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Abstract 

 

An appropriate feedstock for the production of Biodiesel is the ultimate goal in this 

project. Biodiesel is commonly utilized as every fuel, exploiting their stored potential energy in 

its chemical compositions through its conversion of heat energy, more specifically, via 

combustion. It is used to power a wide variety of internal combustion engines with its 

combustible properties even though it has less combustibility than the already proven fossil 

fuels; it carries enough of these properties for efficient and more importantly environmentally 

clean applications. Biodiesel itself is an advanced fuel, classified as a biofuel due to its high 

vegetable or animal oil composition. Derived mainly from agricultural co-products and 

byproducts such as vegetable oils and animal fats, its use increases as fossil fuels become more 

expensive. In order to be considered biodiesel, it must meet strict industry quality standards and 

specifications such as, ASTM D6751. 

For our customer, Green-Biofuels LLC, to be able to comply with these specifications 

and deliver a quality product, a Feedstock Pre-treatment Station needs to be developed. Green-

Biofuels obtains, via collection or outright purchase, waste bio-oils and converts them into 

biodiesel. Green-Biofuels is limited in the pre-cleaning stage, being unable to pre-clean 

feedstock with high contents of water and or organic debris. Currently this problem is limiting 

the plant to the amount and type of Waste Vegetable Oil they can process hence purchase. Our 

team has developed a rough mechanical system design which is potentially the solution for this 

existing problem.  Our design, the Biodiesel Feedstock Pre- Treatment Station is capable of 

removing the residual water and organic debris from this raw material prior to its delivery into 

the plant. The cleaning process is simple and consists of pre-separating liquids and solids out of 

these greases and oils, transferring the cleaned oils towards the plant for further processing into 

biodiesel. This preliminary cleaning stage for the existing plant leaves small room for error, as 

the biodiesel production will not allow for much water or bio-solid contents in its treatment. The 

end product follows strict quality control tests in order to provide the best results and meet our 

sponsor’s conditions. With the Feedstock Pre-treatment Station in place and aligned into Green-

Biofuels exiting Biodiesel plant, our sponsor can process any type of WVO from local food 

processing facilities. With the pre-cleaning piece they can acquire these waste oils without 

concern of excessive water and, or debris content. 
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Figure 1 Project Sponsor.  (Biodiesel producer) 

 

By utilizing simple and efficient mechanical solutions the team has committed to 

optimizing the biodiesel plant production. The elaborate design of this prototype Waste 

Vegetable Oil pre-treatment station is planned, analyzed and developed in an orderly fashion by 

the three members of the team and under the supervision of the advisor. 

 

 

1. Problem Statement 

  

           Fossil fuels have become expensive and undesirable pollutants around the world, pushing 

energy developers to exploit new sources of fuels. Our sponsor, Green Biofuels, specializes in 

producing Biodiesel from used vegetable oil. They are a South American entity, and have 

exported their Biodiesel production to South Florida, creating a good use to WVO which would 

otherwise pollute waters and impair sewers. Our design considerations were prepared following 

biodiesel composition guidelines set forth in ASTM D 6751 and from agreed conditions from our 

client. In order to improve ASTM quality of biodiesel production, the pre-treated product has to 

achieve less than 2% MIU (moisture, insoluble, and unsaponifiables) or less than less than 1000 

PPM of water content and or 5000 PPM debris content. However, when WVO is collected it 

contains a high percentage of just liquids (usually water) and different types of solids. This not 

only could cause damage to the plant, it also decreases the quality of the end product and 

increases the cost of production.  

Green Bio-fuels lacks a cleaning medium for their feedstock. This makes them highly dependent 

on purchasing already pre-cleaned raw material. They seek a pre-cleaning section to their plant 

which is efficient and cost effective. The proposed design which would ensure the quality of the 

feedstock is to be depended on specific mechanical systems. First, upon receiving the saturated 

fluid at the storage stage of the design, the macro-filtering of the raw material takes place by 

capturing the debris as the fluid is poured in the tank. Once poured into the receiving tanks, these 

holding tanks serve as a sedimentation juncture and the action of stagnation or sedimentation of 

http://www.gbcorp.biz/
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the fluid as a whole for a yet undetermined period of time takes place.  Once the sedimentation is 

completed it continues to a more thorough filtration stages, eliminating the greater amount of 

water and solids. This occurs as the WVO passes through a centrifuge apparatus and then if 

needed a filtering assembly. The end product is then tested on its proposed terms, maintaining a 

thorough analysis in the design proposition. With a pre-treatment station in place, the production 

plant can operate at higher efficiency and improve quality production. It could lead to 

establishing cost standards for grease trap waste industrial pre-treatment processes and become a 

more cost effective  and successful operation.  

 

 

2. Motivation 

 

 The purification of fuels and oils has always been significant in the energy producing 

industry. Machineries which filter out contaminants such as water and undesirable particles are 

fundamental in these applications. These fuel and oil purifiers are so effective when cleaning oils 

and greases to the point that they can be considered renewed. It is important to be able to 

effectively clean these discarded oils as it helps reduce pollution, with less and less oil and 

grease being disposed and more being purified. It also saves companies money when they can 

opt for used oil that has been refined to become "new" or pure once again than buying more oil 

from factories, or when energy producing companies reuse these recycled oils in order to create 

combustible fuels. Most energy producing companies implement a cleaning system to renew 

their oils rather than spending more money purchasing new oil. In the Bio-fuel development 

industry energy recycling is presently in a great push. Biodiesel makers are more and more 

segmenting sections of their fuel productions to WVO. Used cooking oils from food processing 

companies, specifically restaurants, cafeterias etc, are becoming recycled. Instead of disposing 

this oil in city sewage or drainage systems where definite pollution and increase sewage 

maintenance occurs, more companies are recycling this waste, as it has been classified, collecting 

it for other institutions that use it for its combustible properties in order to produce Biodiesel. 

The companies interested in these used vegetable oils either collect the undesirable WVO 

without price or purchase the fluids, they either produce the biodiesel themselves or sell it to 



16 

 

energy companies that have developed these technologies. Biodiesel itself has its benefits if is 

compared to fossil fuels, both environmental and economic benefits. 

 Bio-fuels or more specifically biodiesel, produced from vegetable oils has more and more 

entered our gas station and industrial fuel suppliers markets. For many years, the pollution due to 

petroleum and fossil fuels used to make gasoline, diesel or fossil oils has increased dramatically 

and the carbon dioxide emissions have drastically changed global temperatures, ecosystems in 

addition to our health. Greenhouse gases have allowed ultraviolent rays and other such radiation 

to penetrate our biosphere weakening ozone layer. Emissions for such fuels have contaminated 

the very air we breathe. However, in recent decades the alternatives to the types of fuels that can 

be used to operate cars and machinery which are more environmentally friendlier have become 

more common. One of these alternatives is the increasingly popular biodiesel. The use of this 

extremely beneficial fuel can reduce air pollution, by emitting less toxic gases in the air. Several 

companies and governments around the world (primarily in North America and Europe) have 

built resources to increase the availability of biodiesel to the public. 

 For the senior design project, our school team is committed to working with the 

previously mentioned Green Bio-fuels. This Brazilian based, family owned alternative energy 

company, has its past in the production of Biodiesel from crop sources like sugar cane, cacao 

etc., a market very competitive and of high importance in the South American nation. Now, here 

in the United States they see an open opportunity of exploiting this young market of biodiesel 

production from WVO. They have already started their production of Biodiesel from WVO in a 

local facility, but just as it was stated in the Problem Statement section of the report, they need 

our help in the preliminary treatment of the feedstock they collect. Green Bio-fuels buys WVO 

with limited amounts of debris and water. Some of the markets’ feed stocks on sale have a 

greater amount of water and or debris which Biodiesel production could handle. Currently, 

Green Bio-fuels cannot treat this oil for biodiesel production. So if there is too much debris and 

water in the WVO they obtain, they are unable to use it for Biodiesel production. We are 

assigned to design for this company a preliminary cleaning or filtering system so that Green Bio-

fuels can accept any type of waste vegetable oil possible, remove the greatest amounts of water 

and bio-solid and then process it safely in their plant without damaging their equipment, whilst 

generating a better quality of biodiesel. In addition, an important byproduct coming from the 

production of biodiesel is a substance called glycerol. Glycerol is a very important compound for 
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several fields ranging from pharmaceuticals to automotive applications, and is a segment of the 

industry which our sponsor seeks to develop in. 

 A recent economic study commissioned by the National Biodiesel Board found that 

biodiesel production of 1 billion gallons supports 39,027 jobs across the country and more than 

$2.1 billion in household income. An additional 11,698 jobs could be added between 2012 and 

2013 alone under continued growth in the Renewable Fuel Standard (RFS) and with an extension 

of the biodiesel tax incentive. The U.S. biodiesel industry reached a key milestone by producing 

more than 1 billion gallons of fuel in 2011, according to year-end numbers released by the EPA 

in January 2012. Biodiesel is an advanced bio-fuel and the world is in need of greener energy 

solutions and less pollution. The significance of developing this design to facilitate Green Bio-

Fuels adapting into the local market is of immense importance.  

 

 

 

Figure 2 U.S. biodiesel production by calendar. Source: biodiesel.org 
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3. Literature Survey 

 

3.1 Yellow and brown grease 

 

Just as it was stated before, WVO, our most common feedstock, 

is classified as either Yellow or Brown grease. Yellow grease is mostly 

composed of used vegetable oil used for cooking. Their properties are 

very close to that of WVO. It can be reused and recycled several times. 

Yellow grease has many applications making it a versatile substance. It 

is used to make fuels such as biodiesel and usually it is a main 

component of biodiesel along with brown grease. 

 

Brown grease is collected from waste water from 

restaurants. While also being WVO, it is much more thick 

and viscous than yellow grease and it usually cannot be 

used for anything due to its contaminated nature and 

containing free fatty acids. However, it is a very significant 

component in the production of biodiesel.  

 

These waste vegetable greases are collected by the use of grease traps. Both yellow and 

brown grease cost very little to process as feedstock per pound which is a great way to produce 

biodiesel inexpensively. 

 

3.2 Raw Material Composition Classification  

 

3.2.1 Free Fatty Acids 

 

Feedstock characteristics are extremely important and usually underestimated in 

Biodiesel production. The most common way to determine feedstock quality is to measure its 

Free Fatty Acid (FFA) content. There are three FFAs in fat: myristic acid, palmitic acid and 

stearic acid. These FFA are produced when they are separated from the glycerol in fat by 

Figure 3 A sample of yellow 

grease. Source: merincorp.com 

Figure 4 Sample brown grease. 

Source: ncfuturefuels.com 
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hydrolysis. They dictate the properties triglycerides, which is what oils and fats are composed 

off. In the following table we can observe the FFA distribution in percentage by weight and 

saturation level percentage in yellow and brown grease compared with other vegetable oils 

measured by Woodson-Tenent Labs Inc., Des Moines, Iowa. 

 

Table 1 Free fatty acid distribution percentage by weight 

Product 

Myristic 

Acid 

(CN: 14) 

Palmitic 

Acid 

(CN: 16) 

Stearic 

Acid (CN: 

18) 

MIU Total FFA Sulfur 

Rapeseed oil --- 3.49 0.85 0.1% 2% --- 

Sunflower oil --- 6.08 8.60 0.1% 3% --- 

Soybean oil --- 10.58 4.76 0.1% 3% --- 

Yellow grease 2.43 23.24 12.96 2-3% 20% 0.002% 

Brown grease 1.66 22.83 12.54 5% 90% 0.003% 

   

High levels of FFA are undesirable since they increase the loss in feedstock. These high 

levels of FFA complicate the glycerin separation process from biodiesel. They form a soap effect 

that promotes stable emulsions in the process making it more difficult. Yellow grease as defined 

by the National Renderers Association should have no more than 15% of FFA and 2 percent 

MIU (moisture, insoluble and unsaponifiables). On the other hand, brown grease as defined by 

Bailey’s Industrial Oil and Fat Products should have between 15% and 50% of FFA, even though 

there is still much debate in how to define brown grease. Every feedstock before entering the 

storage tank should be tested for MIU, FFA, sulfur, and melting point curve in a quick and 

reliable manner no matter the processing capabilities of the plant in order to determine the 

characteristics and quality of the feedstock to be acquired. 

 

3.2.2 Cetane Number 

  

In every diesel fuel the cetane number (CN) is the measure of delay of ignition, meaning 

the time it takes between ignition occurrence and combustion. Cetane ignites under high 

temperature and high pressure conditions without the need of a spark or flame due to its chemical 

composition making it ideal for diesel engines. In biodiesel the CN number is directly related to 

its fatty acid carbon chain composition, therefore, the longer the chain, the higher the CN. The 
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biodiesel CN required by the ASTM is 47. In the next table we can observe and compare 

different CNs from different petroleum diesel and biodiesel fuels from different vegetable oils. 

 

Table 2 Cetane number of several types of fuel 

Fuel Type CN 

Petroleum diesel 50-52 

Petroleum diesel + ignition accelerators 53-54 

Biodiesel (peanut oil) 54 

Biodiesel (soybean) 45 

Biodiesel (palm) 62 

Biodiesel (sunflower) 49 

 

3.3 Properties of Waste Vegetable Oil 

 

The variety in the type of WVO the cleaning station will be processing is a factor in the design. 

The properties of the raw materials are not at an exact value. 

 

3.3.1 Moisture 

 

       The presence of water in either biodiesel or its feed 

stocks is seen in three distinct phases which are known 

as Dissolved, Emulsified and Free. In the dissolved state 

the oil is seen in its transparent form, the water cannot 

be easily set apart due to its minute molecule size and its 

high dispersion in the oil. Vegetable oil and biodiesel 

are destined to contain about 200 to 1000 PPM of water 

and still appear clear. WVO, if not correctly cleaned, are 

able to sustain up to 5000 PPM of water content and still not portray a cloudy state. When 

emulsification takes place the water content in the oil is easy to isolate due to its cloudiness and 

turbid state. If the amount of water in oil exceeds the maximum concentration for it to remain 

dissolved the oil becomes saturated with moisture creating what is called emulsification. In this 

state oil becomes cloudy or hazy indicating a water content of more than 1500 PPM or 0.15 %. 

Higher water content than the previously mentioned changes the presence of water in the oil 

Figure 5 Moisture in oil. (Burnveg.com) 

DISSOLVED EMULSIFIED 
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becoming free water. Very often examples of free water are found at the bottom of containers 

mixed with residual organic debris. 

       The acceptable amount of water in pure vegetable oil or biodiesel is 500 PPM or 0.05 %. For 

WVO prior to processing into biodiesel a PPM of not greater than 1000 is the norm. In the WVO 

cleaning prototype being presented the greatest amount of water is removed as the sedimentation 

and water separation takes place in the collection tank. Nevertheless, due to its previous 

applications in cooking, souses mixing and highly saturation effects to the oil, some humidity 

will very likely be present through the process. For a limit value no more than 0.1% humidity is 

allowable for the feedstock before it continues to the Biodiesel plant. 

 

 

3.3.2 Density 

 

The density of these raw materials varies due to the different amount of oils which would 

compose them, therefore, the type of oil, the temperature and the pressure being summited, to 

dictate the density of the fluids. These raw materials are too impure to allow pinpointing an exact 

value for the density. By oils being less dense than water facilitates the separation of the oils 

from the water mixed in it.  

 

3.3.3 Viscosity 

 

The viscosity might be the oil’s most important property in applied engineering, and in 

our application is an important aspect to consider. The piping roughness, the type of pump and 

the filtering membrane’s permeability are all specifically set to viscosity of the raw material. 

Viscosity is measured in either kinematic viscosity or absolute viscosity. Kinematic viscosity 

describes the fluids resistance to flow and shear due to gravity with respects to the surrounding 

passages. Absolute or dynamic viscosity refers to the resistance to flow in its internal 

composition.  

According to ASTM D445, a standard test procedure for determining the kinematic 

viscosity of liquids, biodiesel is more viscous than No. 2 diesel fuel measured at 40°C and 

should be between 1.9 and 6.0 mm
2
/s. 
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3.4 Filtering by osmosis 

 

Several oil purifiers and filters contain a series of filter 

papers. Filter papers are used to separate liquids such as water 

from solids. They are widely used in chemical labs to separate a 

solution from precipitates and other solid residues. A common 

method to learn about osmosis is using filter papers. 

