1. Identify how much waste is being produced on daily bas ( in kg or volume)
Vegetable oil always believed to be as a substitute for fossil fuel product, diesel ever since in the early 19th century by the inventor of biodiesel engines, Rudolf Christian Karl Diesel. Seed oil is unconventional because to produce biodiesel, oils are extracted from vegetables which could have been used for conventional uses. In order to design a feasible method of biodiesel production, we used waste cooking oil which is used palm oil from cooking. The waste was being produced from a local restaurant from Seri Iskandar, Perak location and since Malaysia has a very large industrialization on palm oil production. This fact is advantage since the properties of WCO obtained from almost many regions in Malaysia would have same properties as this provides green light for Malaysia to be largest Biodiesel producer followed by United States and North America [1].
Waste cooking oil which is sourced from the local restaurant is 5 kilogram of used oil. The restaurants purchases cooking palm oil for frying and cooking purposes for her restaurant. To get precise information, the said restaurant purchases a famous “KNIFE BRAND” cooking palm oil, where most of the restaurants uses such brands. The waste cooking oil was mostly containing oleic acid and n-hexadeconic acid. There are a large difference in properties of unused cooking oil and used cooking oil values in cooking palm oil and when it comes to biodiesel production, values like density could affect the calculations designing for reactor (mass balance). Based on local researchers and the density of used cooking oil values from the same location, Seri Iskandar, Perak is 0.9013 g/cm3 [2].      

2.   Conduct a literature survey of how these waste can be turned into wealth opportunity. Specify:-
a) The varieties of available technologies

2.1-1 Mechanical stirring method 
In modern industrial biodiesel process, the conversion of Vegetable oil or waste cooking oil to FAME achieved using homogenous catalyst system in batch or continuous mode through mechanical stirring method at the temperature 60 -70 degree Celsius and process comes to completion after 90 minutes.[3]
2.1-2 Microwave method
A far better concept of mixing in production of biodiesel in batch or continuous via heating of raw material through convection, conduction and radiation. Microwave irradiation is conventional method to enhance hydrolysis, esterification, and transesterification due to economical and convenient aspects.[4]
2.1-3 Ultrasonic Method
Ultrasonic is a very desirable tool for producing biodiesel from vegetable oil and animal fats, because it lowers the cost of processing, speeds up transesterification, does not require elevated temperatures, and produces a higher grade of biodiesel. . Although this phenomenon, known as cavitation, lasts but a few microseconds, and the amount of energy released by each bubble is minimal, the cumulative amount of energy generated is extremely high. [5]
a)          The reactions involved
      2.2-1     Esterification Process
Esterification, as it applies to biodiesel production, is the chemical reaction by which a fatty acid, typically a free fatty acid in degraded or second-use oil, reacts with an alcohol to produce an alkyl ester and water. The process differs from the transesterification reaction in that the reaction is occurring directly between the alcohol and the fatty acid molecule. The intermediate steps of cleaving the fatty acid chains from the glycerine backbone are not present. For this reason, no glycerine is produced during the esterification reaction. [6]
                                        [image: C:\Users\s.sugesvarran\Downloads\Esterification.jpg]  
                                                        Figure 1: Esterification Process 
2.2-2        Transesterification Process 
The final step of obtaining Fatty Acid Methyl Ester (FAME) by reacting with alcohol such as methanol and Ethanol with triglyceride molecules is knows as transesterification. This process is relatively slow under optimum conditions during in absence of catalyst. For transesterification process , an alkaline catalyst such as KOH ( Potassium Hydroxide) or NaOH ( sodium hydroxide) to elevate the reaction at STP and to produce FAME and glycerol after step by step conversion as shown below. [7]

