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ABSTRACT

This study will demonstrate the understanding of the chosen topic, which is
Online Monitoring Of Water Recycling From Palm Oil Mill Effluent (POME).
The discharge of poor quality effluents by the palm oil mill is posing a serious threat
to water resources. As there is very few continuous monitoring system of palm oil
effluent that available so there is need to extend this to other palm oil mill. The
objective of the project is to develop an online monitoring of water recycling and

treatment from palm oil mill effluent.

Through this study, there will be a development of online monitoring
(Graphical User Interface (GUI)) using LabVIEW and Data Acquisition (DAQ)
card. The parameters will be set through the software to be comparison with actual
data about the quality of the water. Lab testing will be done with a model of the
system for the designed system to ensure this online system will work accordingly
due to desire objective.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Malaysia currently is a well known country for production of palm oil in the
world. Malaysia has a lot of palm oil plantation all around the country. Malaysia
also owned palm oil mills that produce palm oil with extraction of crude palm oil
from the fruit bunches. Palm oil productions from Malaysia are also well known for

good quality and clean with high demand in the market.

Besides, the process of extraction and purification leads to some kinds of
waste that generally known as palm oil mill effluent (POME). This POME basically
produces wastes such as water, solids and dissolved impurities that are really
harmful to the environment. Most of the wastes come out as water that really
hazardous to the environment [5]. The treatment of the waste water is very
important before being discharged to the environment via water resources. There is
need for continuous online monitoring of recycling and treatment of the water for
POME.

1.2 Problem Statement

The discharge of poor quality effluents by the palm oil mill is posing a serious
threat to water resources. In order to eliminate this threat, there is some treatment for
this. The process is quite hard to be monitored manually. There is a need of online

monitoring of this process.



1.3 Objectives and Scope of Study

1.3.1 Obijectives

The objectives of the project are:

i.  To develop the online monitoring system in the industry that will be
installed at the palm oil mill to monitor the water treatment process
from the palm oil mill effluents.

ii. To ease the process of monitoring water treatment at the palm oil

mill.

1.3.2 Scope of Study

The research and information that have been done so far rely on
development of the system itself by identifying and understanding the system. All
the information need to be gathered in order to develop the online monitoring
system. This will ease the operator to analyze the system and at the same time
monitoring the waste treatment process of the water.

The scope of this project can be defined as below:

i. Design and develop Data Acquisition (DAQ) system for water
treatment control process.

ii. Develop User Interface using Laboratory Virtual Instrument
Engineering Workbench (LabVIEW).



CHAPTER 2
LITERATURE REVIEW

2.1 Palm Oil Mill Effluent (POME)

Palm oil mill effluent (POME) came from two main processes which are
sterilization and clarification stages, as the condensate and clarification sludge,
respectively. The clarification sludge has higher level of residues compared to the
sterilizer condensate. Both contain some level of unrecovered oils and fats. The final
POME would of course include hydrocyclone washing and cleaning up process in
the mill. Approximately water required to process 1 ton of fresh fruit bunches (FFB)

are 1-1.5 tons [1]. Figure 1 show the process at the palm oil mill.

Fresh Fruit Bunches

v
Sterilization »| Strilization Condensate
v
Stripping |——— | Incinerator
v
Digestion
- .| Fiber for
v "| Boiler Fuel
Pressing
!
e Craker
Oil Liquid
v
| Clarification Tank
v
. ] 3 Kernel Shell for
Sludge Oil Boilrer Fuel
v v
Separator Centrifuge purification
v v
Oil Vacuum Druing
v
Storage

Figure 1 A block flow diagram of the palm oil mill process [4]



Generally, the characteristics of industrial effluents are given as follows:

e Soluble organics resulting in dissolved oxygen depletion in streams and
estuaries and/or causing taste and odour.

e Organic suspended solids resulting in dissolved oxygen depletion.

e Inert suspended solids causing turbidity and resulting in bottom sediments.

e Toxic substances and heavy metals

e Oil and floating materials.

e Dissolved salts particularly phosphates, chlorides and nitrates [2].

2.1.1 POME Composition

Satunto [3] reported about composition from analysis of typical sample from
Malaysia as below;

Water : 95%
Oil (free) © 1%
Suspended Solid : 2%

Dissolved Solids : 2%

POME is in the form of highly concentrated dark brown colloidal slurry of water,
oil and fine cellulosic materials. Due to the introduction of heat (from the sterilization
stage) and vigorous mechanical processes, the discharge temperature of POME is
approximately 80-90 °C. The chemical properties of POME vary widely and depend
on the operation and quality control of the mills [1]. Table 1 shows the properties of
POME. Apart from the organic composition, POME is also reach in mineral content,
particularly phosphorus (18mg/L), potassium (2270mg/L), magnesium (615 mg/L)
and calcium (439 mg/L) [1].