In osmosis, one can assume that two solutions of 

different concentrations poured in a u-tube separated by a semi-

permeable membrane can reach the same concentration of molecules that both solutions shared. 

The transport of water, or osmosis, can balance the amount of concentrations of a substance on 

both sides of the u-tube. Filter papers are, to some extent, used to separate oil from fuel from 

debris due to the semi-permeability that the paper possesses. 

 

3.5 Centrifuge functions 

 

In order to produce biodiesel, the feedstock must be filtered from contaminants and debris. To do 

so, most oil purifiers are built as centrifuges. The 

centrifuge consists for a bowl with a shaft that rotates the 

bowl using power from a motor. The simple idea behind 

using a centrifuge can be made if one relates to the 

following example. If there is fuel mixed with water and 

dirt, the rotation of the centrifuge caused by the shaft will 

separate the fuel from its contaminants. The rotation 

causes the dirt and water to be pushed towards the inner 

walls of the bowl while the fuel remains at the center 

around the shaft. 

This separation is due to the lower density of the fuel in 

comparison to the denser water and dirt. Most oil filters and purifiers use this technology to clean 

Figure 6 Filter papers. Source: 

mindfiesta.com 

Figure 7 Simple centrifugal separation. Source: 

marinediesels.info 
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several types of fuels. The fuel will then exit through a pipe which is also how the fuel entered 

the centrifuge. 

 

3.6 Applications of oil purifiers and filters  

 

There are several centrifuge-based machines that purify 

and filter oil. Such oil purifiers are commonly found in the 

United States, South Korea, Japan, and China. The 

purifiers help clean the oil from wear components, water, 

debris, bacteria, and other contaminants of oil. There are 

several types of purifiers used in these countries and have 

several features. 

According to the system brochure this purifier can 

be used for oils from turbine lube, paper machine lube, 

gearboxes (ISO 150 to 680), mineral-based for 

transformers, silicon, refrigerant, compressor, EHC fluids 

(Fyrquel), and PAO fluids. 

Some of its features include a dry running claw 

vacuum pump, a permanent dispersion media in 

vacuum tower, high efficiency particulate remove 

element, variable frequency drive, and system view 

windows. 

This following NAKIN brand purifier can be 

applied to several types of oils for switches, mutual 

inductors, and transformers. This oil purifier series 

removes trace water, gases, and particles from oil. 

Some of its features are duplex-stereo film evaporation technology, multi-stage precision 

filtration system, efficient electric heating system, and double-infrared liquid level sensor. Its 

main advantages are that it has a working efficiency several times higher than most traditional 

vacuums and when the purifier is working unattended, it is very reliable and safe.  

Figure 8 30 GPM Vacuum Dehydration Oil 

Purification System. Source: 

oilfiltrationsystems.com 

Figure 9 ZY Single stage vacuum insulating oil 

purifier. Source: nakinoilpurifier.com 
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The Light Fuel Oil Purifier Water Oil 

Separating Machine (ZJD-F) shown below is used to 

specifically clean vegetable oil, cooking oil, fuel oil, 

and lubricating oil. It can also be used to renew 

cooking oil. This filter has a precision filter system 

with highly efficient dewatering and demulsifying 

systems. Its features include the ability to remove 

small particles and impurities in large quantities as 

well as water at high speeds without heating, it quickly removes water from oil, it is adequate to 

work with light oil, it has more than 20 times for efficiency for dewatering when compared other 

such machines, prevents degradation or deterioration of oils, automatically discharges water 

online, and has low operation costs.  

 

Enervac's High Vacuum Degasifier is used for purifying 

liquids that insulate electricity. The processes it goes 

through to accomplish this are dehydration and 

degasification.  These processes can remove particulates, 

water, and gases such as air. 

There are purifiers with High Vacuum (HV) systems 

that purify insulation oils satisfy operational, economics, and 

environmental aspects in the oil filtering and purification industry. 

 

 

These HV systems can also remove water to 10 

parts per million, gases to 0.25% of total gases, particulate 

matter to 0.5 microns, etc.  They are very practical as they 

operate easily, require little maintenance, and can be a 

portable and stationary. These machines are ASME 

authorized. 

 

Figure 11 HV-1200-CW-64-B/S 20 

GPM. Source: precisionfiltration.com 

Figure 12 High Vacuum (transformer oil 

purification) Degasifier. Source: enervac.com 

Figure 10 ZJD-F oil purifier machine. Source: 

chongqingtongrui.en.made-in-china.com 
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3.7 Biodiesel characteristics 

 

Biodiesel is fuel for a diesel engine. Biodiesel is 

different from other diesel fuels in that it is produced 

using renewable sources and other leftover used oils such 

as cooking oil that is no longer safe to use. Biodiesel can 

be blended with petroleum as well. Anything that 

contains an abundant amount of fatty acids such as oils 

and greases can be made into biodiesel through 

transesterification, a chemical reaction that occurs 

between esters and alcohols. Although not as common as the other types of fuels, the way it is 

produced and the advantages it brings has made biodiesel very popular and it would be beneficial 

to increase its production and availability to the fuel market. 

Biodiesels have several properties that make them stand out from the different types of 

fuels that are usually compared. Biodiesels have a higher flash point (temperature of ignition of 

about 130 °C) than petroleum diesel meaning it is less 

flammable. It also emits almost no sulfur dioxide and 

approximately 80 percent less carbon dioxide when compare 

to other types of fuels. The kinematic viscosity of biodiesels (5 

to 6 millimeters per second squared) is higher than their 

petroleum counterparts which means it has better lubrication 

properties. With a cetane rating ranging from 55 to 65, the 

biodiesels combust quicker and start engines faster than other 

fuels. Biodiesels have a density of 0.88 grams per cubic 

centimeter and are also denser than petroleum diesel so it 

gives more energy per liter. 

Biodiesels also have several economical and ecological 

advantages. First of all, it is a nontoxic chemical so it is not 

threatening to humans. It is produced from renewable sources so it can be produces in sheer 

amounts and not cause any negative impact to its sources. Due to this reason, it is much more 

Figure 13 Soybeam seeds. Source: 

afdc.energy.gov 

Figure 14 Biodiesel sample. Source: 

ccdbiofuels.com 
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simple and inexpensive to produce. Economically, the production of biodiesel can open up 

several thousand new jobs to workers. 

 

The oils used to produce biodiesel are commonly found and easily obtained. The process 

of production gives off very little pollution to the environment when compared to petroleum and 

fossil fuel-based oils. In other words, it is safer to the environment. Biodiesel is biodegradable 

with means it can be absorbed back to the environment without harming it and it biodegrades 

faster than other substances. 

 

3.8 Glycerol characteristics 

 

Glycerol is produced as a byproduct when making biodiesel. This substance 

is viscous, odorless, and is a widely used compound that has many 

applications in different fields. 

This sugar alcohol is a reactive substance and can be heated without 

forming acrolein (an unsaturated aldehyde also known as propenal) up to 

250 °C. The boiling point of glycerol is 290 °C and its melting point is 18.2 

°C. Its density is 1.261 g cm
-3

 and its viscosity is 1.5 Pa·s. These properties 

and its relationships with other chemicals make it a very valuable substance 

in the modern world that can be applied to almost every industry. 

 

 

 

 

 

 

 

 

 

Figure 15 Glycerol 

sample. Source: 

projectsday.hci.edu.

sg 
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4. Project Objective 

  

The first objective of this project is to design, develop and test a Biodiesel Feedstock Pre-

treatment Station prototype where waste bio-oils are pre-cleaned before being sub ministered to a 

biodiesel processing plant. The greater the reduction of water and organic debris from the 

feedstock available by utilizing our filtering devises proposed, the higher quality Biodiesel will 

be produced in accordance with ASTM standards and regulations. The second objective is to 

show a simple method of reducing dependency on fossil fuels. And third but not last we focus 

our application as a clear example of reducing undesirable gas emissions by transforming a 

common waste stream into energy source, in short, recycling. 

 

 

 

5. Conceptual Design 

 

        There are at least three operations which are indispensable when 

processing waste vegetable oil in order to convert it into feedstock for 

the production of Biodiesel. Any waste oil purification will carry some 

type membrane filtration. It all depends on the specific type’s oil being 

filtered in order to know at what step in the process the filtering 

membrane will be located or the micron size specifications of the 

membranes or even how many filters will be needed. Filtration by 

capturing debris as a fluid flows through a membrane is a very cheap 

and efficient method of purifying a saturated fluid. In our case, the 

action of stagnation or sedimentation of the fluid as a whole for some 

time before the cleaning process saves plenty of work and energy. At times half the battle is won 

when concerning how much debris and water can be removed from the treated oil when they are 

collected by way of gravity and density difference at the lowermost part of the storage tank. 

Figure 16 Storage tank 

http://biodiesel.ucsd.edu/mediagallery/media.php?f=0&s=20110818124247262&i=0&p=0
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Something else that is needed for the proper 

operation of the system is an external force which would 

create the necessary fluid movement through the already 

stated filter membranes, a pump. This mechanism would be 

located right below the storage tank unit, and to be used at 

beginning of the pre-treatment cycle. It could be similar to a mud-sucking hydraulic pump or a 

simple industrial impeller pump.  

 

5.1 Transferring heat 

 

         When preparing waste vegetable oil for biodiesel 

feedstock, viscosity of the solutions can be a great factor 

of how fast and efficient debris is removed and, or 

humidity is dissipated from the oil. Viscosity as a physical 

property of fluids decreases when temperature is increased 

and vice versa. This control on the resistance to flow can 

be very important. A very common method used to clean 

highly saturated engine lubricants which can be applied into the production of suitable biodiesel 

feedstock is to heat or increase somehow the temperatures of these fluids before filtering through 

membranes or before putting the fluid through industrial centrifuges for a more efficient 

separation of debris and oil. Organic waste oil could also be positively affected by any increase 

in heat, specifically in the waste oil most commonly known as brown grease, where viscosity is 

inconveniently high. A negative aspect of this heat addition into the process of treating waste oil 

for feedstock is the expense increase; energy would have to be consumed in order to transform 

new energy. The action of increasing the temperature of the fluid at the receiving storage tanks 

can be implemented by either an oil resistant electric resistance which would emit heat into the 

fluid. Another method of significantly increasing the temperature could be by implementing 

solar cells where the thermal energy of the sun would directly heat the oil at an external loop. 

These two methods could also work in tandem due to weather conditions. 

 

Figure 18 Electric heater (grabcad.com) 

Figure 17 Pump (javelin-teck.com) 
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5.2 Centrifuge dependency 

 

         Another alternative design will comprise only the use of an industrial like centrifuge unit. 

The waste vegetable oil will travel through this as many times as it would be required until the 

feedstock specifications are met. Knowing that without a filtering membrane available in the 

system, if very saturated waste oil comes about, then the cycles through the centrifuge could 

increase significantly. This could very well occur when processing brown grease. A centrifuge 

would also utilize a significant amount of energy although it would be cost well spent due to its 

importance and skill in separating water and oil. 

 

5.3 In-line filtering 

 

         A very simple and straight forward design would be comprised of several filtering stations 

placed in line the system loop, this filtering might still need recycling through the in line filters a 

repeated amount of times. Four or even a set of five filtering membranes could be implemented 

for debris removal. An oil and water separator filter housing could be very much important to 

add in these series of filters at the preliminary section when the fluid first leaves the tank. This 

dependency on filter membranes could leave out the use of the centrifuge and its energy 

expenditure. Humidity presence in the feedstock could be a negative factor if this alternative 

design is used due to the lack of a centrifuge presence, which is a devise so proficient in the 

separation of water and oil, membrane filtering as it is might not be enough if the waste oil 

encountered is highly emulsified. 
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6. Proposed Design 

         Our proposed design begins as the raw material to 

be processed into biodiesel feed stock is first acquired. 

This waste vegetable oil we are focusing on could 

come in any condition possible, any amount of organic 

debris or any level of emulsification, therefore the 

preliminary steps of our design has to emphasize on the 

major debris and humidity removal of the fluid when is 

first obtained. 

Biodiesel feedstock has many intricate 

specifications on its contents. Yellow grease for 

example, a very common raw material in the 

production of Biodiesel brings with it high 

concentrations of burned organic particles and a varied 

mixture of cooking sauces and condiments. Brown grease on the other hand is the less 

cooperative of the residual oils in the waste vegetable oil family. By having a much higher 

density than yellow grease, it is also heavily mixed with great amounts of bio-solids, creating of 

it a very high viscous fluid, almost sludge like molten grease. 

 

6.1 Macro Filtration 

 

          The storage tanks where this yellow and, or brown grease will be received will be adapted 

with a mesh like filter at the pouring aperture where the major residual solids will be captured 

before entering the tanks. This removable screen or metal mesh will be subject to periodic 

cleaning every time a new load of waste vegetable oil is received and dumped into the storage 

tanks. 

 

6.2 Temperature Increase 

 

         The increase in temperature of the raw material before transferring or cleaning saves time 

and work when obtaining a quality product that is well suited for Biodiesel processing. By 

Figure 19 Proposed Pre-treatment Plant 
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implementing an electric heater, more specifically what is commonly called an oil pan heater, 

which is resistant to oils and immersing this component into the fluid content through the upper 

aperture of the storage tank, sufficient temperature increase will be available for the WVO to 

decrease its viscosity. Debris will more rapidly disconnect from the oils and drop to the bottom 

of the tank facilitating a better sedimentation process. Temperature increase shall be no greater 

than 120 degrees Fahrenheit; this is because the oil cannot be even more saturated than what it 

already is. By increasing temperatures in the component we are seeking to just reduce the 

molecular sizes of the oils for better filtration.  

 

6.3 Stagnation Process 

 

         After the oil in the tanks it stays for some hours allowing a stagnation process to occur 

where most of the solids which are still in the solution accumulate at the very bottom of the tanks 

together with most of the free water which might be present. The receiving tanks will be 

segmented on the inside in order to keep turbulent flows in the fluids as the oil are introduced or 

removed from the tank. The tanks shall have available a drainage valve at the very bottom where 

excess free water and debris would be removed after the stagnation time is finished. Through this 

valve, which size has not been determined, but has been chosen as butterfly valve, the solution 

will be drained while visually inspecting the fluids. At a higher level another drainage valve will 

have to be adapted. This is where the already heated-sediment free oils will be removed from. 

These initial storage or stagnation tanks will also have available an access panel at the lower 

level where scheduled maintenance shall be performed, sort of a periodic clean up inside the 

floor of the tank. 

 

6.4 Transfer System 

 

          The desired WVO is removed from the tank at the level selected via suction. An oil pump 

transfers the product to the centrifuge. The oil pump specifications depend greatly on the type of 

centrifuge. Centrifuges are classified as either passive or active. A passive unit requires a higher 

capacity pump, an active centrifuge would not. The piping and coupling to be used has to be 

characterized with a low friction coefficient due to the WVO’s high viscosity potential. 
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6.5 Centrifuge filtration

          

Most of the humidity and the emulsified oils 

will stay in the general mixture together 

with the smaller residual organic particles. 

Using a pumping system, may be a Mud 

Sucker Diaphragm pump and a piping 

capacity of 2 inch diameter with distances 

design upon manufacture, the waste oil will 

be send into a centrifuge unit where the 

water debris will be separated from the 

waste oil. This type of filtering is most 

commonly known as inertial filtering 

systems which by centrifugal forces fluids 

are separated. 

 

Figure 20 Centrifuge Principle (www.hsproducts.com) 

1. Housing             7. Grabbing Surface 

2. Center outlet      8. Excess                  

3. Product              9. Base                

4. Blade Bottom    10. Main Outlet                

5. Inlet                   11. Vent 

6. Blade Top 

 

A centrifuge removes water and debris from the less dense oil fluid by way centrifugal forces 

exerted by its mechanical rotary system, sending the unwanted and the wanted in separate 

directions. These centrifuge units need minimal maintenance which is composed of periodic 

clean up in order to keep an efficient and proficient rhythm of operation and also prolong the life 

of the unit. 