[image: ]
                                         Figure 2:  Transesterification Process

c. The researchers or practitioners that made these technologies successful in their local area
There are few researches from both internationally and nationally who have been successful in showing their technologies to the world with both industrial and future technology aspects.
The method mechanical stirring was studied from two researchers. The method feasibility was studied from Bio resource Technology journal under a review of Biodiesel production from Fangrui Ma and Milford A Hanna [3], where various method was studied such as Blending (mechanical stirring), thermal cracking and transesterification.
Where else, the other technology which is ultrasonification was studied from few researchers as it was showing a promise reaction over short time and high yield. The researchers who have provided viable information for this method was Egi Augustin[8] on the research paper; production of biodiesel from waste cooking oil using ultrasonic tubular reactor. The next researcher who have achieved in this technology is Georgene Elizabeth Grant and Veera Gnaneswar Gude on the research study of; Kinetics of ultrasonic transesterification of waste cooking oil [9].  At last, the research followed to complete this project is; utilizing ultrasonic energy for reduction of free fatty acids in crude palm oil by [10]. 
It has to be remarked that two out of three research papers referred for ultrasonic technology was obtained from local Malaysian researchers.
      
      d. The pros and constraints of these technologies
The mechanical stirring method is widely used in today's process with advantages of convenient, easy to repair and efficient physical mixing over the time. This mechanical stirring method in production of FAME has efficiency defect in time and power consumption aspect where it consumes 120 minutes for conversion and over the reaction, accumulation of soap and other constituents might interfere during stirring and inhibit the FAME production.
The microwave method is advantageous in the aspect of its convenience, rapidity, and economy advances in equipment design, and trends in electrical energy costs. Whereas the constraints of this technology is the amount of reactants feed could be higher due to radiation where in both esterification and transesterification excess methanol is needed.
Ultrasonification method is famous latest method where many researches acquiring the use of this technology for high intensity mixing due to cavitation and particularly in FAME production, it helps to prevent the formation of soap. The disadvantage of this technology is unavailability of large size probe
e. The way forward that would help your project
These technologies according to the advantages and disadvantages, the magnetic stirring which is the usually used in industries has relatively consumes larger power and more time to achieve biodiesel conversion. Where else, the ultrasonification method is new era process where currently the biodiesel conversion via ultrasonic, yet to be commercialized. The key factor for the reaction involving is the mixing of reactant and catalyst at optimum temperature. Hence, observing on all of the technologies, ultrasonification on both esterification and transesterification shows promising reaction at very short time. The technology of cavitation increases the mixing intensity and yield of biodiesel (FAME).







3. Identify the technology that you’d like to propose-

a) What is it?
Ultrasonic is a very desirable tool for producing biodiesel from vegetable oil and animal fats, because it lowers the cost of processing, speeds up transesterification, does not require elevated temperatures, and produces a higher grade of biodiesel. The longitudinal vibrations of the ultrasonic probe are transmitted into the liquid as ultrasonic waves consisting of alternate expansions and compressions. The pressure fluctuations give birth to microscopic bubbles (cavities) which expand during the negative pressure excursions, and implode violently during the positive excursions. As the bubbles collapse, millions of shock waves eddy, and extremes in pressure and temperature are generated at the implosion sites. Although this phenomenon, known as cavitation, lasts but a few microseconds, and the amount of energy released by each bubble is minimal, the cumulative amount of energy generated is extremely high. [5]
b) Why do you choose this technology? Why not others?
According to all the technology proposed, Ultrasonic technology for producing higher yield of biodiesel due to alternate expansions and compression compared to other method such as mechanical stirring and microwave irradiation. Mixing of reactants at high speed is needed and only could be possible with ultrasonic. With high pressure and violent implode due to cavitation at high intensity favoured over other technologies. For example, the stirring method takes minimum 7 hours to obtain first level FAME conversion while microwave irradiation uses high power through conduction, convection and radiation for increased mixing intensity.
       c) Is it sustainable technology?
According to the comparison study of mechanical stirring and ultrasonic [11] for biodiesel production, the power used for conventional process in industry yields 89% where ultrasonic yields 95% with less power consumption. The conventional method also consumes 120 minutes where ultrasonic technology takes up to only 5 minutes for FAME conversion. According to these key points, since less power consumption the economic shows promising growth and with less time reaction both the environment and social prevails its sustainability.
      d) Is there any catalyst involved? What type of catalyst? How much is required?
There is catalyst involved during reaction of conversion from waste cooking oil to biodiesel or also known as FAME (Fatty Acid Methyl Ester). For the reaction in first place which is esterification uses Sulphuric Acid as catalyst and the amount used is 7 % wt [12]. This is the first process to obtain esterified product to undergo transesterification process for complete Biodiesel product.
Where else, in the second reaction which transesterification, the catalyst used for biodiesel conversion is Potassium Hydroxide which yields FAME and glycerol along with trace amount of water and soap. The proposed amount of catalyst is 1.5% wt [13]



