chart is 
only available in the Control Room and not easily accessible to operators. 
 

 
 