 

6.6 Membrane filtration 

 

                  With an inlet GPM of approximately no more than 1.5 

GPM and a pressure of no more than 20 psig, the oil enters the 

filtration housing equipped with a filter membrane. This hydraulic 

like functioning filter will remove any last minuscule particles of Figure 21 Filter Membrane 

(adisystemsinc.com) 
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bio-solids which might have escaped the centrifuge unit when is aligned. The oil will travel and 

come in contact with this membrane like shells inside the filtering canisters which will trap most 

of the bio solid particles. These filters will have life span equivalent to the amount of filtering 

cycles they are subjected to. This will be the last purification step of the oil before verifying its 

readiness and sending it to the processing plant.  

 

6.7 Electrical System 

 

          The electrical power source is provided by the electrical grid, preferably 120 volts phase. 

The portable oil pan heater, the transfer pump and the centrifuge unit are to be connected at 

different locations and each of them shall have a separate circuit breaker for safety precautions. 

The electrical controls for each of these components are to be intertwined at the control room.  

 

6.8 Testing samples 

 

          While obtaining the first amounts of the cleaned oil, samples of the solution are tested for 

water and debris content. These samples are collected right away in order to verify if it’s ready to 

become feedstock oil. If the purified oil still does not pass the limits of water content or debris it 

would have to return to the startup of the station and travel through the cleaning process once 

more. The specifications for a clean oil used as feedstock for biodiesel production is no more 

than 1000 PPM of water content or 0.1 % of water in its solution approximately.  Around a 

bigger content is allowed when testing for solid particles left in the process, a value not greater 

than 5000 PPM or 0.5 %. Although after traveling through the filter housing very little debris 

will be left in the solution, the future feedstock will still have to be tested prior entering the 

processing plant. After the oil has passed its quality control testing, the feedstock is then ready to 

be supplied into the processing plant for the production of the desired biodiesel. 

            Several testing methods are of common use in the practice of biodiesel production for 

pinpointing the water and debris contents present in the oils. 
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6.8.1 Water tests 

 

            A number cheap and practical, but at times, inaccurate tests are 

common for low production biodiesel producing systems. The Hot Pan 

Test is one which with only a frying pan and a heat source, the presence 

of water no less than 1500 PPM can be determined. The tested sample 

is heated with the pan at temperatures of 300 to 400 degrees Fahrenheit. 

An observation is made at the bottom surface of the pan which meets 

the oil when the above temperature is reached. When there are no 

bubbles present at this surface, it can be said that the water content is no 

greater than 0.15 %. 

Very similar tests to the above mentioned are the Hot Spoon Tests or the Vapor Test where small 

samples of the oils are heated and the loss of moisture indicates the water content. 

             Another cheap test, which is very common in the agricultural industry, is the Weight-

Heat-Weight test. Where the suspected sample is first weight then heated to evaporate some of 

the moisture and then weight again to signal out the water loss due to the temperature increase. 

This test culminates when there is no weight difference present. At this time the water content is 

said to be from 1000 to 2000 PPM more or less. 

           Testing water content in biodiesel or its feed stocks by using chemical reagents is another 

common method being employed. The Carbide Manometer is one of 

these where Calcium Carbide is reacted into a sample of the tested oil 

which is place into a closed container attached to a manometer. When 

Calcium Carbide comes in contact with water molecules acetylene is 

liberated creating a pressure lift in the manometer which is directly 

related to the water content in the sample. The Sandy Brae Water Test 

is so far the most popular testing method in the biodiesel world. Again 

chemical; reagents are used in an enclosed and safe capsule where the 

oil or biodiesel tested is put. The reagent is Calcium Hydride and a limited amount of it with a 

selected measurement of oil is mixed in a pressure gauge equipped capsule. Hydrogen is 

liberated upon reaction and the pressure read is converted to the amount of water present in the 

Figure 23 Sandy Brae Water 

Test (Burnveg.com) 

Figure 22 Hot pan test  

(Burnveg.com) 

http://www.make-biodiesel.org/Quality-Testing/the-hot-pan-test.html
http://www.make-biodiesel.org/Quality-Testing/sandy-brae-water-test-kit.html
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oil. Due to its high accuracy and simple operating procedures, the Sandy Brae Test is our testing 

method for this present project. 

 

6.8.2 Debris Content Test 

         

        Waste vegetable oil definitely has an excess of organic particles which brings down the 

quality of biodiesel produced, hence the importance of removing any debris. Verifying the debris 

removal capabilities of the prototype is done by testing samples of the oil to be processed and 

comparing it to the oil after it exits the cleaning station.  

        The most common and affordable method for identifying the amount of organic debris 

removed is the Weight-Filter-Weight method. Using a coffee filter and a scale is all that is 

needed for the test. First a measured amount of the tested oil is filtered and the filter cloth is 

weighed. Then after cleaning the same amount of the oil is filtered and the coffee filter is then 

weighed. The difference is the debris collected. By comparing the weight of filtered oils known 

to be clean and the other WVO processed in the station we obtain a very accurate classification 

of feedstock types and the state where which the oil 

processed is exiting the prototype.  

       The sample coffee filter elements are weighted in a 

lab scale of small weight applications. The amount 

filtered is set to a standard measurement in the units of 

grams per liter and then is converted into the better 

classified PPM. 

 

 

 

 

 

 

 

Figure 24 Triple beam balance used to measure the 

weight of debris 
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6.9 Safety 

 

 Electrical sources are to be connected to a circuit breaker and an emergency shutdown 

control. 

 Heated components are to be insulated. 

 Electric pump is to be fixed to floor. 

 Oil is to be handled with assigned safety equipment: goggles, apron and gloves. 

 Each mechanical unit which is to handle oil is to be surrounded by a spill safe platform. 

 Laboratory equipment is to be identified for proper operation. 

 Correct nomenclature and regulatory documentation will be present upon operation of 

prototype. Including oil spill kit and current MSDS. 
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7. Analytical Formulation and System Analysis 

 

7.1 Plant Pretreatment sequence 

 

         In the project set forth, the biodiesel feedstock must pass through a process to become 

biodiesel with the appropriate standards which categorize this fuel for proper use in the market. 

A standard description of the treatment techniques employed by Green Bio-Fuels is summarized 

below.  

 

Figure 25 Flow diagram showing the pretreatment of used oils. Source: revistavirtualpro.com 

The feedstock, also known as the raw material, must first be collected. It will then be 

stored in a tank at ambient temperature for a certain amount of time to allow the contaminants to 
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sediment and settle on the bottom of tank for future extraction. This stage will lead to the 

elimination of most of the sediment. Sedimentation is at times accelerated by a temperature 

increase, depending on the state of the raw material.  

After sedimentation, the feedstock will be congealed or increased in thickness at a 

temperature range between -5 and -7 °C for another time frame. These temperatures are standard 

at Biodiesel treatment. During this stage, any fatty acid compound must be separated. Then, the 

percolation or filtering of the feedstock takes places which will facilitate the elimination of the 

filtered solids from the waste vegetable oil.  

Next, hot water will be added to the WVO to commence the degumming stage where 

adhesive and sticky properties of the WVO are removed, together with most of the unsoluble 

phospholipids. The gummy residues leftover will also be removed from the oil.  

          Finally, the WVO must be exposed to temperatures above 90 °C to it can dry and have the 

water that was added a couple of stages ago evaporate. Thus, drying the WVO completes the 

process to pretreat vegetable oil in Biodiesel facilities. Afterwards the oils are put on a trans-

esterification process to finalize their conversion into Biodiesel. 

 

7.2 Feedstock Pretreatment sequence 

         With the new set up for the pretreatment of oil, a much higher performance from the 

facility can be obtained, meaning this method is more effective. With the feedstock being pre-

filtered thoroughly prior processing in the plant the productivity is sure to spike up. 

 

Figure 26 Generalized treatment sequence of used oils. Source: revistavirtualpro.com 
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7.2 Basic equations that define filtration 

 

The fundamental purpose of the filtration is to obtain a fluid free from solid particles called 

filtration flow q. Since the filter flow q depends on the impulsive force in this case, a pressure 

difference -ΔP and the existing resistance R from mid filter and the deposited solids oppose the 

flow; the former can be mathematically expressed as: 

  
     

 
         

  
       

 
         

Where: 

K' = constant of proportionality. 

During the filtration, the solids are deposited over the mid filter and the thickness of the layer of 

the cake is increased. At the same time, channels or capillaries are formed between the solids 

STORAGE 

    TANK 

SCREEN 

HEATER 

PUMP 
CENTRIFUGE 

RESIDUAL 

    FILTER 

MEMBRANE

EEEE 

  BIODIESEL  

     PLANT 

Figure 27 Feedstock Pretreatment Sequence 
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where the filter flow is laminar. The resistance due to these solids is increased as well while the 

amount of filter flow decreases. 

The equation that allows quantifying the flow velocity in the channels is the Poiseuille equation 

who published, in 1842, a mathematical relation of liquid flow across a capillary: 

  
        

   
         

Where: 

q = fluid flow. 

r = capillary radius. 

(-ΔP) = pressure drop across the capillary. 

µ = viscosity of the fluid. 

L = length of the capillary. 

The importance of the Poiseuille equation and its use allows predicting the potential effect of the 

decreasing size of the capillary over the flow and in the case of the filtration over the resistance 

of the cake or residue. 

In 1856, d'Arcy described the velocity of the flow of subterranean waters on strata of the ground 

through the following equation: 

    

   

 
          

Where: 

u = fluid velocity. 

K1 = permeability coefficient of the bed. 

ΔP = pressure drop across the bed. 

L = thickness of the porous bed. 

From the practical point of view, it is more important to determine the filter flow q than the fluid 

velocity u. 

If the volumetric flow of a channel is given by: 

   
  

  
            

Where: 

dV/dt = the volume change with respect to time (volumetric flow rate). 

A = transversal area of the channel. 
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Then equation (4) is multiplied by the transversal area and the fluid viscosity is introduced as 

another resistance at the flow and it is substituted in equation (5) to obtain the modified d'Arcy 

equation: 

  
  

  
   

   

  
          

If the Poiseuille equation (3) is also multiplied by the area, it can be written like this: 

  
  

  
 

       

   

   

 
         

Grouping the constants can also be written as: 

  
  

  
  

  

  
          

Then, the modified d'Arcy equation (6) and the Poiseuille equation (8) are equivalent and the 

permeability coefficient K1 can be written as K: 

  
  

      
  
  

         

This is the first contribution of the theory to determine the permeability of the bed and it is 

measured as the quantity of the fluid that passes in the unit of time. For some materials, the unit 

of permeability is from d'Arcy. 

 

7.3 Application of filtration equations 

 

7.3.1 Determination of resistances 

 

If the permeability is the ease of the filter flow, the inverse is the resistance of the passing of the 

filter K = 1/R. 

The resistance has two components: the deposited solids α and the mid filter r. 

 

7.3.2 Resistance of the cake 

 

Equation (8) can be written as: 
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Isolating α: 

  
      

  

  

  
          

Equation (11) allows determining the permeability across the cake of the thickness L fixed,  but 

this changes continuously; if each layer is supposed to be constant, then, the product of the 

thickness L by the area A of the filtration is the volume of the deposited cake ν for the units from 

the corresponding volume of the filter. The   is the dynamic viscosity present. 

If V is the total volume of the filter, then the total volume of the deposited cake is: AL = Vν.  

Isolating L: 

  
  

 
          

Equation (12) can be substituted in equation (11): 

  
       

   

  

  
          

7.3.3 Resistance of the mid filter 

 

Sperry was one of the first to establish the filter resistance composed of two resistances in series, 

the one from the cake and the mid filter is considered and substituted in equation (13). We have: 

  

  
 

     

         
          

Applying the inverse of equation (14) 

  

  
 

   

       
  

  

      
          

Separating and integrating from t = 0 to t = t and V = 0 to V = V, 

∫  

 

 

 
   

       
∫   

 

 

 
  

      
∫  

 

 

          

From the integration of (16), a constant pressure, the time of the filter t can be isolated: 

  
   

        
   

  

      
           

Where: 

V = volume of the filter in m
3
 collected in time t in s. 

-ΔP = pressure drop in kgf/m
2
. 
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A = filtration are in m
2
. 

μ = viscosity of the filtered in kg/m·s. 

gc = conversion factor with the value of 9.81 in (kgm/kgf) (m/s
2
).   

If the time when the first drop of the filter is measured until the filtration ends, the filtration is 

obtained in a series of data that make the following graph of volume versus time. This way, t = 0 

and V = 0.  

 

Figure 28 Relationship of the filter V vs time θ. Source: 

Procesos de Separación I: Prácticas de Laboratorio, 

Laboratorio de Ingeniería Química UNAM 

 

For a filtration at constant pressure and where the variables of the process do not change, that is, 

are constant during filtration, equation (15) can be written as: 

  

  
                

 

Where: 

    
   

       
         

    
  

      
          

Supposedly, during experimentation, the determinations of collected volume have been made at 

different intervals of time, dt, when graphing dt/dV vs. V and a straight line is obtained:  
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Figure 29 Relationship of the volumetric flow 

rate vs volume V. Source: Procesos de Separación 

I: Prácticas de Laboratorio, Laboratorio de 

Ingeniería Química UNAM 

Where: 

The pending value of the straight line is K1 and the origin is K2 defined previously with equations 

(19) and (20), respectively. 

With the values of K1 and K2, α and r can be isolated, which are: 

    

         

  
          

    

        

 
          

Many determinations can be experimentally done at different pressures; this way, the variation of 

the resistance with respect to pressure can be calculated. 

Another important determination is that of the effects of compression, that is, the effect of 

pressure in the specific resistance of the cake. The correlation proposed by Almy and Lewis is 

the following: α = α0(-ΔP)
s
. 

Where: α0: specific resistance in a pressure of zero, m/kg. 

s: compressibility factor (dimensionless). 

When the value s is equal to zero, it can be said that the cake is incompressible; when the value 

is greater than zero, it can be said that the cake is compressible. 

 

7.3.4 Basic theory of the centrifuge 

 

For over than a century, centrifuge applications have been one of the most important 

unitary operations in the key processes of the industries of chemicals, pharmaceuticals, treatment 
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of effluents or waste waters, purification of combustible oils, lubricants, and suspensions in 

general. Its main functioning factors focus on static filtration. 

In the field of technology of separation mechanics, the separators and decanters are installed 

within the centrifuges are engaged for the concentration of solids, clarification of suspensions, 

and separation of mixtures of liquids with the simultaneous elimination of solids. 

Essentially, the centrifugation is a selective decanting of insoluble components of a mixture 

under the conditions of the artificial gravity and centrifugal forces. 

A great variety of centrifuges exists in varied industries of which can be classified from 

diverse forms. They are generally classified as either of active operation or passive operation. 

The first kind utilizes an internal rotary mechanical system to propel the fluid through its 

separation. The second depends solely on the fluid’s flow and speed for the separation to take 

place. Next, a more specific classification of a small group of centrifuges known as the 

sedimentary will be made taking as reference the amount of solids at the inlet of the centrifuge. 

 

Manual discharge, 0-5% of solids. 

This type of centrifuge is also known as a massif drum. The solids accumulate in the mud 

deposits and must be removed manually, stopping the machine and opening the drum. 

 

Automatic intermittent discharge, 0-30% of solids. 

These are also known as self-de-sludge centrifuges. The solids accumulate in the mud deposits 

and are expelled intermittently and automatically across the discharge orifices. 

 

Continuous discharge, 0-40% of solids. 

Within the chemical industry, they are known as nozzles. The solids accumulate in the mud 

deposits and are expelled continuously through the nozzles. 

 

Transporting screw, 0-65% of solids. 

This type of centrifuge works like a decanter. It has a completely different design from the other 

centrifuges. They are equipped with a transporting screw that allows them to discharge solids 

continuously. 

The equation for natural sedimentation of a particle is: 
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This equation is known as Stokes' law for natural sedimentation. 

To increase the velocity of the sedimentation, the gravitational force g can be substituted by an 

artificial gravity known as the centrifugal force ωr. We can deduce by analogy from equation 

(23) that the velocity of sedimentation of a particle in suspension within a fluid that gyrates is: 

   
       

   
          

This equation is known as Stokes' law for suspensions in rotation.  

If we considered that vg = x/t where the time t represents the time that the liquid is in the drum 

and it can be defined as t = V/Q where V is the liquid volume at a determined time and Q is the 

liquid flow across the drum. 