Table 1 Properties of POME [1]

Chemical Property Average Range

pH 4.20 3.4-5.2
BOD (mg/L) 25000 10250-43750
COD (mg/L) 50000 15000-100000
Oil and grease (mg/L) 6000 150-18000
Ammonical nitrogen (mg/L) 35 4-80
Total nitrogen (mg/L) 750 180-1400
Suspended solid (mg/L) 18000 500-54000
Total solid (mg/L) 40000 11500-78000

2.2 Treatment Process of the Effluent Water

Basically, there are two systems for the monitoring which are batch and
continuous processes. Industrial batch processes scaled up to produce a larger
quantity of material which requires precise tracking of batch information for safety
and regulatory purposes. Continuous processes are done in precise ways at precise
points. To ensure product quality and safety of operations precise control of process
conditions must be maintained [4]. For this project, it will be using continuous

monitoring system.

POME basically contains liquid waste that cannot easily or immediately being
processed for extraction of useful products and will be run down to the mill internal
drain system to the effluent (or sludge) pit [5]. Figure 2 show the process treatment
of effluent water. Process of the digested liquid to be treated will be divided to 3

phases:

i.  Acidic phase
ii.  Methanogenic

iii.  Aerobic phases
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Figure 2 Flow Chart for Process Treatment of the Effluent Water [4].

For the palm oil mill management, the water must be regulated in terms of
Biological oxygen demand (BOD), the chemical oxygen demand (COD), total solids
(TS), suspended solids (SS), oil and grease (O & G), Ammonical nitrogen (NH3-N),
pH, temperature and cost [5].

2.2.1 Parameters in the Process Treatment

Wastewater Treatment systems rely on microbes to operate the function of
the breakdown of sewage influent. These microbes live in the sludge of treatment
plants and holding tanks. In any wastewater treatment system there is a vast array of
microbes present, i.e. aerobic, anaerobic and facultative, each performing specific
functions in their respective parts of the system. Each species has a tolerance of
ecological minimums and maximums with regard to various conditions; pH,
temperature, dissolved oxygen levels and nutrient levels. All microbes require
optimal conditions in order to proliferate and infuse the system with sufficient

numbers of microbes to maximize the efficiency of the wastewater treatment plant

[6].



BOD is a measure of the amount of "food" for bacteria found in river water.
It is an aggregate measure of organic matter that includes all sorts of things. It
depends on the fact that bacteria in the water will utilize organic matter in their
respiration and thereby remove oxygen from the river [7]. BOD measurement
procedure includes dilution, seeding and standard sample to check procedure. The
Average temperature is = 20 degrees C. 300 ml are usually used. Dark IncubaOtion
is needed to restrict the growth of algae. The final measurement is usually
expressed as 02 mg/l. BOD measures all biodegradable organic carbons, and under

certain conditions, oxidizable nitrogen present in the waste.

The methods for BOD determination are commonly used are the direct
measurement of dissolved oxygen or DO-content of sample and different dilutions
every day with a DO-probe and calculating the BOD at the end. The more convenient
method for municipal waste water is a respirometric measurement and storing the
data every 24 hours automatically the samples have not to be touched between filling
the bottle and reading data after 5 days [8].

COD or Chemical Oxygen Demand is the total measurement of all chemicals
in the water that can be oxidized. COD is usually measured and the test is simple and
easy to perform with the right equipment and can be done in 2 hours while BOD
usually takes 5 days. A COD test measures all organic carbon with the exception of
certain aromatics (benzene, toluene, phenol, etc.) which are not completely oxidized
in the reaction. COD is a chemically chelated/thermal oxidation reaction, and
therefore, other reduced substances such as sulfides, sulfites, and ferrous iron will

also be oxidized and reported as COD [9].

Wastewater usually contains large quantities of suspended solids that are
organic and inorganic in nature. These solids are measured as Total Suspended
Solids (TSS) and are expressed as mg TSS/ liter of water. This suspended material
is objectionable primarily because it can be carried with the wastewater to the leach
field. Because most suspended solids are small particles, they have the ability to
clog the small pore spaces between soil grains in the leaching facility. There are
several ways to reduce TSS in wastewater. The simplest method is the use of a

septic tank effluent filter, such as the Zabel filter (several other brands are



available). This type of filter fits on the outlet tee of the septic tank. It is made of
PVC with various size slots fitted inside one another. The filter prevents passage of
floating matter out of the septic tank and, as effluent filters through the slots, fine
particles are also caught. Many types of alternative systems are also able to reduce
TSS, usually by the use of settling compartments and/or filters using sand or other
media [10].

