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The high amount of used cooking oils (UCO) represents a serious environmental problem. Its 
incorporation in the production of biofuels has advantages, namely the lower necessity of elimination as 
waste and having a renewable source. The present work was carried out in a UCO pre-treatment plant, 
through a physical neutralization process to produce biodiesel. The process-related issues of this plant 
were identified and grouped in the low yield and low quality of the product. To correctly describe and 
solve these problems, an industry-specific kaizen methodology was followed. Through this method, the 
problems were found, the causes identified and the action plans developed. 

Due to the high maintenance expenses and the bad process function caused by high impurity levels, 
the implementation of two additional raw-material filtering steps was considered. This solution was 
considered feasible after an economic analysis, with an internal rate of return (IRR) of 43 % and a 
payback time (PBT) of 2 years and 5 months. Another solution was considered: a second decanting 
step on the waste stream from the raw-materials storage tanks to reduce UCO loss and increase its 
quality. After a profitability analysis, this proposed solution was considered attractive with an IRR of 
572% and a PBT of 0.2 years (considering the additional biodiesel sale). A second scenario was studied: 
constant biodiesel production and income increase by Double Counting sales alone. This second 
scenario obtained an IRR of 105% and a PBT of 1 year. 

Key-words: Used cooking oils, kaizen methodology; physical refining; filtration, decantation. 

 

1. Introduction 

The present work is the result of an industrial 

placement in a used cooking oil (UCO) pre-

treatment plant. The pre-treatment process is 

composed of four main steps: 

A. Acquisition of raw materials (UCO) 

B. UCO reception at the plant site 

C. UCO storage and decantation  

D. UCO pre-treatment  

By applying the concepts of a kaizen philosophy 

followed by the company, a structured problem-

solving technique was used to analyse the 

process issues and propose solutions. The 

main focus of this analysis was the identification 

of the low yield and low quality causes and the 

study of potential solutions. 

1.1. Lean production and Kaizen 

Lean production was first applied in the 1950s 

in Japan through Toyota’s business 

management philosophy. In contrast with the 

then popular philosophy of mass production, 

Lean manufacturing has no fixed standards and 

thus it does not allow a small percentage of 

defect. By having continuously evolving 

standards, this type of manufacturing seeks 

zero defect. This type of production derives 

from the Japanese philosophy of kaizen or 

continuous improvement.  
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By following kaizen philosophy, continuous 

improvement is achieved through the 

implementation of small incremental changes. 

Since 1986, when the book Kaizen: The Key to 

Japan’s Competitive Success (Imai, 1986) the 

term kaizen became a popular word in business 

management theories. According to Imai 

(1997), management is set upon two 

fundamental pillars: maintenance and 

improvement. In Imai’s point of view, 

maintenance is the act of maintaining operation 

according to the established set of standards, 

while improvement stands for the elevation of 

the established standards – great elevations are 

categorized as innovations while small or 

incremental elevations are kaizen. When 

applied to management, kaizen philosophy 

translates into the definition of low risk, low 

investment, simple solutions.  

Kobetsu kaizen is a structured problem solving 

methodology that sees the identification of 

problems as the first step for improvement. 

Even though the present work focuses only on 

the first five steps, this method is comprised of 

eight defined steps: 

o Step 1: Problem selection and definition 

o Step 2: Detailed problem description 

o Step 3: Target definition 

o Step 4: Cause Analysis 

o Step 5: Action plan definition 

o Step 6: Solution check 

o Step 7: Standard definition 

o Step 8: Communication / multiplication 

1.2. Vegetable oils and biodiesel 

production 

In 1887, Rudolf Diesel patented an engine 

designed to use vegetable oils as fuel (Shay, 

1993). However, the low cost of petroleum 

derived products resulted in a different engine 

evolution. Nowadays, diesel produced from 

vegetable oils is being used due to 

environmental reasons as they represent a 

good alternative to fossil fuels due to coming 

from renewable sources.  