If one considers the liquid in the drum as a liquid layer of thickness s and if x is greater 

than the initial distance of the particle form the wall of the drum, the particle will be separated 

from the false liquid; from a different manner, it will stay in suspension. In an ideal system x = 

s/2, half of the particles of the diameter d will be separated from the suspension and the other 

half will not. The parameters from the system that follow Stokes' law and the second group, the 

parameters that define the dimensions of the set can also be written in the following manner: 

               

Where: 

vg = (Δρd
2
/18η)g. 

Σ = Vω
2
r/gs and Σ has the dimensions of length. 

The equivalent area Σ of a separating centrifuge is defined as the surface that should have a tank 

of natural sedimentation to give out the clarified flow (m
3
/h) equal to the centrifuge in question 

for any suspension. 

It is also possible to obtain the diameter of the particle from the previous equations. 

  √
     

   
          

With the prior fundamental, the equivalent area from the two centrifuges is related by the next 

relation. 



47 

 

 

 
 

  

  
 

  

  
 

  

  
   

  

  
              

Charles M. Amber developed corresponding equations for the different types of drum for the 

calculations of the equivalent area. 

a) Tubular centrifuge 

  
   

 

  
    

 

  
   

 

  
    

 

          

b) Centrifuge of discs and chambers 

       
  
    

 

       
          

Where: 

r1 = superior inner radius of the drum. 

r2 = inner radius of the base of the drum. 

N = number of discs, for the centrifuge of chambers N = 1. 

ω = angular velocity in radians per second. 

L = height of the drum. 

θ = 45° angle formed between the discs. 

C = 1.8, constant of the set. 

An empirical correlation that has no exact dimensions and is often utilized in the design of 

centrifuges of discs is the following. 

        
  
       

    

       
          

 

 

 

7.4 Fluid system analytical calculations 

 

This following section will focus on the theory and analytical applications of fluid mechanics 

and heat transfer for the pre-treatment system.  
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7.4.1 Preliminary specifications for calculations 

  

The preliminary specifications are using the calculations treating the biodiesel feedstock 

as water and then converting all the final results to those of waste vegetable oil. We will also 

perform the calculations and the prototype using a scale of 1 out of 10 and reduce all values to 

10% of the actual biodiesel pre-treatment plant to be built in real life. The total length of the 

piping will be 20 ft as the scaled down prototype will be placed on a cart with two levels having 

an area of 12 ft
2
 each. We will be using the energy head in terms or length units, in this case, feet 

using the Bernoulli equation and is to be discussed later. 

 Green Biofuels has certain specifications that we must follow. The in patio of the 

company the following components will be installed: 

 Two additional tanks holding 35,000 gallons (while quantities available) for storage of oil 

and Biodiesel. 

 One tank to receive oil of approximately 12,000 gallons with a conic depth sealed by 

vapor. 

 One reactor tank supplied with vapor, vacuum shaker, round depth (cylindrical) of 

approximately 4,000 gallons.  

 Plate filter. 

 Polishing filter. 

The characteristics of the oil are as follows: a specific gravity at 25 °C of 0.92, kinematic 

viscosity at 25 °C of 112.1 centistoke (which is equivalent to 1.207x10
-5

 ft
2
/s). The capacity of 

the plant is 1800 L/hr., approximately 475 gallons/hr. To determine the volumetric flow rate of 

the flow of the biodiesel feedstock, we used the quantity provided by the company which was 

1800 L/hr. and applied the common industrial velocity of 4 m/s. In English units, we used the 

following formula to calculate the pipe diameter:  

  √
  

  
          

The pipe diameter we obtained was around 0.157 inches. To be able to obtain an actual 

pipe, we increased that diameter to 0.5 inches as it is more common to find a pipe with that 

diameter. This will be our hydraulic diameter Dh. We then rearranged the previous equation to 

obtain the velocity of the water using the flow rate and the 0.5 inch diameter. We calculated a 
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velocity of 15.54 in/s.  We decided to choose either plastic or PVC piping as the material that we 

can use. The possible temp for water in these calculations is at 70 °F. In the following sections, 

we will split the calculations into two paths, one using the centrifuge and another bypassing it. 

 

7.4.2 Fluid calculations for the Centrifuge Aligned Flow 

 

 In this section we will discuss the flow of the system when considering the use of the 

centrifuge if the biodiesel feedstock contains too much water and debris. 

 

 

Figure 30 Schematic for Centrifuge Aligned Flow 
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7.4.2.1 Major Losses 

 

Losses are important in fluid systems since they determine how much energy is lost and it 

is significant in the selection of a pump for the system. The major losses are associated with the 

friction of the piping itself to which the fluid is subjected. If we decide to use such pipes made 

from plastic or PVC, we have to assume it is a smooth pipe or tubing (therefore, e = zero meters 

of pipe roughness). 

 

To calculate the Reynolds number of the flow in the piping, we used the properties of 

water, the density and dynamic viscosity at 70 °F, as well as the flow velocity using the next 

equation: 

   
   

 
          

The Reynolds number Re obtained was 5135 which is in the turbulent range. The relative 

roughness e/Dh is zero since the roughness e is zero feet. We can still disregard the relative 

roughness altogether when determining the friction factor f using the Moody diagram. The 

following table summarizes our findings regarding the Reynolds number and the subsequent 

figure shows how it was applied to the Moody diagram. 

 

Table 3 Parameters regarding the Reynolds number 

Parameter Symbol Value 

Roughness e (ft) 0 

Relative roughness e/Dh 0 

Dynamic viscosity µ (lb·s/ft
2
) 2.03E-05 

Reynolds number Re 5135.399497 
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Figure 31 Moody Diagram 

To obtain the friction factor f, we first identified the Reynolds number Re on the bottom 

horizontal axis of the diagram. The Reynolds number is a transitional one and it is easier to 

locate the friction factor using the dashed line around the 5000 marking the Moody diagram with 

a red vertical line from the Re axis upward and having it intersect the smooth piping curve. This 

indicates that when these two lines cross each other the friction factor is approximately 0.035. A 

red horizontal line was also drawing on the Moody diagram to facilitate finding the reading of 

the friction factor. 

 

Finally, we can obtain the major pipe loss in terms of energy head in feet using the following 

formula: 

       
    

    
          

Solving for the major loss yields around 0.156 ft. 
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7.4.2.2 Minor losses 

 

Minor losses are those losses (drops in energy) caused by the accessories and pipe 

fittings. All the minor losses share the same flow velocity in the pipes assuming the material of 

the pipes are all the same and does not change nor does it connect with a pipe of different 

material. The formula uses the sum of all minor loss coefficients K as shown: 

           
  

  
          

The next table shows which types of fittings and accessories are used as well as their respective 

K coefficients and the amount of each type of fitting used. 

 

Table 4 Minor losses for aligned flow 

Type Coefficient K Amount 

Gate valve 0.15 6 

Check valve (ball type) 70 1 

90° elbow (threaded) 1.4 4 

Tee (threaded, line) 0.9 1 

Square edge inlet 0.5 1 

Exit 1 1 

Centrifuge 4.5 1 

 

It is important to note that the centrifuge loss coefficient is equivalent to 6 times the loss 

coefficient of a long round 90° elbow pipe fitting. Such K coefficient is 0.75 and multiplying that 

number by 6 yields 4.5 as the centrifuge loss coefficient. 

 

Table 5 Differential pressures from filters 

Component ΔP (psi) Head loss h (ft) 

300 micron filter (primary) 5 11.54971511 

10 micron filter (secondary) 20 46.19886043 

 

To calculate the losses of the filters properly one must realize that the differential 

pressures are written in psi (pounds per square inch) and the minor losses in this scenario are in 

feet. So we must first convert the pressure readings from psi to psf (pound per square foot). Then 

we must divide the differential pressures by the specific weight to finally obtain the head loss of 

the filters. 
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As provided by the previous table, the head loss for the 10 micron filter is 46.199 ft. and 

for the 300 micron filter it is 11.55 ft. The overall minor losses come out to be about 58.177 ft. It 

is evident that most of the losses occur due to the filters. To add the total head losses, we can use 

the formula with simple arithmetic. 

                                          

Therefore, the total head loss is approximately 58.208 ft. 

 

7.4.2.3 Bernoulli equation and total system head 

 

The Bernoulli equation is a modified conservation of energy equation written in terms of 

head with units of length and it must be used to find the total system head of the fluid system. 

We will be adding the total head loss to the final energy head of the system since the flow of the 

water is moving towards it. The following equation shows this relationship: 

  

  
 

  
 

  
    

  

  
 

  
 

  
                 

The pressures p1 and p2 indicate the pressures of what will be the tanks of the raw feedstock 

and the filtered waste vegetable oil, respectively. The velocities V1 and V2 are the velocities of 

the waste vegetable oil at the surface of the fluid in both tanks. The elevations z1 and z2 

represents different heights within the tanks themselves. The elevation z1 is the height of the 

WVO in the first tank at the square edge inlet. The elevation z2 is the height of the oil at the 

surface of the oil in the second tank. 

 

Before applying the Bernoulli equation, there are some assumptions that we must first make 

keeping in mind that were are calculating the system head treating the oil as if it was water: 

1. The pressure being used in terms of head is gage pressure. 

2. Since we are calculating gage pressure and both tanks are open to the atmosphere, both p1 

and p2 are zero. 

3. The water on the topmost surface collected inside the tank is static horizontally, so both 

velocities V1 and V2 are zero. 
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After applying the assumptions and the calculated values, the total energy head of the system 

Hsys is 56.758 ft.  

 

7.4.2.4 Pump selection and types of pumps 

 

What should be done next is select a pump for the fluid system. After calculating the total 

energy head or system head Hsys, we must then find a pump with an adequate volumetric flow 

rate Q and have it coincide with the system head in a pump performance graph. The head losses 

from the filters tell how much pressure head the pump we select needs to generate. In order to 

reduce errors, we will multiply the system head and volumetric flow rate by 1.05 and such 

resulting system head and flow rate will be our design values Hdesign and Qdesign will be the flow 

rate we used initially. We applied the error factor to obtain the design energy head of the system 

Hdesign which yielded 61.852687 ft. The designated volumetric flow rate that was initially 

reduced to 10% is our design flow rate Qdesign being 0.0017656 ft
3
/s. 

Then we select an operating point on a pump curve from the design system head and 

design flow rate, the design point. The operating point will indicate our operating system head 

Hop and operating flow rate Qop for the pump. 

During the search for pumps that satisfy the design parameters of flow rate and head we 

found several rotary gear pumps and centrifugal pumps. Rotary gear pumps use positive 

displacement to moving fluids of certain viscosities through a system using gears. There a 

several types of gear pumps based on the placement of the gears such as internal gear pumps and 

external gear pumps. Centrifugal pumps use the fictional centrifugal force to covert energy from 

a source (usually a motor) to a fluid. The pumps we found to analyze were as follows: 

 DAYTON Rotary Gear Pump, Cast Iron, 1/3 HP 

 BSM Rotary Gear Pump Model 8 

 BSM Rotary Gear Pump Model 8021 

 BSM Rotary Gear Pump Model 8022 

 BSM Rotary Gear Pump Model 8061 

 Oberdorfer Industrial Plastic Centrifugal Pump Model 142 

 Oberdorfer Industrial Plastic Centrifugal Pump Model 144 
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The DAYTON gear pumps work with oils, is bidirectional, and is protected from thermal 

overload. The BSM gear pumps have 4 vanes, reversible rotation, and work well with clean, 

lubricating liquids. The Oberdorfer centrifugal pumps can work with soap solutions and removes 

condensate. 

 

7.4.2.5 Determining pump performance 

 

In order to choose the pump needed for the system a pump performance graph must be 

used. The bottom axis of the graph usually represents the volumetric flow rate and the vertical 

axis is for the system head. At the appropriate volumetric flow rate, one can match it with the 

system head. In addition to these measurements, there are curved lines next to each other almost 

concentric near the center of the graph. These lines indicate the efficiency of the pump and the 

curves that are spaced farther away from the center have lower efficiencies than those closer to 

it. When the desired flow and system head values intersect, one must select the nearest efficiency 

curve and the point marked on that curve will indicate the operating system head and operating 

flow rate. With this piece of information, we can tell how efficiently the pump will work at the 

given flow and head. 

 

7.4.2.6 Pump performance graphs (H vs. Q)  

 

 To make the pump performance graph, first we the flow rate Q from our initial 10% 

reduction of the company specifications converted the units accordingly to gallons per minute. 

To establish the horizontal axis values, we decided to use the design flow rate Qdesign of 

0.0017656 ft
3
/s as the center of the axis and then multiplied that magnitude by increments and 

decrements of 10% so it can extend from 0% to 200% of the flow rate. We did the same for the 

system head. Using that range of values, we evaluated the design system head for the vertical 

axis and generated a system curve of values Q vs. H. When searching for pumps with flow rates 

and heads close to our system curve, retailers and manufactures usually provided data based on 

these parameters and we made curves to compare them with our system curve. The data is 

located in Appendix C and such curves are graphed on the following figure. 
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Figure 32 Pump Performance Graph with several pumps in aligned flow 

By inspection, we notice how the plastic centrifugal pump curves are the ones that 

behave the most similar to the design values of system curve. It will be beneficial to see this part 

of the graph up close and decide which pump is better or worse than the other with respect to the 

design point (the design flow rate and system head). The next graph shows this information. 
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Figure 33 Pump performance graph in aligned flow 

In this graph, we see the design point of the system curve and how close the pumps 

perform. When comparing the Oberdorfer plastic centrifugal pumps, their performance is almost 

the same. At this point, we must now take into account the fact that we are using water as the 

fluid in our calculations rather than waste vegetable oil. If this were not the case, we can choose 

which of the two pumps is more convenient for this project. Anyhow, we must now find 

correction values to convert the design values to correspond to waste vegetable oil. The next 

section will focus primarily on this process. 

 

7.4.2.7 Transition to oil properties  

 

The purpose of converting the design values of the flow rate and total system head is to 

change the properties of the fluid from water to waste vegetable oil. This is evident when trying 

to calculate the minor losses belonging to the pipe fittings. The minor loss coefficients where 

derived using water properties. In this situation, we can rely on a viscosity correction graph 

where we can use the design flow rate, system head, and the waste vegetable oil kinematic 

0

10

20

30

40

50

60

70

80

90

100

0 0.5 1 1.5 2

Sy
st

e
m

 E
n

e
rg

y 
H

e
ad

 H
 (

ft
) 

Volumetric Flow Rate Q (gpm) 

Pump Performance Graph in aligned flow 

PLASTIC
CENTRIFUGAL
PUMP MODEL 142

System Curve

PLASTIC
CENTRIFUGAL
PUMP MODEL 144



58 

 

viscosity. We also made sure to convert the units to properly use the graph. Such parameters are 

listed on the next table. 

 

Table 6 Parameters to locate in correction graph for aligned flow 

Parameter Symbol (unit) Value 

Design energy head  Hdesign (m) 18.76255955 

Design volume flow rate Qdesign (m
3
/h) 0.179 

Kinematic viscosity of oil ν (mm
2
/s) 112.1 

 

The viscosity correction graph provides several coefficients that can be used to 

recalculate our design system head and flow rate with the properties of the next fluid. A marked 

viscosity correction graph is shown next to demonstrate how we determined these coefficients as 

it is not an ordinary graph. To be able to effectively read this correction graph, we must first use 

the values of flow rate and locate it on the horizontal axis in the graph (at the bottom section of 

the following figure). Next we have to make a line vertically upward until it intersects a diagonal 

curve that matches that of our design head. Then we look horizontally (either right or left) and 

make a horizontal line that intersects another diagonal line that reads the viscosity of the fluid to 

which the design system head and flow rate must be converted. Finally, we mark another vertical 

line upward until it intersects all three correction coefficient curves. We use the upper vertical 

axis to read the values where the intersections occur. 
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Figure 34 Viscosity correction chart 

 On the graph, the path made by our flow rate from the previous table is colored red. The 

system head and viscosity are marked light blue to clearly show where the red path makes turns 

and finally leading us to the correction factors. The head correction factor is 0.88 and the flow 

rate correction factor is 0.55. These factors are listed in the following table. 

 

Table 7 Correction factors from water to oil 

Parameter Symbol Value 

Head correction CH 0.88 

Flow rate correction CQ 0.55 
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 With these correction factors, we can multiply them to their respective water 

counterparts. Since these factors are less than 1, the expected system curve will have lower 

values compared to the former. This is evident as shown on the following graph of the corrected 

pump performance. The parameters that make this updated system curve are available in 

Appendix C. 