A rough indication of pH can be obtained using pH papers or indicators,
which change color as the pH level varies. More accurate pH measurements are
obtained with a pH measurement system consisting of three parts: a pH measuring
electrode, a reference electrode, and high input impedance meter [6]. The basic

equation of the pH is as below

1
pH = —log;gapy = logyg a
where ay is the (dimensionless) activity of hydrogen ions. These hydrogen ions
respond to hydrogen ion activity that can be measured experimentally by means of

an ion-selective electrode [11].

Temperature can be measured in many ways. The commonly used are
thermistors and mercury thermometers. These are calibrated in the laboratory before
being used, using mercury or platinum thermometers with accuracy traceable to
national standards laboratories. Infrared radiometers on satellites measure the surface
of water temperature [12]. Instead of these, there are inexpensive and versatile
devices for measuring temperature which known as thermocouples. The
measurements of these devices range from hand-held units to multichannel data
acquisition systems. Thermocouples also can be used to measured wide range of

temperature. This gives advantages to thermocouples instead of other devices [13].


http://en.wikipedia.org/wiki/Activity_(chemistry)
http://en.wikipedia.org/wiki/Hydrogen_ion

CHAPTER 3
METHODOLOGY

3.1 Procedure Identification

In order to achieve the objectives of this project, research has been done on

some resources such as books and

activities has been developed. Figure

technical papers. Due to this, flowchart of
3 shows the overall flowchart of the project in

order to keep on scheduling the plan for the project.

Title Selection

A

Identifyin

g the System

A

A

Development of the System (GUI) with Data Acquisition (DAQ) and software LabVIEW

A

y

Actual/Laboratory Experiment

Analysis of Result & Discussion

A

y

Report Writing

Figure 3 Project Activities Flow Chart




For the time being, the progress of the project right now is in the third and
fourth stage which is development of the system interface and some experiments are
still ongoing before proceed to the other stage. This is very important to know the
system itself before it can be implemented through LabVIEW to generate data
needed.

3.2 Methodology

The important thing of this project has been made throughout the
methodology diagram below in Figure 4. This methodology includes the main 4

phase in development of the project that is really concerned throughout the course.

System combination

Implementation and
software

Input, process and
output

Define problem and
get solution

Figure 4 Methodology Diagram

The process for the prototype has gone through all the phase in order to keep

in track with the requirement and objective of the overall project.

10



3.3 Requirements of the Project

3.3.1 Parameters Selection for the Project

After identifying all the parameters of the treatment process, 2 parameters
have been selected to be implemented through the project of the online monitoring
system. The 2 parameters that are selected:

1. pH

2. Temperature

The main focused throughout of the project will be on these 2 parameters.
Work still ongoing to determine the best way to measure all the parameters through
the probes to be implemented in the software and can be easily read by users.

3.3.2 Control Algorithm of Hardware

The concept of controlling the hardware is through a systematic approach.

The algorithm involves the following steps:

i. Determine the sequence of operation in order to achieve objectives
(parameters)

ii.  Assignment of inputs and outputs to be determined [14].

3.3.3 Data Acquisition System Concept

Data acquisition refers to any process where information is converted into a
form that can be handled by a computer. Computer based data acquisition system is a
system where parameter, or parameters are detected by a sensor, the output signal is
then suitably conditioned, and this data is then stored or processed by computer [15].

Figure 5 shows the path from sensor to computer.

11



Sensoring
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Conditioning

Data

Acquisition

Sensor
(Physical

Quantity)

A 4

Electrical Quantity

A 4

(Voltage, Current,
Resistance) Capacitance)

Voltage

Digital
Representation

Figure 5 The Path from Sensor to Computer

There are some benefits for Data Acquisition System using DAQ which are:

iv.

V.

Vi.

3.3.4 LabVIEW

Multifunction in industrial sector.

Faster perfomance.
Data in real time and can storage
Better flexibility

Easier system integration.

Lower cost more than using traditional process.

LabVIEW is a graphical user interface (GUI) consists of two main panels, a

control panel and a Display Panel. In the control panel, we have constructed VIs

(Virtual Instruments) that will enable the user to have control over updating the

period of the data acquisition as well as the data logging and storing information.

On the Display Panel, we have placed charts that display the history of the

parameters. This project requires of Guide User Interface (GUI) to help maximized

the operation of the system while monitoring the recycling and treatment of the

water from POME. Some testing in the laboratory really needed to test the

availability of the software and the parameters.