4. Mass Balance

There are two reaction involved in the production of waste cooking oil to biodiesel which are esterification and transesterification via ultrasonification. 
For esterification the basic properties used are waste cooking oil of 5kg and the alcohol to oil ratio used was 20:1 [12]. The general equation for esterification is ; 
[Waste Cooking Oil] + [methanol] = [methyl ester] + [ water] + [ methanol] + [ oil]
5.9[Waste Cooking Oil] + 118 [methanol] =5.78 [methyl ester] + 5.78[ water] + 112.22[ methanol] + 0.12[ oil]

Therefore, the feed of 5kg with the reaction with methanol and catalyst (H2SO4) amount 7wt% yields with 98% [cite] to esterified methyl ester to transesterification process with output of 4.65kg.(referring tripalmitin)[14]
For transesterification process of reacting methyl ester with alcohol with alcohol:oil molar ratio of 6:1 in the presence of catalyst (NaOH) of 1.5wt %[cite] with 98% efficiency according to below general equation;
[Triglyceride] + 3 [ methanol] = [Fat acid methyl ester] + [ glycerol]
5.78[Triglyceride] + 34.68[ methanol] = 5.66[Fat acid methyl ester] + 5.66 [ glycerol] + 0.12[ triglyceride] + 17.34 [ methanol] 

Therefore for the feed of 4.65 kg of Tripalmitin [14] under transesterification produces 3.8kg of biodiesel which is fatty acid methyl palmitate. [14]
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[bookmark: _GoBack]5. Design the reactor that will be used in the proposed technology.

a. What is the type of reactor to be used?

We will be using Continuous-stirred Tank Reactor (CSTR). In CSTR, any materials is easy and free to enter and exit. This reactor also operates at steady state.
The conditions do not change with time which will make our process conditions constant and not always changing which is easier to handle and control. The products are removed continuously and the reactants are entered into the reactor continuously. 

The conditions of entering and exit streams are the same. CSTR are well mixed, the contents have uniform and equal properties such as the temperature, density and pressure. The volume of CSTR are usually at constant volume. There are stirrers called agitators inside CSTR to mix well the reactants and catalyst. A CSTR can act as loop reactor when heated. The pressurized fluid is inserted into the system to facilitate the stirring or the agitators for higher heat and mass transfer rates.


b. What is the size of the reactor?
Equation:  
[Triglyceride] + 3 [methanol] = [Fat acid methyl ester] + [glycerol]
Rate constant, k: 0.38
Conversion, X: 0.98

Step 1:
General equation for CSTR: FAo – FA + rA(V) = 
Volume for CSTR: V = 
Since, FA = FAo (1-X) then, V = 
For 1st order reaction, -rA=kCA







Step 2:
Stoichiometry table

	Species
	Symbol
	Initial
	Change
	Remaining

	Triglyceride
	A
	
	 FAO 



	
	 -FAOX 



	
	 FA = FAO (1-X) 




	Methanol
	B
	
	 FBO 



	
	 -FAOX 



	
	 FB = FBO - FAOX 




	Methyl ester
	C
	
	 FCO = 0 



	
	 FAOX 



	
	 FC = FAOX 




	Glycerol
	D
	
	 FDO = 0 



	
	 FAOX 



	
	 FD = FAOX 






Step 3:
Vo=   and    CA=CAo (1-X)
So substitute, V = 
Vo= (5 kg/day ) (901.3g/ ) = 5.548