 

 

Figure 35 Corrected pump performance graph in aligned flow 

 We can also observe that when applying the correction factors, the design parameters 

where changed as well. The corrected values, as seen in Appendix C, are approximately 52.67 ft 

of head Hdesign,c and a flow rate Qdesign,c of 9.71x10
-4

 ft
3
/s. 

 

7.4.2.8 Cavitation prevention  

 

 To prevent vapor bubble formation due to cavitation erosion, we must calculate the Net 

Positive Suction Head NPSH. A significant measurement in this case would be the Available Net 
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Positive Suction Head NPSHa of the system in relation to the Required Net Positive Suction 

Head NPSHr of the pump. The available suction head is given in the next formula. 

      
  

 
    ( 

  

  
     )

  

  
 

  
 
         

 To prevent cavitation, the available suction head must be greater than the required. The 

required suction head is given by the manufacturers. This relation is shown on the following 

formula. 

                     

The parameters that make up the equations are given on the next table.  

 

Table 8 Values to determine the available net positive suction head and given required suction head 

Parameter Symbol (unit) Value 

Vapor pressure Pv (psf) 2063 

Elevation between pump and tank zs (ft) 0 

Length of pipe until pump L (ft) 1 

Available Net Positive Suction Head NPSHa (ft) 14.6121183 

Corrected Available Suction Head NPSHa,c (ft) 12.8586641 

Required Net Positive Suction Head NPSHr (ft) ~ 0.083 

 

 It is important to mention that the minor loss coefficients used equations take into 

account all the fittings from the feedstock tank to the pump. Then, there must be a change of 

properties of the available suction head to those of waste vegetable oil which will take the form 

of the Corrected Available Net Positive Suction Head NPSHa,c. As always, we multiply the 

corrected available suction head by the error factor 1.05 which yields approximately 12.86 ft. We 

were informed by the manufacturer that the Required Net Positive Suction Head NPSHr for both 

pumps is about 1 in. which means the pumps will not cause cavitation. This suction head is 

minimal due to the fact that the pumps are centrifugal and not self-priming. Now we can decide 

whether to use the Oberdorfer Plastic Centrifugal Pump Model 142 or 144. We can freely choose 

either one so we chose Model 144 since it was easily available. 
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7.4.2.9 Operation parameters  

 

 Using the curve for this pump relative to the system curve will allow us to pick the 

operating flow rate and system head, meaning the actual parameters to be used when testing the 

prototype. 

 To choose the operating parameters, we can select the range of the pump curve starting 

from the position of the corrected design point on the system curve. To set this regime, first we 

consider that probability if we need maximum head despite of flow rate, we select the highest 

value on the pump curve vertically aligned to the design point. Inversely, we can choose the 

rightmost value on the pump curve relative to the design values. That is, if we want the 

maximum possible volumetric flow rate, we pick the value on the pump curve that is horizontally 

aligned to the design point. If we choose a more regulated performance, we can select a point on 

the pump curve that is in between those two extremes, typically located by making a line starting 

from the design point 45 degrees from the horizontal axis that ends when it makes contact with 

the pump curve. The following figure shows these cases marked with green dots of darker 

shades. 

 

Figure 36 Operating regime in aligned flow 

 Needless to say, we can choose can point along the pump curve between the two extreme 

cases (the operating regime) as they are all operating points. It only depends on how the fluid 
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system will be used that influences that decision. Ultimately, we chose the operating flow rate 

Qop and system head Hop of 0.00183 ft
3
/s (0.82 gpm) and 65.2 ft, respectively. 

 

 

7.4.3 Fluid calculations for the Bypass Flow 

 

 In this section we will focus on the flow of the system using a bypass when the use of the 

centrifuge is not required due to cleaner biodiesel feedstock received from the suppliers. For this 

scenario, the changes start from the minor loss calculations. This is significant as the exclusion 

and inclusion of certain fittings, filters, and centrifuges can redefine our previous calculations 

and our pump must satisfy both scenarios. 

 

 

Figure 37 Schematic for Centrifuge Bypass 
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7.4.3.1 Minor losses, total head loss, and total system head 

 

 What changed here were some of the minor loss coefficients, specifically the threaded tee 

fitting now having a branch flow, the omission of the centrifugal minor loss, the absence of one 

gate valve, and the addition of a fifth 90 degree short elbow. The following table lists these 

changes. 

 

Table 9 Minor losses for bypass flow 

Type Coefficient K Amount 

Gate valve 0.15 5 

Check valve (ball type) 70 1 

90° elbow (threaded) 1.4 5 

Tee (threaded, branch) 1.9 1 

Square edge inlet 0.5 1 

Exit 1 1 

Centrifuge 4.5 0 

 

Everything else stayed the same and we can use the same formulas as before. The total head loss 

this flow is approximately 60.3 ft. Our total energy of the system came out to be about 58.85 ft. 

 

7.4.3.2 Bypass design parameters and pump performance 

 

By applying the 1.05 error factor to the design head Hdesign, it yielded about 61.79 ft. The 

design flow rate remains the same as in the previous case. We made the same range of values as 

before to create a system curve for this type of flow. The values are located in Appendix C. 

There is little change with the pump performance graph for the centrifuge-aligned flow and the 

bypass flow. So we will focus on the pumps that behave the closest to our system curve being the 

same two pumps discussed earlier. 
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Figure 38 Pump performance graph in bypass flow 

This graph shows the same relation as before. Now we must use the correction graph to apply the 

properties of waste vegetable oil. The next table the parameters needed. 

 

Table 10 Parameters to locate in correction graph for bypass flow 

Parameter Symbol (unit) Value 

Design energy head  Hdesign (m) 18.834 

Volume flow rate Q (m
3
/h) 0.179 

Kinematic viscosity ν (mm
2
/s) 112.1 

 

Using the same method as before, we obtained the same correction factors as in the aligned flow. 

Now we can make the graph of the pump curves relative to the system curve. 
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Figure 39 Corrected pump performance graph in bypass flow 

Our corrected design flow rate Qdesign,c does not change while our corrected design head 

Hdesign,c came out to be 54.75 ft. With very little change, we can definitely use the same pump 

model as before. In the case of cavitation, the available suction head remains the same as in the 

previous flow because the changes of this flow do not affect the minor losses present in the net 

positive suction head calculations. 

 

7.4.3.3 Bypass operation flow rate and head  

 

By applying the method of the extreme cases for the operation parameters, we can choose an 

operating point anywhere along the pump curve of Model 144. 
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Figure 40 Operating regime in bypass flow 

As we can see, there is almost no change in the operating regime. Our operating head and flow 

rate will be the intermediate operating points 65.2 ft. and 0.82 gallons per minute, respectively. 

 

7.4.4 Final fluid calculations for the Centrifuge Aligned Flow 

 

During the manufacturing of the prototype, we were able to make some changes with the 

original design, mostly involving pipe fittings. These calculations are alternate versions of the 

original ones and most closely resemble the real prototype. First, we will look at the aligned flow 

calculation changes. 
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Figure 41 Schematic for final prototype 

For this flow, we reduced the amount of fittings so the system would have more space 

available in the cart and would not seem cluttered. We also decided not to include the flow of 

biodiesel feedstock through the 10 micron filter. 

 

Table 11 Minor losses for final calculations in aligned flow 

Type Coefficient K Amount 

Gate valve 0.15 1 

Three-way ball valve 0.05 1 

90° elbow (threaded) 1.4 1 

Square edge inlet 0.5 1 

Exit 1 1 

Centrifuge 4.5 1 

 

These changes yielded a total head loss of only 12.18 ft. while the total system head was 

10.73 ft. Using the error factor, our design system head was 11.27 ft. Our design flow rate is the 

same as the original prototype, 0.789 gpm. Then we converted the units to match those of our 

viscosity correction chart with the only difference being the design energy head of 3.43 meters. 

So we obtained the following correction factors: 
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Table 12 Viscosity correction factors for final fluid system 

Parameter Symbol Value 

Head correction CH 0.82 

Flow rate correction CQ 0.41 

 

Making the usual system curve, we obtained a different looking graph. 

 

 

Figure 42 Corrected pump performance graph for final aligned flow 

Apparently the exclusion of the second filter was indeed significant to the change of the 

system head. The positive suction head had minimal changes. 
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Table 13 Calculations for suction head in final aligned flow 

Parameter Symbol (unit) Value 

Vapor pressure Pv (psf) 2063 

Elevation between pump and tank zs (ft) 0 

Length of pipe until pump L (ft) 1 

Available Net Positive Suction Head NPSHa (ft) 14.5973316 

Corrected Available Suction Head NPSHa,c (ft) 11.9698119 

Required Net Positive Suction Head NPSHr (ft) ~ 0.083 

 

Now we will look at how the bypass flow has changed. 

 

7.4.5 Final fluid calculations for the Bypass Filter Membrane Flow 

 

This flow included more gate valves and elbows and excluded the centrifuge. Furthermore, both 

filters were used in this flow type. 

 

Table 14 Minor losses for final calculations in bypass flow 

Type Coefficient K Amount 

Gate valve 0.15 3 

Three-way ball valve 0.05 1 

90° elbow (threaded) 1.4 5 

Square edge inlet 0.5 1 

Exit 1 1 

 

The total head loss for this flow was 58.42 ft. so the design system head became 59.82 ft. 

By inspection, we see that these values are closer to those of the original design. Therefore, the 

system curve and the pump performance graph will also look similar. 
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Figure 43 Corrected pump performance graph for final bypass flow 

The positive suction head barely changed from the original. Since the pump satisfies both 

flow types, we can still use the pump we had in mind, the Oberdorfer Plastic Centrifugal Pump 

Model 144. Therefore, our operating parameters will still be 65.2 ft and 0.82 gallons per minute. 

We will use these operation values for both the centrifuge aligned flow and the bypass filter 

membrane flow since both operating regimes share those values. 

 

7.4.6 Thermal Effect 

 

                    As it was stated before vegetable oil’s boiling point ranges in the 300 degrees 

Fahrenheit a temperature which will not be reached throughout the treatment of the feedstock. 

This will only saturate the oil decreasing its properties for quality biodiesel production. The 

increase in temperature takes place only to accelerate the sedimentation process and to decrease 

WVO’s dynamic viscosity for transferring purposes. The holding or sedimentation tank is the 

base point of the temperature increase. The heater element is introduced into the WVO inside the 
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tank and raises the temperature to a varied 140   to 160   . The more temperature it is 

maintained without increasing the heat from the heater the greater the efficiency of the feedstock 

treatment as the sedimentation takes places. Insulating the tank maintains the temperature and 

serves as safety instrument while operating the system.  

 

 

Figure 44 Fluid temperature at the center of the tank 

 

 

 

Figure 45 Fluid temperature at inner surface of tank 

 

 

Figure 46 Infrared Thermometer 

 

Table 15 Material Thermal Values 

Material 
Thickness 

(inches) 

Thermal Conductivity 

(Btu/(ft.hr.
o
F)) 

Thermal Resistance 

(R/Btu) 

Measured temperature 

(°F) 

WVO 5.437 0.162 1.479 140 - 160 

Low Carbon Steel 1/8 24.85 0.129 x 10
-
³ 135 

Paint Coat 1/16 0.144 0.011 135 

Fiber Glass 1 0.023 13.573 75 
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7.4.6 Sedimentation Tank Heat Transfer 

  

The heat transfer analysis in the sedimentation was done assuming the fluids inside the 

tank stayed stagnate therefore conduction of constant heat flow per unit area to the cylindrical 

surface of the tank is our main analytical focus. It is clear that the cross-sectional area through 

which the heat flows stays constant in our application consequently the main objective is to 

determine how to reduce the heat flow via applying an insulation material which would maintain 

a low heat transfer rate. An insulation application similar to the sedimentation tank was taken 

into account for applying the insulation to the tank, water heaters. Water heaters inside 

temperature in household applications are significantly increased and they are completely 

insulated for safety concerns and also to maintain as much of the heat in the system. By 

following their design a one inch fiberglass insulating cover was installed around the 

sedimentation tank and around the product collection tank. With an inside tank surface 

temperature of approximately 140 degrees Fahrenheit and a room temperature of 75 degrees and 

a total material resistance to heat flow of 13.57 R/Btu a heat transfer rate of 4.79 Btu was 

estimated.  

 

  
     

      
         

      

Figure 47 Tank and Insulation Cross Section 

 

In the formula above, Rtotal is the total thermal resistance of the materials. The coefficient 

k is the thermal conductivity and   and    are the outside radius and inside radius of the cylinder 

analyzed, respectively. In order to obtain the heat transfer rate, the sum of the thermal resistance 

Tank outer surface 

Insulation outside Surface 
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was taken into account, even though the resistance for the tank material was negligible due to its 

low value together with the extra paint coating applied to the tank. 

 

            
 

    
   

  
  

       

 

                                

 

The interface temperature in the tank which is the temperature of the tank surface below 

the insulation was calculated to be around 135 degrees. Making as it was stated above the 

temperature drop across the tank material too low to consider placing more importance in the 

fiberglass insulation. 

       ̇              
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8. Software modeling 

 

        Every major component in the system selected for the prototype assembly was drawn using 

SolidWorks in order to verify correct positioning in the station and also to simulate 

independently the static stress.  

 

 

Figure 48 3D CAD model of Biodiesel Feedstock Pre-Treatment Station 
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9. Major Components 

 

        The service we are providing to Green Biofuels is almost in its entirety a macro-

mechanical, fluid cleaning station, with of course a combination of simple controls in order to 

effectively operate the equipment. The components which stand out in the design are important 

for their indispensability and uniqueness. Below is a description of them. 

  

9.1 Holding Tank 

 

                    This component could also be termed sedimentation tank. These tanks will serve as 

the receiving containers for all the raw material that is first acquired to the company. These 

recipients allow a place for the WVO to be slightly heated, and it is used to sediment most of the 

debris and water. It consists of a high capacity metal cylindrical container, vertically elongated, 

of a diameter and height of industrial proportions. The tanks themselves have already been 

attained by Green Biofuels and have been awaiting use.  

The tanks are segmented on the inside. Each of its ballast compartments has 

communicating apertures with each other. Two draining ports have to be adapted into the tanks 

in order to remove one, the unwanted water and solids accumulated at the bottom and two to 

collect the usable first stage WVO right above the section with the sediment. 

 

9.2 Oil Pump 

 

          This electric motor-driven or pneumatic driven pump transfers 

the second stage WVO from the holding tanks towards the centrifuge 

unit. For the most effective transfer of fluid a diaphragm pump is the 

best option. Although the common centrifugal type hydraulic pumps 

are as efficient for this application, just more delicate. Some already 

exiting types of pumps have come to light, units that are commonly 

used in similar applications. For example a mud-sucking pump, 

designed for variable viscosity fluids, is a diaphragm type. 

Figure 49 Mud-sucking Pump 

(waste-corp.com)   
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         How powerful the pump is depends on the piping distance and the head elevation that 

follows. It is also depended on if the type of centrifuge being utilized in the loop. This last point 

will be analyzed in the centrifuge description. In the figure to the right we present a possible unit. 

 

9.3 Centrifuge  

          

This filtration mechanism is our principal method 

for separating the product from the water and bio solid 

particles mixed within the oil. A centrifuge unit could be 

classified in two types, a passive centrifuge or an active 

centrifuge. The so called passive type depends solely on 

high flow strength through its cavities, meaning that the 

flow itself is what produces the centrifugal action which 

separates heavier matter from lighter ones. For this 

application of centrifuge the transfer pump has to be of 

higher potency, because the separation of the debris in the centrifuge is directly related to the 

output capacity of the oil pump.  

           

An active centrifuge will be assembled with its own rotating motor; giving an extra push 

to the flow force therefore this design does not require a high potency pump, just enough force to 

have the fluid reach the centrifuge. An example of an active centrifuge unit very commonly used 

in biodiesel application is shown in the figure to the right. 

 

 

 

 

 

 

 

 

Figure 50 Active Centrifuge (kyte-

centrifuge.com) 
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10. Structural Design 

10.1 Holding Tank Strainer 

          This important component is preferably of soft and light mesh metal 

which makes it allowable to be easily removed and installed with the upmost 

simplicity. It also needs continues maintenance hence its simple handling. We 

show a design of this filtering screen in the figure to the right. 