The high length of the triglycerides chains that 

mainly constitute vegetable oils results in high 

viscosity and low volatility. These 

characteristics cause problems in atomization 

and lubrication, making it very difficult to use 

vegetable oils directly as the engine fuel (Ma et 

al., 1999). There are several techniques to 

obtain a more efficient fuel from vegetable oils, 

the most used being transesterification: the 

reversible reaction of triglycerides with short-

chain alcohols to form glycerol and esters: 

3 +  C H O + 3  
(1.1) 

Methanol   Triglyceride                  Glycerol      FAME 
                         (oil) 

The most used alcohol is methanol due to its 

low price resulting in methyl esters and thus the 

name FAME – Fatty Acid Methyl Esters. The 

most commonly used form of catalysis is 

alkaline with NaOH, NaCH3O or KOH due to 

high yields and low costs. 

The raw oils extracted from seeds need to 

undergo a process of degumming due to their 

high phosphatide content that can cause the 

emulsification of the oil when the catalyst is 

added during the transterification. 

1.3. Used cooking oils and biodiesel 

production 

The high amount of used cooking oils (UCO) 

produced nowadays constitutes an 

environmental problem due to the difficulty and 

environmental repercussions of its disposal. To 

minimize these impacts, UCO recycling is an 

attractive alternative, especially for biofuel 

production since 2010, when biofuel 

incorporation targets were fixed by the 

Portuguese parliament through Decreto-Lei 
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n.º117/2010. In order to promote the production 

of biofuels from recycled materials, the 

government developed a double counting 

system. On top of the referred economic and 

environmental advantages of producing 

biodiesel from UCO, there is also an ethical 

argument as UCO does not compete for farm 

land, water and other agricultural resources with 

human food sources, unlike raw vegetable oils. 

 However, UCO’s properties differ from the raw 

vegetable oils that originate them due to 

chemical reactions (hydrolysis, polymerization 

and oxidation) and mass transfer that occur 

during the frying process (Bockisch, 1998). The 

higher the temperatures the higher the 

extension of these reactions.  The 

polymerization and oxidation reactions increase 

viscosity and saponification values. The 

hydrolysis reaction occurs in the presence of 

water and results in the formation of free fatty 

acids (FFA) according to the equation 1.2: 

Due to the higher content of water, impurities 

and FFA, and lower phospholipid content, UCO 

require a different treatment from raw vegetable 

oils for the production of biodiesel.  

In order to efficiently produce biodiesel from an 

alkaline transterification, the FFA content 

should be lower than 1%(w/w) (Freedman et al., 

1982) (Liu, 1994) (Canakci et al., 2001) 

(Helwani et al., 2009). This is due to the 

formation of soaps caused by the reaction of the 

FFA with the alkaline catalyst (equation 1.3). 

The soap formation decreases the biodiesel 

yield by consuming catalyst, and increasing the 

presence of soaps which increases mass 

transfer issues with impact in the 

transterification reaction and product 

purification. Given the fact that the UCO FFA 

content is usually higher than 2%(w/w), a pre-

treatment is needed. This work focuses on a 

physical neutralization pretreatment process, 

which consists of the following three main 

sections: 

o Filtration and acid washing: removal of solid 

impurities and some water soluble impurities 

through the addition of water and citric acid and 

centrifugal separation. 

o Bleaching: removal of oxidation products, 

pigments and trace metals through the addition 

and filtration of Fuller earths (aluminum, iron 

and magnesium silicates). 

o Deodorization: distillation of FFA from the oil 

at 240 - 260 ºC, 3 mmHg - 6 mmHg.  

2. Methods 

A kobetsu kaizen methodology was used to 

identify process problems at the UCO pre-

treatment plant. 

2.1. Problem selection and definition  

The problem selection is based on the 

evaluation of a problem’s relevance to the 

company. In the presented work the problems 

were identified by comparing key performance 

indicators (KPI) with standards or benchmarks. 