V=  =0.715  = Volume

D=  =  = 0.9691 m = Diameter

V =  x L

L =   = 0.9693 m =Height

c. Operating temperature and pressure?
Temperature= 60 degree celcius
Pressure= 1 atm 
 
  
d. Does it require any heating/cooling?How do you provide that?
The esterification and transesterification needs heating because heating can increases the rate of the reaction. Esterification of an ester is an equilibrium reaction, so one often uses an acid catalyst. It drives the reaction to completion.

 
e. Produce a mechanical drawing of the reactor
[image: C:\Users\Chue Chui Ting\Desktop\mechanical drawing.png]













f. Cost of the reactor
C = 150 000N-----if plant capacity is <60000 tonne/yr

Whereby; 
C = capital cost in pounds sterling 
N = Number of functional units 
Q = plant capacity, tonne per year 
s = reactor conversion = X

Q= (5 kg/day) x (365 days/year) x (0.001 tonnes/kg) 
   =1.825 tonnes/year
N = 1 (one reactor)
s= 0.98 =X

 C = 150 000(1) () 
=180, 759.99
















6. Include the control element that you need to install in operating the reactor and specify your justification
a. What is the transfer function for the reactor?
b. What is the order of the transfer function?
c. Identify the control variable(s), manipulated variable(s), and possible disturbance variable(s) for the reactor.
d. What type of control algorithm (P, PI, or PID controllers) would you use? Why? 

a. What is the transfer function for the reactor?

          Feed 
          Ti, ρ, w, c




 
Qh                                                                                                                       Qw                                                                     


                                                                                                                                Product 
                                                                                                                                T, ρ, w, c    


Transfer function
Energy balance of the reactor:
Rate of entering system – rate of leaving system + rate of generation –rate of consumption= rate of accumulation
At dynamic state,


At steady state, 


Subtract the dynamic state equation with steady state:

where:
 ,  , 



Perform Laplace transform to the equation


At initial condition, =0,










 , 

b. What is the order of the transfer function?
First order transfer function.

c. Identify the control variable(s), manipulated variable(s), and possible disturbance variable(s) for the reactor.

Control variable: 
· Temperature of the reactor, 
The temperature of the reactor has to be maintained at 60°C as required for the reaction. 

Manipulated variable:
· Heat supplied from the heat jacket, 

Disturbance variables:
· Temperature of the feed, 
· Heat loss to surrounding, 






d. What type of control algorithm (P, PI, or PID controllers) would you use? Why? 
PID controller. PID controller eliminates offset cause by the proportional algorithm, derivative algorithm reduces oscillatory effect which is caused by integral algorithm, and produces faster response as proportional algorithm act immediate when there is an error. PID controller is the best controller once it is tuned correctly.
Algorithm of PID: 

Transfer function:


7. Conduct Hazard and Operability Studies (HAZOP) of the reactor to identify any special safety features to be installed in your proposed reactor.

Hazard and Operability (HAZOP)

            HAZOP is a study that identifies hazard and operability problems. HAZOP is done to investigate how the plant might deviate from design intent. During a HAZOP study, the solution becomes apparent for the problems that may incur, it is recorded as part of HAZOP result. Nevertheless we must ensure not to avoid trying to find solutions which are not so apparent, as the main objective for the HAZOP is problem identification. HAZOP is basically for safety, hazards are the main concern and operability problems degrade plant performance (product quality, production rate, profit). Hence, considerable engineering insight is required as engineers working independently could develop different results. 

            In our reactor, the main trancesterification reaction section was chosen as the subject of the HAZOP’s study because of its importance to the biodiesel plant. A hazard matrix was constructed to perform the hazard each unit operation. For unit operation, the process parameters such as flows, pressures, and temperatures were examined to determine possible deviations which could lead to definitive hazards. For each deviance, the HAZOPs study recognized all the probable causes for that deviation. The consequences for each deviation were then listed, and recommendations were made to minimalize the effect or to avert the consequences.