 

10.2 Piping 

          The big challenge in this WVO pre-treatment station is placing the holding tank and its 

transfer pump as close as possible to the centrifuge. The tanks themselves, due to their height, do 

not fit in the building where the centrifuge is certain to go, the same location where the biodiesel 

processing plant is. Piping and the respective couplings are going to be accommodated between 

the two important sections of the design. There is also a height lift to be taken into account 

before the piping reaches the centrifuge.  

 

10.3 Electric Heater Element 

         This is a portable Electric heater or an Oil pan heater which is placed into the oil at the 

storage tank while sedimentation is occurring. It slightly increases the temperature of the oil, 

facilitating a more effective sedimentation process. It has to be of easy handling in order to 

enable its installation and removal from inside the tank. 

 

10.4 Filtering Membrane 

         This smaller micron-membrane filter catches any small debris which escapes the 

centrifuge. The higher the quality of the feedstock being delivered to the plant the higher the 

quality of the biodiesel produced. Fuel varies in prices often due to its refined treatment. A clean 

biodiesel with no debris is highly regarded in the fuel markets for its high combustibility. 

 

10.5 Control Panel 

          The transfer pump is operated from a local control panel and from the plant’s control 

station. Its respective electrical circuit and connections work in this process. 

Figure 51 Screen 

(wzjdc.com) 
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11. Prototype System Description 

The reduction of the size scale from the plant design to our proposed prototype is 

significant. Every component reduced is compact not only in size but also in its capabilities. The 

prototype built is a very accurate duplication of the industrial setup proposed for Green Biofuels. 

 

11.1 Holding / Sedimentation Tank 

The holding tank or sedimentation tank in the prototype serves the same purpose as in the 

industrial plant design. It facilitates sedimentation and it provides the pump with a constant 

prime of WVO for proper operation. It also serves as an adequate medium for the temperature of 

the fluid to be raised with the electrical heater in order to help with the sedimentation and to 

decreases the dynamic viscosity of the fluid. The raw material is to be stagnated in the tank 

depending on the mixture of the WVO. The higher the presence of water and or organic residue, 

the longer time intervals will be needed in the tank. The tank is segmented in the inside with a 

sloping platform which allows the sediments and water to easily collect at the very bottom. This 

makes the drainage of the sediments more convenient in normal operation. The pump suction 

opening in the tank is situated just above this ramp; make sure the fluid sucked is free of the 

unwanted sediment. 

 

Figure 52 Sedimentation tank 

 

Figure 53 Inside tank ramp 



 

11.2 Transfer Pump 

 

This component transfers the WVO coming out the sedimentation stage and maintains 

constant flow through the system. It is the sole source of power used to push the waste oil 

through the filters in the pipeline and the centrifuge. 

 

11.2.1 Selected Pump 

 

A smaller capacity pump is installed right below the tank. Its location ensures its prime 

for continuous suction. In most applications dealing with high viscous fluids Gear pumps are 

more convenient due to their strength and high lift capacity. For the prototype it is considered the 

small size of the loop, a common centrifugal electric pump is thought to be sufficient for the 

application. The pump is of 1.25 amp current, operational speed is 10000 RPM, and is of 120 

volt sources. Its suction and discharge openings are of 3/8 inches diameters which are adapted to 

the ½ inches diameter pipeline in the rest of the system with 3/8 to ½ adaptor fittings.  It outputs 

around 1 gallon per minute. It is very compact and light weight; this comes in handy when 

applying it to the prototype. Its manufacturer is Oberdorfer which specializes in these small but 

powerful, high speed centrifugal pumps. The pump is displayed below together with a tabulation 

of its dimensions and specs. 

 

 

Figure 54 Oberdorfer Plastic Centrifugal Pump Model 144 
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Table 16 Pump Specifications 

Amperage 1.25 Amp 

Pump Speed 10000 RPM 

Pump Electrical Feed 115 Volts 

Pump Height 5 inches 

Pump Length 9 inches 

Pump Width 4 inches 

Pump Housing Material Non-metallic Glass Reinforced Nylon 

Impeller Material Non-metallic Glass Reinforced PPS 

 

11.3 Electric Heater 

 

          The heater element was obtained from liquor distilling applications. It carries a variable 

thermostat controller which signals the element to increase in temperature at separate time 

intervals. The control scale goes from 0 to 11 and gradually heats the sample as it is controlled. It 

has an output of 1500 watt, a voltage source of 110 volt and consumes 15 amps. The element 

length drops into the tank 9 inches; this makes an easier heat transfer to the oil. 

 

 

 

Figure 55 Heater Element with variable temperature 

thermostat 

 

Table 17 Heater Scale Chart 

Scale reading Actual Temperature (F°) 

0 (off) 0 

1 100 - 120 

2 120 - 140 

3 140 - 160 

4 160 - 180 

5 180 - 200 

6 200 - 220 

7 220 - 280 

8 280 - 340 

9 340 - 420 

10 420 - 500 

11 500 – 560  



 

Figure 56 Thermostat dial 

11.4 Filtration 

 

A small passive centrifuge is in place 

right down the flow of the pump in order 

have better fluid filtration with its 

centrifugal action. In this case the centrifuge 

depends only on the flow force produced by 

the pump for its operation. The centrifuge 

unit for the prototype is shown in the figure 

to the right. 

 

 

 

 
Figure 57 Passive Centrifuge 

(bellflow-systems.com)



 

 

Figure 58 Centrifuge inside drum 

 

 

This small capacity centrifuge is not 

built for cleaning the oil at a single pass 

although if the feedstock is not too dirty a 

couple of cycles will be sufficient. The 

speed at which the centrifuge separates the 

contaminants from the oil is determined by 

both the state of the oil and by the fluid 

system force. As the rotor inside the 

centrifuge is driven by the oil squirting out 

from two small jets in the base of the rotor, a 

propulsion force is created. At normal 

operation the rotor will spin at 8000 rpm.

11.4.1 Primary filter 

 

          

 

This inline filter of simple design 

serves as a safety devise for the transfer 

pump. It is installed in the suction side of the 

pump. It covers a cleaning capacity of about 

50 microns. 

 

 

 

Figure 59 Primary filter assembly 
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11.4.2 Membrane Filter Assembly 

 

A filter membrane is available at the 

other side of the centrifuge. This serves as 

filtering the oil at finite scale. The micron 

capacity of this membrane is about 20 

microns. This filter is essential for cleaning 

brown grease.  

 

  

Figure 60 Secondary filter assembly 

 

11.5 Piping and Tubing 

 

         Instead of metal piping, the prototype is assembled with a variety of tubing and hose to 

accommodate for the inlets and outlets of the major components. From the sedimentation tank to 

the pump and from the pump to the centrifuge schedule 40 transparent rubber hose is used. It is 

3/8 inch inside diameter because of the 3/8 inch openings in the pump. This transparent rubber 

hose which withstands pressure up to 130 psi at 150 degrees Fahrenheit comes in conveniently 

and makes a good adaptation for the different size fittings utilized in the system. It is also useful 

for monitoring the fluid flow and the aeration of the system.  

        The tubing used is PVC schedule 40, ½ inch inside diameter. It is used in the majority of the 

design and is able to withstand the pressure created by the filter membrane. It is used at the outlet 

of both the filter membrane and the outlet of the centrifuge. 
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11.6 Valves and Fittings 

 

       The size and material of the valves used in the 

prototype vary for the different applications. The 

two brass ½ inch valves are attached to the 

sedimentation tank due to the high temperature 

increase they can withstand. 

      The PVC three-way valve and the PVC ½ inch 

gate valve are positioned where temperature is not 

a factor. The three-way valve separates the cycles to either centrifuge or to the filter membrane. 

 

 

Figure 62 PVC 1/2 inch Three-Way Valve 

 

 

Figure 63 PVC 1/2 inch Gate Valve

 

 

 

 

 

 

Figure 61 Brass 1/2 inch Gate Valve 
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11.7 Assembly and Supports 

 

The prototype is assembled using both levels in the transport cart. The holding tank, the 

pump, centrifuge, both filters and most of the piping and valves are in the top level. The 

collection tank and the residual material tank are both in the lower level. The cart is made out of 

a strong petroleum based plastic.  This structure serves as a firm base where the mechanical 

components are installed on and facilitates the easy transport of the model. It is mounted on four 

wheels which allow for transport. It is basically a lab cart. 

 

Figure 64 Biodiesel Feedstock Pre-treatment Station 



 

Figure 65 Close-up of Pre-treatment Station 

 

Figure 66 Side view of Pre-treatment Station

Most support components for the piping, pump, centrifuge and filtering membrane are 

fixed into the cart via bolts and nuts. The piping is fixed to avoid vibrations, just as the pump, 

centrifuge and filters. The tanks are secured in a spill proof fence, which keep them from 

capsizing and throwing off the cart. 

 

Figure 67 Support for the pump 

 

 

Figure 68 Support for the secondary filter (membrane) 



 

11.8 Insulation 

 

Insulation is present only in the sedimentation tank and the collection tank which is 

where the temperature increase takes place and hence where the heater element is installed and 

where the hot oil is collected after treatment. The pipeline is not insulated because of its material; 

PVC already serves as a temperature control medium due to insulation capabilities. The purpose 

of insulating the tank is to mainly reduce the heat supplied to the WVO by decreasing the 

amount of heat radiating from the tank. Also it serves as a safety component when operating the 

prototype creating a boundary for the high temperature radiating from the tank. 

The required thickness and material of the 

insulation is analyzed and applied using the least 

required amount of insulation in order to optimize 

its use. It covers the cylindrical surfaces of the 

tank minimizing the heat loss as the WVO is 

heated. A very accessible insulation material is 

used, Fiberglass, which is very common in 

industrial and residential applications. A thickness 

of one inch is found to be sufficient after 

analyzing the heat which escapes from the tank at 

normal operation. 

 

 

 

 

 

 

 

 

Figure 69 Fiberglass insulation 
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11.9 Prototype Accessory Materials 

 

The following table shows the list of components used in this project and the materials from 

which they are made. 

Table 18 Materials of components 

Component Material 

Ball Valve Brass and PVC 

Tanks Zinc Plated Low Carbon Steel/ Plastic 

Cart Reinforced Plastic 

Pipeline PVC 

Centrifuge Stainless Steel 

Electric pump Plastic, stainless steel, copper 

Insulation Fiberglass 

Check Valve PVC 

Three-way valve PVC 

Heating element Stainless steel/Plastic 

Electrical components Plastic/copper, Stainless Steel 

Primary filter Plastic, stainless steel 

Secondary filter Pleated paper, stainless steel 

 

11.10 Prototype System Operation 

 

         The prototype assembly is easy to maneuver being assembled on the tool cart. The raw 

material can be poured into the tank with ease and after an exact assembly of the pipeline; the 

fluid travels throughout without leakage and then is collected for future processing in the plant. 

Below is a detailed step by step procedure to follow for a safe and easy operation of the Pre-

cleaning station. 

 

11.10.1 Prototype Operational Procedure for Centrifuge Cycle 

 

1. Verify sedimentation tank is filled with oil. 

2. Verify oil to be cleaned is properly identified as per water content and debris. 

3. Verify valves 2 and 3 to be opened, three way valve to be aligned to centrifuge and valves 1 

and 4 to be closed. 

4. Verify oil temp in sedimentation tank to be no less than 130 degrees Fahrenheit. 

5. Verify heater to be off. 
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6. Verify power in panel by green light lid. 

7. Turn on system through toggle switch and check for leaks. 

8. Maintain proper prime to transfer pump. 

9. Test and compare results after operation. 

 

11.10.2 Prototype Operational Procedure for Filter Membrane Cycle 

 

1. Verify sedimentation tank is filled with oil. 

2. Verify oil to be cleaned is properly identified as per water content and debris. 

3. Verify valves 2, 4 and 5 to be opened, three way valve to be aligned towards filter housing and 

valve 1 and 3 to be closed. 

4. Verify oil temp in sedimentation tank to be no less than 130 degrees Fahrenheit. 

5. Verify heater to be off. 

6. Verify power in panel by green light lid. 

7. Turn on system through toggle switch and check for leaks. 

8. Monitor oil pressure to prevent system clogging. 

8. Maintain proper prime to transfer pump. 

9. Test and compare results after operation. 

11.11 Maintenance 

 

Other than the appropriate repairs 

which the prototype might need, a periodic 

maintenance of the filtering components is a 

must when operating this station. The 

quality of the product highly depends on the 

debris catching or moisture removing 

capabilities of the system. Below is a 

tabulated approximation of the maintenance 

requirements for certain components in the 

prototype. 

 

Figure 70 Primary Filter Debris Capture 



 

Table 19 Maintenance Estimation 

Components 

Cycles Before Cleaning Cycles Before Replacement 

Yellow 

Grease 

Brown 

Grease 

Yellow 

Grease 

Brown 

Grease 

Sedimentation Tank 10 2 ----- ------ 

Sedimentation Tank Screen 5 1 ----- ------ 

Primary Filter 3 1 Upon Damage Upon Damage 

Centrifuge 4 2 ----- ------ 

Secondary Filter 5 1 100 15 

 

11.12 Labeling 

 

        Every component in the prototype was labeled in order to reduce error while operation. 

Also some safety tags were placed on the components with high temperature. 

 

 

Figure 71 Control panel labeling 

 

 

Figure 72 Warning Sign 
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12. Prototype Testing 

 

 The Pre-treatment station model is to be tested in all aspects of the conditions set forth to 

the client. The end product should be of the specified water and debris limitations stated in the 

Testing section 6.8. The prototype is shown in its full functionality upon final presentation of the 

thesis, either directly or via recorded video. All safety procedures are seriously followed upon 

operation of prototype including the oil and the testing material which shall be handled with 

caution. Most needed attention to detail is to be given to the end product water and debris 

content, resulting this in a direct result for the actual Pre-treatment station outcome. Although the 

raw material is also tested for impurities as it is collected for classification purposes. 

            The water percentage and the debris content are tested separately for more accurate 

results. For water content testing in both the raw material and the resulting feedstock it was used 

the previously mentioned Sandy Brae water test, a method commonly used in biodiesel industry 

applications. For debris content the simple method of weight difference is the most convenient 

and practical of the procedures. Below we display the methods used for testing the results of the 

product obtained in both cleaning cycles, the centrifuge and the membrane aligned cycle.  

 

12.1 Sandy Brae Water Test  

 

          This test is as accurate as it gets when testing for water presence in oil. Below is a step by 

step procedure followed by our team when classifying and performing the quality control tests. 

 

1. Verify a cleaned surroundings prior testing. 

2. Follow all safety procedures as the kit’s MSDS. 

3. Verify the canister is free of foreign material. 

4. Pour one bag of Calcium Hydride in the small pocket of the canister. 

5. Pour 30 ml of the tested oil in the big pocket of the canister. 

6. Pour 10 ml of the reagent B in the big pocket of the canister. 

7. Close canister, relieve any excess pressure, shake and monitor for pressure increase. 

8. Follow test scales for results. 

9. If pressure exceeds 14 psi continue to range 1.5 % 
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10. Cleaned canister as per kit instructions. 

11. Pour 4 ml of the oil and 16 ml of the reagent B in the big pocket of the canister.  

12. Pour one bag of Calcium Hydride into the small pocket. 

13. Secure canister and shake. Monitor pressure increase. 

14. Follow test scales for results. 

15.  If pressure exceeds 14 psi continue to range 3 % 

16. With a cleaned canister, pour 2 ml of oil and 18 ml of the reagent B in the big pocket. 

17. Pour one bag of Calcium Hydride into the small pocket.  

18. Secure canister, shake and monitor pressure increase. 

19. If pressure exceeds 14 psi continue to range 6 % 

20. In the above locations, pour 1 ml of oil, 19 ml of the reagent B and one bag of the 

Calcium Hydride. 

21. Secure canister, shake and monitor for pressure increase. 

22. If pressure exceeds 14 psi continue to range 12 % 

23. Continue above steps with ½ ml of oil, 19 ½ ml of reagent B and one bag of Calcium 

Hydride. 