12




3.3.5 Sensor Validation

The operation of each industrial plant is based on the readings of a set of
sensors. Their reliable functioning is essential as the output of sensors provides the
only objective information of the process. The task of the sensor validation is
intended to confirm whether the sensors are functioning properly. The validation
process must be robust enough to detect multiple sensor faults as well such as bias,
drift, spike, short circuit, open circuit and cyclic noise. So the real-time process
sensor validation is very important, based on the object-oriented flexible design and

flexible control theory [16].

3.4 Tools Required

Some of the tools that may require during this project include:

= Software LabVIEW to generate GUI
= Data Acquisition (DAQ) card
= Sensors (for pH and temperature)

= Sample to be tested during development of the system

3.5 Cost Estimation

Cost that is considered in this project includes direct and indirect cost. Table
2 shows the estimation cost for this project.

13



Table 2 : Cost Estimation of the Project

Direct cost
Total
Items Quantity Cost Cost
Thermocouple $12.00 $24.00
Tank $50.00 $100.00
Stand $100.00 $100.00
Total $224.00
Indirect cost
Total
Items Quantity Cost Cost
pH Meter $300.00 $300.00
Software LabVIEW $1,700.00 | $1,700.00
DAQ Card $300.00 $300.00
Computer $2,500.00 | $2,500.00
Total $4,800.00

Overall cost estimation = Direct cost + Indirect cost
= RM 224.00 + RM4800.00
= RM 5024.00

3.6 Project Development

The understanding of the system really needed before starting to the phase of
development. The main part of the project is the development of the Guide User
Interface (GUI) to ease the operator to monitor the system. Figure 6 shows the
background development of the GUI itself.

14



Initialize and Configure DAQ

v

A 4

Obtain a sample of data
(Voltage Reading)

Reading from
probes?

Convert the Voltage to data
required (temperature,pH)

Calculate the Average Data

Display the Average Data

Store data to file

Display the Data

Figure 6 The main tasks being performed for GUI

3.7 Overall System Structure

Combining all the information and understanding of the project, the structure
of the system has been developed. Figure 7 shows the overall system structure

that has been divided to 3 main parts which were

1. Circuit sensors
2. Software including equipments

3. Visualization

15



Circuit sensor and interface Software integration
integration

Circul Software & Lab
: ircuit <li> VIEW
ensor ' equipment

Figure 7 System Development Structure

Interface at Computer
(visualization)

The establishment of GUI then will be connected through DAQ card to get the
real time data. These data then need to be analysed and compared with the data that
has been stored in the system. The data being showed on the screen are the data that
has been compared to the stored data to ease operator analyzed the quality of the
water. Figure 8 shows the project visualization after all the setting has been
established.

~\/~V_a_§er Tank
Probes DAQ
card
(sensor) Computer

visualization

Figure 8 Project Visualization
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CHAPTER 4
RESULT AND DISCUSSION

This project so far has been divided into two parts already. First part is the
prototype of the project which is fabrication of the tank. Second part is the
development of the interface for the monitoring system. At the end the system will be
combined together. Figure 9 below is the illustration of the final prototype of the

project. Refer appendix for the mechanical system of this project.

Probes

Probes

Tank 1

B

Tank 2

Water will be discharged —_—
atTank3

Tank3

Figure 9 llustration of the Project Prototype
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4.1 Fabrication of the Tank

In the industry, POME was treated in the tank. With a hydraulic retention time
of 20 days, each digesting tank has the capacity of 3600 m*® of POME. For the open
digesting tank, the dimension is 19.5 mx12.2 m (diameter x height) to treat 180 m*
day ' of raw POME. This treated POME is then displaced into the facultative

anaerobic ponds using gravity flow [17].

For this project, the prototype will be scaled down to a suitable design. Two
tank which represent the mill (tank 1) and the tank to treat the POME itself (tank 2).
Tank 1 has dimension of about 40cmx30cmx30 cm while tank 2 with
30cmx30cmx30cm. Figure 10 below show the tank that has been fabricated for the

prototype.

Figure 10 Fabrication of the Tank

18



4.2 Development of Interface using LabVIEW

The development of interface using LabVIEW is still ongoing. Some progress

has been done through this semester.

4.2.1 Interface Development

Using LabVIEW 6i from National Instrument, the interface for the system so
far is doing goods. Some explanations really needed to verify the system itself. Figure
11 shows the loop diagram used in the system. The function of the while loop

diagram is to make sure the system is in continuous condition (looping).