HAZARD MATRIX 

PROCESS: TRANSESTERIFICATION REACTION

	STREAM
	PROCESS 
PARAMETERS
	DEVIATIONS
	POSSIBLE CAUSES
	CONSEQUENCES
	ACTION REQUIRED

	Feed       (ST1)
Reactant (ST2)
Catalyst  (ST3)
Catalyst  (ST4)
Reactant (ST5)
	Flow
	High
Low
No
	Valve failure/fully open
Valve failure/closed
Flow control failure
Flow control sensor
failure
Operator failure
Plugged pipe
Pipe breakage
Empty storage tank 
	Possible upset in downstream
Overflow
Increased reaction rate
Downstream process backed-up
Pipe damage
Reaction rate Reduced
No reaction
Pump cavitation
	Install HA
Install LA
Install check valve
Regular maintenance and calibration
Operator training
Implementation of absorbing material to avoid leaks to ground
Inspection prior to startup

	Reactant (ST2)
Catalyst  (ST3)
Catalyst  (ST4)
Reactant (ST5)
	Pressure
	Low
	Valve failure/fully open
Operator failure
Leak in pipe
Plugged pipe
Pumps fails	
	Possible upset in downstream
MeOH may partial vaporized
Pipe breakage
Pump damage
Pump cavitation
	Check differential pressure across valve during routine
maintenance
Fail-closed mechanism 
Inspection prior to startup



	Feed       (ST1)
Reactant (ST2)
Catalyst  (ST3)
Catalyst  (ST4)
Reactant (ST5)
	Temperature
	High
Low
	Excessive heating
Operator failure
Temperature control
Failure
Temperature sensor
Failure
Not sufficient heating
Cooling occurs
	Increase pressure
Pipe melt
CH3OH boil
WCO boil
Pump damage
Reduced pressure
Viscosity increase
WCO solidify upon cooling
	Install HA + thermo couples
Operator training
Install throttle
Install LA + thermo couples installed
Regular maintenance

















8. Draw P&ID diagram of the complete process.

REACTION 1
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FROM REACTION 1 STREAM 7


ESTERIFIED BIO DIESEL









Symbols

Material Streamline
Level Transmitter 
LT 


Signal Streamline
Level Controller 
LC 

Electrical Signal
Current-to-Pneumatic Transducer 
IP 



Pneumatic Signal
Temperature Transmitter 
TT 


Valve
Temperature Controller 
TC


Catalyst streamline
Pump




















	Streamline
	STREAM 01
	STREAM 02
	STREAM 03
	STREAM 04
	STREAM 05
	STREAM 06
	STREAM 07
	STREAM 08
	STREAM 09

	Material Reaction 1
	Waste Cooking oil (a) + Methanol (b)
	Steam
	Cooling water
	Cooling water after process
	Methyl Ester(c) + Water (d) + Methanol (b)+ Oil (e)
	UNREACTED REACTANT
	Methyl Ester(c) + Water (d) + Methanol (b)+ Oil (e)
	Sulphuric Acid
	N/A

	Material Reaction 2
	Triglyceride (a) 
	Steam
	Cooling water
	Cooling water after process
	FAME (c) + Gycerol(d)
	Gycerol(d)
	FAME (c)
	Potassium Hyrdroxide
	Methanol

	Contribution
	Feed
	Heater
	Cooling agent in
	Cooling agent out
	Product
	Recycled
	Product
	Catalyst
	Feed

	Temperature (°C)
	25
	100
	25
	*
	60
	60
	60
	25
	25

	Pressure(atm)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Amount  reaction 1 (kg/s)
	5.9a + 118b
	-
	-
	-
	5.78c + 5.78d + 112.22b + 0.12e
	
	5.78c + 5.78d + 112.22b + 0.12e
	N/A
	N/A

	Amount  reaction 2 (kg/s)
	5.78a
	-
	-
	-
	5.66c  + 5.56d
	
	
	N/A
	34.68b



Where “*“and “-“is depending on STREAM 05 temperature.
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