24. Secure canister, shake and monitor for pressure increase. 

25. Follow test scales for results 

 

 

Figure 73 Inside the canister 

 

 

 

 

 

 



 

 

Figure 74 Collecting 10 mL of Reagent B 

 

 

 

Figure 75 The gage reading of the test kit 

 

 

Figure 76 Range 0.15% 

 

Figure 77 Range 1.5%
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Figure 78 Range 3% 

 

 

Figure 79 Range 6%

 

12.1.1 Water content results 

 

         The Sandy Brae test was first performed on a sample of clean corn oil then the samples of 

yellow grease and brown grease were tested for classification purposes. Below are the results of 

the tests obtained with an average oil temperature of 160 degrees Fahrenheit. The amount of 

cycles needed to obtain a water content percentage below 0.1 % is described in the table. 

 

Table 20 Water content results 

Sample 
Preliminary 

Content 

Centrifuge 

Cycles 

Filter 

Membrane 

Cycles 

Content Result 

(%) 

Content 

Result 

(PPM) 

Corn Oil 0.045 % 1 ------- 0.04 400 

Yellow Grease 1.6 % 2 1 0.1 1000 

Brown Grease 0.101 % 4 3 0.7 700 
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12.2 Debris Content 

 

        The three oil samples collected were also tested for organic debris. We used the Weigh-

Filter Weigh method and the results were as it was estimated. While testing it was realized that 

the brown grease carries much more debris than the other feed stocks.  

The goal of 5000 PPM of organic debris was accomplished. Both the yellow grease and 

the brown grease debris content were reduced below the desired 5000 PPM. The coffee filter 

element used weighs 0.07 grams, around 0.00112 ounces. The standard sample was measured by 

grams per liter and then converted into PPM. 

  
 

 
                   

Both samples of WVO tested through the prototype, the yellow and brown greases were 

tested for content at every cycle through the prototype. The reduction in debris at every cycle 

was recorded together with the final result where the debris content decreased below 5000 PPM 

or 5 grams per liter. Taking this into account the results obtained are tabulated below. 

 

Table 21 Debris testing 

 

 

     The yellow grease was reduced below 5000 PPM within two cycles through the centrifuge. 

The Brown grease was reduced just below the 5000 mark to 4700 PPM within three cycles 

through the filtering membrane. At a separate filtration cycle through the centrifuge, the brown 

grease was reduced close to the same value below the 5000 PPM at no less than 5 cycles. 

 

 

 

Oil Samples 
Preliminary Debris 

Weight 
1st Cycle 2

nd
 Cycle 3

rd
 Cycle 

Corn Oil 

(Centrifuge) 
2002 PPM 2 g/L 2000 PPM ---------- ---------- 

Yellow Grease 

(Centrifuge) 

17820 

PPM 
17.8 g/L 

5806 

PPM 

5.8 

g/L 

3003 

PPM 
3 g/L ---------- 

Brown Grease 

(Filter Membrane) 
35000PPM 35 g/L 

17023 

PPM 
17 g/L 

8910 

PPM 
8.9 g/L 

4705 

PPM 
4.7 g/L 
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Table 22 Debris Final Results 

Oil Samples Filter Membrane Cycles Centrifuge Cycles Debris Results 

Corn Oil ------------ 1 2050 PPM 

Yellow Grease 1 2 3100 PPM 

Brown Grease 3 5 4700 PPM 

 

 

Figure 80 Measuring the weight of the debris content

 

12.3 WVO Classification Testing 

  

         Due to the potentially varied type of raw material collected the process of pre-cleaning has 

to also vary. If for example brown grease is treated due to its high organic debris presence and 

high emulsification, higher time frames of sedimentation and temperature treatment might be 

needed and in turn a higher number of full cleaning cycles might be required in order to obtain 

the desired feedstock. A WVO of a purer vegetable oil state might require a less time frame in 

the holding tank, less temperature treatment, fewer cycles through the pipe line and even a 

shorter cycle, meaning that the centrifuge could be enough, instead of also cycling it through the 

filter membrane. In order to classify each raw material obtained to the type of treatment it should 

go through, testing should be performed on the raw material as it is collected. 
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Table 23 Raw Material Treatment Classification 

Raw Material 
Sedimentation 

(hours) 

Temperature 

(°F) 

Centrifuge 

Cycle 

Membrane 

Filter Cycle 

Yellow grease 2 160 2 ----------- 

Brown grease 6 160 4 3 

*Centrifuge Cycle: Process where centrifuge is employed. 

*Membrane Filter Cycle: Process where filter membrane is employed. 

 

12.4 Quality Control Testing 

 

The feedstock obtained is submitted through a rigorous water and debris content 

evaluation. The testing procedures will be the same as in the classification of the raw material. 

The feedstock required content values are tabulated below. 

 

Table 24 Required feedstock content values 

Parameters Content Percentage 

Water Content Max 0.1% 

Debris Content 5000 PPM 

Free Fatty Acids Max 3% 

Sulfur 0.0015% 

                                                   *5000 PPM = 5.000 grams = 0.08 ounces 

 

13. Manufacturing 

         

           Together with the assembly of the transport cart and the piping system installation a hand 

full of other components were specifically manufactured by the project group. The main 

components such as the transfer pump, the centrifuge and the filters were purchased for final 

integration into the Biodiesel Feedstock Station. Varied examples of the manufacturing process 

were applied during the development of the following parts of the assembly. 
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13.1 Sedimentation Tank 

        

Due to the specific design needed for the sedimentation tank, our own custom tank was 

constructed with our desired specifications. The 5 gallon cylinder shaped tank was selected for 

its similarity in size to the scale size proposed for the prototype.  

13.2 Tank Cutting and Drilling 

 

 

The top edge of the tank was cut off 

for easy accessibility, then in its cylindrical 

wall of less than 1/8 inches thickness was 

drilled through to give way for the valve 

adaptors and the level indicator fittings. 

 

Figure 81 Cutting and drilling on tank 

 

13.3 Tank Brazing 

         

The pipe fittings were brazed on the surface of the tank together with the ramp plate 

inside the tank. The fittings were brazed completely insuring appropriate sealing. The ramp was 

just fixed in place at a 30 degree slope with braze points, and then the rest of the crack was 

sealed with high temperature, oil-resistant silicone. Three support pieces were brazed at the 

bottom surface of the tank. Due to the very small wall thickness of the tank, the brazing process 

required high precision and small intervals of slight heating and cooling. 
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Figure 82 Fixed sedimentation ramp 
 

Figure 83 Fitting brazing 

13.4 Tank Finish 

 

 

Figure 84 Tank finish 

 

 

After leak testing the tank it was 

thouroughly cleaned and painted for 

corrosion protection. The level indicator, the 

heater element and the inlet strainer were 

installed afterwards.         

 

 

The residual collecting tank and the product collecting tank were both easily modified cutting 

their top cover and painted for corrosion protection. 
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13.5 Strainer 

 

A recycled sheet metal mesh piece 

was used for the inlet strainer of the tank. 

Prior corrosion was removed with a metal 

brush in order to facilitate brazing. Then it 

was shaped to have as a smooth surface as 

possible by removing all dents. 

 

 

 

 

Figure 85 Strainer Plate 

 

13.6 Strainer Cutting, Brazing and Finish 

 

 

Figure 86 Inlet Strainer 

 

 

The Strainer plate was molded into a 

cylindrical shape and brazed in place. Then 

a circular piece of the same material was 

brazed in at the bottom end of the cylinder. 

The Strainer was brushed off of any residual 

metal and painted for corrosion protection.

 

 

13.7 Components Fixtures and Adaptors 

 

Centrifuge outlet base 

           The centrifuge design presented a problem when it was time to integrate it into the 

prototype due to its outlet location. From the preliminary design the outlet port of the centrifuge 

was thought to be on the side port of the component. Only when the centrifuge was received it 

was noticed that the outlet was situated underneath and this outlet port could not have a small 
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diameter hose or pipe. If the outlet port was reduced in diameter to less than ¾ inches, the oil 

flowing outward would backflow reducing the centrifuge’s production. Below is the 

manufacturer’s design where the fluid freely exits the centrifuge be gravity without pressure 

build up. 

 

Figure 87 Outlet Bottom of Centrifuge 

 

An outlet adaptor was designed and machined in order to facilitate easy exit of the fluid and to 

enable adequate transfer to the collection tank without back-flowing the product. 

 

 

Figure 88 Brazed adaptor on metal plate 

 

 

Figure 89 Sheet Metal plate prior drilling



 

 

Figure 90 Brazed Centrifuge outlet adaptor 

 

Figure 91 Outlet Centrifuge adaptor at sealing surface 

 

 

 The adaptor bracket for the exit of the cetrifuge is bolted to the cart using the four bolts 

displayed below. An aperture greater than ¾ of an inch is drilled in the cart right below the 

opening of the outlet. The piece is painted as an aesthetic value and for corrosion protection.  

 

 

Figure 92 Centrifuge Outlet adaptor 
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13.8 Pipeline 

       

The suction and drainage ball valves brazed on the sedimentation tank are of brass 

material the rest of the ball valves are of PVC just as the rest of the piping and fittings in the pipe 

system. The brass valves were brazed using a mixed metal brazing piece. The PVC was installed 

using PVC cement, a very common tool in industrial and residential plumbing. Each piece of 

piping and fitting was measured and connected following our design guidelines. 

 

13.8.1 Electrical Circuit 

       

Our electrical system is fully of 110 Volts, having the highest consumption of amperage 

from the 1500 watt electric heater then the electric pump. An electrical control box was added to 

the assembly where the circuit is organized into. 110 Volt from the power grid supply the pump 

and the heater. Two circuit breakers were placed in line to the major components, a 30 amp CB 

for the heater and a lower 20 amp CB for the pump. Each of these is electrically directed to two 

toggle switches and in turn everything is controlled by an emergency shutdown push button to 

ensure operational safety. These control components are specifically attached to the panel plastic 

cover. 

 

 

Figure 93 Assembling the control panel 

 

Figure 94 Electrical circuit in panel 

 

Below is an electrical schematic of the prototype circuit. 



105 

 

 

Figure 95 Electrical Circuit Schematic 

 

13.8.2 Assembly and component integration 

        

The pre-cleaning station has its main operation platform at the top of the cart. Component 

which are in danger of loosening or vibrating while operation takes place were fixed to the cart 

walls. The piping sequence was aligned to a standard height through the platform in order to 

follow our design criteria. For example the pump was lifted on a base pedestal in order to have 

its suction opening aligned with the sedimentation tank suction outlet. The same procedure was 

followed to ensure the centrifuge and the secondary filter had correct alignment to the piping 

system. The sedimentation tank drainage pipe and the secondary filter outlet were both directed 

to the lower platform of the cart where the drainage tank and the collection tank were positioned. 
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14. Project Management 

 

14.1 Phases of an engineering project 

  

Managing a project is a discipline itself. The main objective is to achieve the desired goal 

while honoring our customer’s (Green Biofuels) needs. In this project we employed a traditional 

project management approach. Such approach consists of five main stages: 

 Initiation 

 Planning and Design 

 Production Execution 

 Monitoring and Controlling 

 Closing 

 In the initiation stage we identified the 

scope of the project by understanding our 

customer needs in order to incorporate all resources necessary to the development of the system 

project. Research and literature survey were conducted to acquire a better insight of the biodiesel 

feedstock classification, filtration and production processes and their system components. From 

there we established our rough problem statement and identified our system main components. 

More research was conducted in centrifuge systems and their functions, filtering by osmosis, and 

in applications and features of oil purifiers and filters.  We also gathered data by research about 

the feedstock properties (yellow and brown grease), and the characteristics of biodiesel and 

glycerol. A rough timeline was also developed in this stage to start identifying activities, 

organizing the project schedule and needs. This stage is fundamental for the success of the 

project in order to be able to meet our project business needs.  

 In the planning and design stage we determined the project structure with the appropriate 

level of detail. Also, we organized the activities needed in other to construct our project timeline. 

Projecting the length of each activity and the quantity of activities organized in a logical 

sequence gave us a more accurate budget cost and expectations of the flow of work. Almost 

concurrent with the planning, we developed our first conceptual design at this stage. This led us 

to develop the “proposed design” of our pre-filtration system. After producing all the 

calculations and the complete design in place we are currently at the brink of beginning the 

Figure 96 Phases of an engineering project. 

(en.wikipedia.org/wiki/Project_management) 

http://en.wikipedia.org/wiki/File:Project_Management_(phases).png
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“production execution” phase for the second half of this project. Once all system components are 

acquired we will begin the assembly process followed by the testing of the prototype, which is in 

the “monitoring and controlling” phase of our project management plan.      

 Like any other project, we faced several constraints in the process. Identifying and 

analyzing the scope, the establishment of a considerable timeline, and the development of a 

budget that meets already established high quality standards are the primary constraints from the 

first half of this project. 

 

14.2 Prototype Cost Analysis 

 

The budget for this project was officially set with our sponsor. It is established that after 

the proposed major components are identified both teams are to proceed upon an estimation of 

the costs. Most of the major components were purchased by the student team except for the 

centrifuge which was generously donated to us by PA Biodiesel Supply who often assists 

students who are interested in their industry. In a smaller scale the prototype cost is estimated 

below. Every possible modification to the preliminary design of the Pre-treatment station was 

finalized always taking into account the most cost effective scheme. Most of the assembly of the 

prototype was performed by the student team with supervision of the advisor and the advisor 

assistant. 

 

 The step-by-step construction of the assembly was performed after purchasing the major 

components of the design. The secondary parts such as fittings, adapters, etc., were purchased as 

the assembly took its shape. The labor put in the assembly was solely done by the student team, 

no outside sourcing was needed, and hence, no need of payment of labor is shown in the 

tabulation of the cost analysis. 
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Table 25 Prototype Components Cost Estimate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.4 Timeline 

  

The following chart portraits a detailed summary of the action taken by the student team 

throughout the project development. From the initial brainstorm process of idealizing the design 

to the final assembly and testing of the prototype and its capability, the student team delegated 

the work in an orderly fashion to assure that the project was performed in a timely manner. 

Description Quantity Cost Estimate 

Tank 3 0 

Base Platform (Cart) 1 $ 120 

Primary filter (Screen) 1 $ 17.50 

Heater Element 1 $ 142 

Pump 1 $286.16 

Centrifuge 1 $ 0 

Filter Membrane Assembly & Element 1 $ 60 

Electrical Control Panel 1 $ 9 

Electrical Accessories 6 $30 

Wiring ----- 0 

PVC ½” Pipe Schedule 40 3 ft $3 

Vinyl Threaded 3/8” Hose  2 ft $10 

Fittings & Couplings 16 $50 

PVC ½” Three-way valve 1 $31 

Brass-PVC Gate valve 5 $15 

Pressure Gage fitting 1 $30 

Clean Cooking Oil 15 gal $80 

Brown Grease 10 gal $20 

Water Test Kit 1 $250 

Total Sum 12 $ 1153.66 
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Figure 97 Project Timeline 

 

15. Conclusion 

 

A quality feedstock and in safe condition for treatment in Green-Biofuels’ biodiesel plant 

is to be the culminating outcome 

from this project. The complete 

composition of the design is a clear 

example of mechanical applications 

portraying an efficient and exact 

assembly which guarantees, first, 

cleaning any type of WVO, in any 

state. Second: a transferring source, a 

medium of transfer and the Figure 98 Basic idea of biofuel. Source: www.waste-vegetableoil.co.uk 
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capability of storage as it is acquired and for collection after cleaning. Third: a method of testing 

the outcome product in order to verify its biodiesel plant usage. The design incorporates all the 

necessary steps to comply with the proposed pre-treatment of the feed stocks discussed in 

previous sections in the report. 

The Pre-cleaning Station is highly dependent on its sedimentation section. Time and 

gravity are the most important factors in this section, being that the highly saturated and 

emulsified feed stocks treated separate in their molecular compositions in a slow but efficient 

process. The heat applied in the collection tank guarantees the sedimentation process fulfillment 

and achieves an easy suction and transfer through the pipe-line. Increase in temperature is 

needed in order to reduce WVO’s high viscosity, hence reducing the feet loss in the pipe-line 

design and allowing for the utilization of less potent therefore less expensive pumps. The final 

results of the WVO cleaning show great reduction of the humidity and debris present in the oil 

after the first cycle. This result as seen in the result tables for humidity and debris extraction in 

the testing stage of the report where in just the first cycle both properties are reduced in more 

than half the original concentration. In great extent this result is due to the sedimentation period 

which the feedstock stays in the tanks at the respective increased temperature. In order to 

minimize error in the prototype design and to simulate an accurate full scale application, the 

operational prospective of the purifying station was increased to 125% operation. The fluid 

mechanics analysis for pump, filter and pipe selections in the previous sections, hold this 

increase in the proficiency of the system. The actual reduction in debris and water of the system 

to the desired marks of 5000 PPM and 1000 PPM is a general result which does meet an 

industrial scale outcome. 