Figure 11 While Loop Diagram

This while loop diagram working so fast to get the data. In order to slow down

the process, there is need for Wait until Next ms Multiple as shown in Figure 12.

i

Figure 12 Wait until Next ms Multiple diagram

These two diagrams will be combined together with the system in order to get
the data in suitable time manner in continuous way. The other diagrams then will be
applied in this while loop to get the desire data. Figure 13 and 14 show the interface
of LabVIEW that has been done for thermocouple while Figure 15 shows the block

diagram of the interface itself. This block diagram is setup to get the required data.

19
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Figure 14 Interface for the Graph
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Figure 15 Block Diagram for Thermocouple’s Interface

4.2.2 Callibration of thermocouple

So far, calibration of the thermocouple has been done. At the same time, the
interface for thermocouple which sense temperature is doing goods. Thermocouple

can now sense the temperature of the surroundings.

Before using the interface, user first has to assign which channel has to be
assigned according to the system interface using Measurement and Automation
Explorer (MAX). Figure 16 and 17 show the pin assignment for the sensor in MAX.

21
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Figure 17 Assign Input Channel for achl in MAX
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Then, the connection will be done for the pin at pin block. This pin
assignment must be the same as indicated in MAX in order to get the data correctly.

Figure 18 shows the pin assignment at the connector block. the pin assignment must
follow the wiring diagram (Refer Appendix C).

T 7T 1132 2 2 2
.fY\f’ﬁ"f"l"ﬂ“"" SO e D

Figure 18 Pin Assignment at the Connector Block

At the interface in LabVIEW, there is also some point where user needs to assign the
channel for the system and also where all the data should be kept. After the setup

being done, user can now run the program and the result will appear at interface as
shown in Figure 19.
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Figure 19 Result from Thermocouple
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The system will alert the user if there is problem for the monitoring system as
shown in Figure 20

Pt B

Ut ARMIMNG! | High kemperature

Figure 20 Alert to User in the Interface

4.2.3 pH Calibration

The development of the pH measurement is through the basic measurement.
Figure 21 shows the interface for pH measurement.

Figure 21 Interface for pH Measurement
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Figure 22 below shows the VI diagram for the pH interface of the project.
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oS G0l GIES

channel (0]

Figure 22 VI Diagram for pH Measurement

4.2.4 System Combination of the Interface

At the end of implementation of the project, the system for temperature and
pH measurement will be combined together as for the requirement of the project.

Figure 23 below shows the overall interface of the project.

channels (0) Path channel (0)
kb = 5 o | %D =
pH
Thermometer Thermometer 2 e
100+ 100- 102 o2
80 80 : 0.00
Templ  60< 60- | Temp2 5-
0.00 a0: s:] oo :
20 20: 0-L
0 0-
I pH Ploto R
0.00
Plot 0
Temperature Plot1 l J
100.0- 0.00
80.0-|
2 600
2
£ 400
el g
200 100
Time ngﬂ J
00~ SRR RS S Time EYREIET [T E—
Tz B=lol ] ampivuce | 244 1]
Time ME%
Temperature L0 ] 4 stop

Figure 23 Project Interface
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Figure 24 below shows the overall VI diagram of the system to build the
interface in LabVIEW software.

[ —7)
*Text. TextColor]

Figure 24 V1 Diagram for the Overall Interface

4.3 Results

After several tests and experiments conducting throughout the project, the
interface and the system seems to work very well. The readings can be obtained
through the interface and all the data can be saved to be monitored and compared
later by the operator. Figure 25 shows the reading of the interface that working (refer

Appendix A for the data storage).
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CHAPTER 5
CONCLUSION & RECOMMENDATION

5.1 Conclusion

Laboratory experiment that has been conducted to analyze the control system in
the palm oil mill and optimize the use of the system shows good progress. The
experiments and tests can be said as success to achieve the objective. The
development of the Guide User Interface (GUI) via LabVIEW and interfacing the
data from Data Acquisition (DAQ) card will ease the online monitoring system for

the process of water recycling from palm oil mill effluents.

5.2 Recommendation

The system is still new in implementation. Some improvements can be done in

the future to upgrade the system. The system could be improved further by:

1. Including BOD/COD sensors for a better results
2. The system could have online capability so that the data that is being
processed could be observed quickly (server and client model via

networking).
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APPENDIX D

WIRING DIAGRAM CONNECTOR BLOCK
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APPENDIX E

DETAIL DRAWING

Top View

Bottom View
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Side View (Left)

Side View (Right)
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Back View

Southwest Isometric View
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Southeast Isometric View

Northwest isometric
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Northeast Isometric View
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