2.2. Detailed problem description  

In order to identify problem issues and define 

the baseline process, a strategy of process 

mapping was followed.  

Section A (acquisition of raw materials) was 

mapped through the analysis of the company’s 

acquisition logs, and by following and timing a 

specific case.  

Section B (UCO reception at the plant site) was 

divided into subsections: 

+  ⇄  +  
(1.2) 

triglyceride            water            diglyceride                 FFA 
     (oil)      

+      ⇄    +   
(1.3) 

FFA       sodium methylate     soaps         methanol 
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 Entrance: mapped through the analysis of 

the weighbridge registrations, which include 

the deliveries received per day, country of 

origin, supplier, and weight. 

 Sampling: mapped through direct 

observation and timing of processes.  

 Sample Analysis: mapped through the 

observation and timing of processes as wel 

as the analysis of the result log, in order to 

compare supplier’s infringements to the 

contracted quality values (FFA and water 

content). 

 Decision: this subsection is only valid when 

sample’s results exceed contracted quality 

values. 

 Unloading: mapped through the direct 

observation, description of the process 

steps, including distances and timings. This 

mapping was performed in three random 

separate days and through the observation 

of different operators and different kinds of 

containers. 

Section C (UCO storage and decantation) was 

mapped through the recording of the tanks first 

load, last load/beginning of decantation, first 

and second drainings of the heavy phase and 

beginning of process feed. These steps were 

recorder over the course of several weeks and 

samples were taken.  

Samples were taken from the storage tanks 

before and after draining the heavy phase. 

Samples were taken from the heavy phase after 

decantation of the tank. Due to heavy phase 

heterogeneity and high volume, in order to 

obtain representative samples, the following 

procedure was followed: 100 mL of heavy 

phase were taken every 1 min during the whole 

draining process. When the operator identified 

light phase, the draining process was stopped. 

When the process was finished the samples 

were homogenized and, in the lab, the water, 

FFA, impurity and sulfur content was 

determined.  

Section D (UCO pre-treatment) was divided 

into three subsections of washing, bleaching 

and distillation. The sections were mapped 

through direct process observation, process & 

instrumentation diagrams, layouts, mass 

balances (from registered raw material 

consumptions, registered productions, process 

parameters defined in process supervision 

programs, recurrent process control laboratorial 

analysis) 

 Washing: additionally, the mapping of this 

section required direct determination of 

mass flows (FN01 → exterior, PD07 → 

DN04, PDB06 → DN04), and requested 

laboratorial analysis (SN02→DN07, 

SN02→DN06, DN04→MN02, 

DN09→exterior). 

 Bleaching: mapping was limited due to a 

current bypass to the section 

 Distillation: additionally, the mapping of this 

section required a requested analysis of the 

stream DD01 →ED05, an energy balance 

to the distillation equipment (which included 

the recording of inlet and outlet 

temperatures, heat capacity calculations 

and steam tables consultation), and the 

calculation of the PD04 mass flow through 

the pumps characteristic curve. 

2.3. Target Definition 

For the low yield problem, the target was 

defined according to a benchmark formula 

obtained from a competing company. 

For the low quality problem, the target was 

defined according to the quality specifications 

(water and FFA content) of the transterification 

process. 
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2.4. Cause Analysis 

The potential causes were identified from the 

process mapping described in 2.2., these 

causes were grouped in Ishikawa diagrams. 

These potential cause were analysed and 

classified according to their impact on the main 

problems (low quality or low yield). 

2.5.  Action plan definition 

The proposed solutions for every potential 

cause were analysed and classified according 

to their impact, feasibility, cost and potential 

gain. The solutions with the highest 

classification were described in more detail and 

an economic analysis was performed.  

3. Results 

3.1.  Kobetsu problem solving  

The first step of kobetsu is problem selection, 

the two main problems identified in the pre-

treatment unit were low yield (when compared 

to the benchmark calculated by a formula from 

a competing company) and low product quality 

(lower than transterification process 

specifications). The second step involves a 

detailed problem description, which resulted in 

the list of potential causes presented in Error! 