              The position of the components in the prototype throughout the transport cart is not in 

the exact order as the greater scale structure. Higher capacity components would need more 

perspectives to consider such as the distance to the existing plant and the consistency of 

production required by the client. But in the general use of the system, the difference appears 

only in the use of both platform levels in the cart because of lack of assembly space. The actual 

station will be composed only of one level, horizontally constructed before the rest of the 

biodiesel plant and it will have plenty of space to accurately accommodate every mechanical 

component. The scale factor for an accurate prototype design is set at 10 percent of the greater 

structure. This assumption was set by the preliminary calculations of the piping design when the 
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standard size of 1/2 inches thorough out the pipe assembly pinpoints to a specific allowable fluid 

velocity which falls into the size estimation of the prototype. Although some 3/8 inch hose was 

used in order to incorporate the pump into the system and about a foot of ¾ inch PVC pipe was 

employed for the discharge side of the centrifuge, every other fitting, valve and tube was sized to 

½ inches. 

It is necessary to note the importance of the pressure drop in the filter assembly. Since the 

majority of the system head consists of the summation of the filter minor losses, the correct type 

of filter will ultimately decide the magnitude of the system head loss. It is imperative to learn of 

the pressure drop of the filters to estimate the type of pump needed to transfer the biodiesel 

feedstock through the pre-treatment system. The filtering membrane is essential for treating the 

brown grease samples. This result is seen when the debris content of the brown grease is reduced 

to the acceptable range of below 5000 PPM in three cycles when passing through the membrane 

and comparing to five cycles through the centrifuge.  

We must know how clean the oil is, usually from lab test results, before pre-treating in 

the station to do an efficient practice of operating it. The amount of cycles varies with how clean 

or dirty the WVO is when received from the suppliers. The dirtier the oil is, the more cycles the 

system must undergo. Thus, with more cycles, the filters and centrifuge must be cleaned 

accordingly. Due to these specific reasons, a centrifuge cycle and a membrane filtering cycle are 

separated in order to more specifically analyze each filtering component. 

From the results of the test kit, brown grease had less water content than yellow grease. 

This is understandable because the fact that brown grease is more viscous does not justify that is 

will definitely have more water. The higher viscosity is due to the high debris concentration, 

contaminants, and other impurities present. 

The results from the analytical fluid system calculations were indeed correct because 

pump was able to push the oil from the sedimentation tank through the filter membranes. There 

was also no cavitation in the pipes and hoses which proofs proper priming in the system. 

Accurately combining some traditional process with innovative technology and materials 

was the key for successfully creating this pre-treatment WVO station. The design and prototype 

assembly results exceeded the proposed marks and are an example of accurate design and team 

work. 
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17. Appendices 

 

Appendix A: Planning Sketch and Formulations 

 

 

Figure 99 Sketch 1 
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Figure 100 Sketch 2 and formulations 

 
Figure 101 Additional formulations 
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Appendix B: Fluid Calculations Spreadsheet 

 

Table 26 Excel calculations (original parameters) 

Parameter Symbol (unit) Value 

Volumetric flow rate Q (m
3
/s) 5.00E-04 

Velocity 
V (m/s) 4 

V (ft/s) 13.1233596 

Diameter 
D (m) 0.01261566 

D (in) 0.49667963 

Chosen diameter D (in) 0.75 

 

 

Table 27 Excel calculations (using the 10% scale) 

Parameter Symbol (unit) Value 

Volumetric flow rate Q (in
3
/s) 3.051 

Velocity V (in/s) 157.5 

Diameter D (in) 0.157049256 

Chosen hydraulic diameter Dh (in) 0.75 

New velocity Vnew (in/s) 6.906051291 
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Table 28 Excel calculations (Bernoulli’s principle using properties of water) in final aligned flow 

Parameter Symbol (unit) Value 

Pressure of raw feedstock P1 (psi) 0 

Pressure of filtered WVO P2 (psi) 0 

Elevation at P1 z1 (ft) 0 

Elevation at P2 z2 (ft) -1.45 

Acceleration of gravity g (ft/s
2
) 32.2 

Velocity at P1 V1 (ft/s) 0 

Velocity at P2 V2 (ft/s) 0 

Density ρ (slugs/ft
3
) 1.936 

Specific weight γ (lb/ft
3
) 62.3392 

Length of pipeline L (ft) 20 

Friction factor f 3.50E-02 

Sum of major losses Σhpipes (ft) 0.43740683 

Minor loss (90° elbow) h90° elbow (ft) 0.03645057 

Minor loss (gate valve) hgate valve (ft) 0.00390542 

Minor loss (3-way ball valve) h3-way ball valve (ft) 0.00130181 

Minor loss (300-micron filter) h300-micron (ft) 11.5497151 

Minor loss (10-micron filter) h10-micron (ft) 0 

Minor loss (centrifuge) hcentrifuge (ft) 0.11716254 

Minor loss (tee, line flow) htee,branch (ft) 0 

Minor loss (square edge inlet) hinlet (ft) 0.01301806 

Minor loss (exit) hexit (ft) 0.02603612 

Sum of minor losses Σhacc (ft) 11.7475896 

Total head loss Σhf (ft) 12.1849965 

Total energy head of system Hsys (ft) 10.7349965 

Design energy head Hdesign (ft) 11.2717463 

Design flow rate Qdesign (ft
3
/s) 0.0017656 
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Table 29 Excel calculations (Bernoulli’s principle using properties of water) for final bypass flow 

Parameter Symbol (unit) Value 

Pressure of raw feedstock P1 (psi) 0 

Pressure of filtered WVO P2 (psi) 0 

Elevation at P1 z1 (ft) 0 

Elevation at P2 z2 (ft) -1.45 

Acceleration of gravity g (ft/s
2
) 32.2 

Velocity at P1 V1 (ft/s) 0 

Velocity at P2 V2 (ft/s) 0 

Density ρ (slugs/ft
3
) 1.936 

Specific weight γ (lb/ft
3
) 62.3392 

Length of pipeline L (ft) 20 

Friction factor f 3.50E-02 

Sum of major losses Σhpipes (ft) 0.43740683 

Minor loss (90° elbow) h90° elbow (ft) 0.18225284 

Minor loss (gate valve) hgate valve (ft) 0.01171625 

Minor loss (3-way ball valve) 
h3-way ball valve 

(ft) 
0.00130181 

Minor loss (300-micron filter) h300-micron (ft) 11.5497151 

Minor loss (10-micron filter) h10-micron (ft) 46.1988604 

Minor loss (centrifuge) hcentrifuge (ft) 0 

Minor loss (tee, line flow) htee,branch (ft) 0 

Minor loss (square edge inlet) hinlet (ft) 0.01301806 

Minor loss (exit) hexit (ft) 0.02603612 

Sum of minor losses Σhacc (ft) 57.9829006 

Total head loss Σhf (ft) 58.4203074 

Total energy head of system Hsys (ft) 56.9703074 

Design energy head Hdesign (ft) 59.8188228 

Design flow rate Qdesign (ft
3
/s) 0.0017656 
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Table 30 Values for system curve (Flow rate vs. Head) for final aligned flow 

Volume flow rate Q (ft
3
/s) Volume flow rate Q (gpm) Design energy head Hdesign (ft) 

0 0 10.60470086 

0.00017656 0.078999543 10.61137113 

0.00035312 0.157999086 10.63138192 

0.00052968 0.236998629 10.66473325 

0.00070624 0.315998172 10.71142511 

0.0008828 0.394997715 10.77145749 

0.00105936 0.473997258 10.84483041 

0.00123592 0.552996801 10.93154386 

0.00141248 0.631996344 11.03159784 

0.00158904 0.710995887 11.14499234 

0.0017656 0.78999543 11.27172738 

0.00194216 0.868994973 11.41180295 

0.00211872 0.947994516 11.56521905 

0.00229528 1.026994059 11.73197568 

0.00247184 1.105993602 11.91207284 

0.0026484 1.184993145 12.10551054 

0.00282496 1.263992688 12.31228876 

0.00300152 1.342992231 12.53240751 

0.00317808 1.421991774 12.76586679 

0.00335464 1.500991317 13.01266661 

0.0035312 1.57999086 13.27280695 
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Table 31 Values for system curve (Flow rate vs. Head) for final bypass flow 

Volume flow rate Q (ft
3
/s) Volume flow rate Q (gpm) Design energy head Hdesign (ft) 

0 0 59.11350431 

0.00017656 0.078999543 59.1205573 

0.00035312 0.157999086 59.14171625 

0.00052968 0.236998629 59.17698118 

0.00070624 0.315998172 59.22635208 

0.0008828 0.394997715 59.28982895 

0.00105936 0.473997258 59.36741178 

0.00123592 0.552996801 59.45910059 

0.00141248 0.631996344 59.56489537 

0.00158904 0.710995887 59.68479613 

0.0017656 0.78999543 59.81880285 

0.00194216 0.868994973 59.96691554 

0.00211872 0.947994516 60.1291342 

0.00229528 1.026994059 60.30545884 

0.00247184 1.105993602 60.49588944 

0.0026484 1.184993145 60.70042602 

0.00282496 1.263992688 60.91906856 

0.00300152 1.342992231 61.15181708 

0.00317808 1.421991774 61.39867157 

0.00335464 1.500991317 61.65963202 

0.0035312 1.57999086 61.93469845 

 

 

 

Table 32 Pressure, flow rate, and head for DAYTON Rotary Gear Pump, Cast Iron, 1/3 HP 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 2.2 0 

20 2.1 46.19886043 

40 1.9 92.39772086 

60 1.7 138.5965813 

80 1.5 184.7954417 

100 1.3 230.9943021 
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Table 33 Pressure, flow rate, and head for Oberdorfer Plastic Centrifugal Pump Model 142 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 2.2 0 

5 2.2 11.54971511 

10 2.1 23.09943021 

15 1.9 34.64914532 

20 1.6 46.19886043 

25 1.2 57.74857554 

30 0.7 69.29829064 

35 0.3 80.84800575 

 

Table 34 Pressure, flow rate, and head for Oberdorfer Plastic Centrifugal Pump Model 144 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 2.2 0 

5 2.1 11.54971511 

10 1.9 23.09943021 

15 1.7 34.64914532 

20 1.4 46.19886043 

25 1.1 57.74857554 

30 0.7 69.29829064 

35 0.4 80.84800575 

40 0.1 92.39772086 

 

Table 35 Pressure, flow rate, and head for BSM Rotary Gear Pump Model 8 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 1.3 0 

25 1.2 57.74857554 

50 1 115.4971511 

100 -- 230.9943021 

 

Table 36 Pressure, flow rate, and head for BSM Rotary Gear Pump Model 8021 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 0.6 0 

25 0.4 57.74857554 

50 0.3 115.4971511 

100 -- 230.9943021 
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Table 37 Pressure, flow rate, and head for BSM Rotary Gear Pump Model 8022 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 1.2 0 

25 1.1 57.74857554 

50 0.9 115.4971511 

100 0.6 230.9943021 

 

Table 38 Pressure, flow rate, and head for BSM Rotary Gear Pump Model 8061 

Pressure (psi) Volume flow rate Q (gpm) Energy head H (ft) 

0 1.4 0 

25 1.2 57.74857554 

50 0.9 115.4971511 

100 0.4 230.9943021 

 

 

Table 39 Corrected values for system curve (Flow rate vs. Head) for final aligned flow 

Volume flow rate Q (ft
3
/s) Volume flow rate Q (gpm) Design energy head Hdesign (ft) 

0 0 8.695854707 

7.23896E-05 0.032389813 8.69677415 

0.000144779 0.064779625 8.699532478 

0.000217169 0.097169438 8.704129691 

0.000289558 0.129559251 8.71056579 

0.000361948 0.161949063 8.718840775 

0.000434338 0.194338876 8.728954644 

0.000506727 0.226728688 8.740907399 

0.000579117 0.259118501 8.75469904 

0.000651506 0.291508314 8.770329566 

0.000723896 0.323898126 8.787798977 

0.000796286 0.356287939 8.807107274 

0.000868675 0.388677752 8.828254456 

0.000941065 0.421067564 8.851240523 

0.001013454 0.453457377 8.876065476 

0.001085844 0.485847189 8.902729314 

0.001158234 0.518237002 8.931232038 

0.001230623 0.550626815 8.961573647 

0.001303013 0.583016627 8.993754141 

0.001375402 0.61540644 9.027773521 

0.001447792 0.647796253 9.063631786 
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Table 40 Corrected values for system curve (Flow rate vs. Head) for final bypass flow 

Volume flow rate Q (ft
3
/s) Volume flow rate Q (gpm) Design energy head Hdesign (ft) 

0 0 52.01988379 

9.7108E-05 0.043449749 52.02609042 

0.000194216 0.086899497 52.0447103 

0.000291324 0.130349246 52.07574344 

0.000388432 0.173798995 52.11918983 

0.00048554 0.217248743 52.17504947 

0.000582648 0.260698492 52.24332237 

0.000679756 0.304148241 52.32400852 

0.000776864 0.347597989 52.41710793 

0.000873972 0.391047738 52.52262059 

0.00097108 0.434497487 52.64054651 

0.001068188 0.477947235 52.77088567 

0.001165296 0.521396984 52.9136381 

0.001262404 0.564846732 53.06880378 

0.001359512 0.608296481 53.23638271 

0.00145662 0.65174623 53.41637489 

0.001553728 0.695195978 53.60878033 

0.001650836 0.738645727 53.81359903 

0.001747944 0.782095476 54.03083098 

0.001845052 0.825545224 54.26047618 

0.00194216 0.868994973 54.50253464 

 

Table 41 Corrected design parameters for waste vegetable oil for final aligned flow 

Parameter Symbol (unit) Value 

Corrected design energy head Hdesign, c (ft) 8.787798977 

Corrected design flow rate Qdesign, c (ft
3
/s) 0.000723896 

 

Table 42 Corrected design and operating parameters for waste vegetable oil for final bypass flow 

Parameter Symbol (unit) Value 

Corrected design energy head Hdesign, c (ft) 52.64054651 

Corrected design flow rate Qdesign, c (ft
3
/s) 0.00097108 

Operating energy head Hop (ft) 65.2 

Operating flow rate Qop (ft
3
/s) 0.00183 
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Appendix C: Centrifugal Pump Catalogue 

 

 

Figure 102 Oberdorfer Plastic Centrifugal Pump catalogue pg. 1 
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Figure 103 Oberdorfer Plastic Centrifugal Pump catalogue pg. 2 
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Figure 104 Oberdorfer Plastic Centrifugal Pump catalogue pg. 3 
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Appendix D: Project Components 

 

 

Figure 105 Heating Element with Thermostat 1500 W, 115 V 
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Figure 106 Instructions for Heating Element 
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Figure 107 Filter installation instructions pg. 1 
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Figure 108 Filter installation instructions pg. 2 
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Appendix E: Drawings and Schematics 

 

 

Figure 109 Pre-treatment Plant schematic centrifuge bypass 
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Figure 110 Electrical drawing of plant-layout 
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Figure 111 Plastic Centrifugal Pump 3D CAD model 

 

 

Figure 112 Isometric and top view of CAD model 
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Figure 113 Front view of assembly 

 

 

Figure 114 Top view of assembly 
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Appendix F: Receipts 
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Appendix G: Material Safety Data Sheet 

 

 

Figure 115 Material Safety Data Sheet - Reagent A 
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Figure 116 Material Safety Data Sheet - Reagent B pg. 1 
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Figure 117 Material Safety Data Sheet - Reagent B pg. 2 
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Figure 118 Material Safety Data Sheet - Reagent B pg. 3 



154 

 

 

Figure 119 Material Safety Data Sheet - Reagent B pg. 4 
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Figure 120 Material Safety Data Sheet - Reagent B pg. 5 
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Figure 121 Material Safety Data Sheet - Reagent B pg. 6 
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Figure 122 Material Safety Data Sheet - Reagent B pg. 7 



158 

 

 

Figure 123 Material Safety Data Sheet - Reagent B pg. 8 