Reference source not found.. The defined 

targets were 0.4 percentage point increase in 

yield and 0,3 percentage points in acidity, both 

to be achieved by June 2018. 

 

  

Table 1: List of potential causes identified during process  
mapping 

Section no Potential cause description 

Acquisitions
A1 Contracts against process specifications 
A2 CIF and EXW aren’t rejected 
A3 No rejection record 

Reception 

B1 Mandatory documents are only sent electronically 
B2 Time between arrival and unloading is too long 
B3 Flexi-bag sampling is only performed during unloading 
B4 Raw material impurity content is too high 
B5 No impurity content penalization 
B6 Possible refinery products addition by supplier 

Decantation

C1 Decantation time irregular and lower than expected 
C2 Oil losses due to slow oil detection e valve closing 
C3 Oil losses due to discarding of oil retained in piping 
C4 Oil losses due to execution of more than one draining 

Pre-
treatment 

D1 Filter FN01A/B operates without bags 
D2 Accumulation of impurities in equipment 
D3 Excessive addition of water to the process 
D4 Configuration is not optimised 
D5 Oil accumulation in DN09 
D6 Oil losses in the centrifuge 
D7 Faulty separation of the oil in DN07 
D8 Unreliable level indicators 
D9 Bleaching step bypass 
D10 Oil losses in DD01 
D11 Presence of acid in DD01 
D12 Presence of water in DD01 
D13 Absence of non-return valve between DD01 and DD06
D14 Difficulty in maintaining the vacuum 
D15 Equipment with the same name 
D16 FFA accumulation in the barometric pit 
D17 Low acidity in FFA storage container  

 

  

 

Figure 1: Ishikawa diagram (or cause-effect diagram) 
of the low yield problem.  

 

 

 

 

Figure 2: Ishikawa diagram (or cause-effect diagram) 
of the low quality problem.  
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The cause analysis resulted in the identification 

of causes per problem, as shown in the 

diagrams of figures 1 and 2. Finally, as the last 

step of kobetsu an action plan was defined and 

in order to do so, the proposed solutions were 

classified according to their impact, feasibility, 

necessary investment, and potential gains as 

shown in Table 2. The solutions with the highest 

results were named opportunity A (raw material 

filtration during unloading), opportunity B 

(second decantation of the drained heavy 

phase from UCO storage tanks at high 

temperatures), and opportunity C (installation of 

a steam trap in the inlet stream of DD01). Due 

to its low investment and extremely accessible 

feasibility, opportunity C was not studied in 

more detail, instead it was implemented still 

during the course of this project. 

Table 2: Scorecard for the classification on the proposed solutions  
(●, +, ++, +++ represent a classification of 0 through 3 for the overall score calculation,  

investment score is multiplied by a factor of f1 = -1, and gains by f2= 2). 

Description of the Proposed Solution 
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Search for new suppliers A1 + ++ ● + 5 
Efficient homogeneization of raw materials A1 + ++ ● + 5 
Elaboration of new contracts including rejection for CIF/EXW acquisitions A2 + + ● + 4 
Creation of a rejection record A3 ● +++ ● ● 3 
Mandatory presentation of relevant documemts B1 ● +++ ● ● 3 
Schedule organisation / Logistical reinforcement B2 ++ +++ + + 6 
Acquisition/reuse of intermediate tank between tank truck and unloading  B3 ● ++ + ● 1 

Raw material filtration during unloading  

B4 

+++ ++ ++ +++ 9  

B5 
D1 
D2 
D6 
D8 
D10 
D11 
D12 
D17 

Random inspections with methyl esters and unsaponifiables analysis.  B6 ++ + + + 4 
Stock increase /  non-segragation of raw materials by origin C1 ++ + + + 4 

Second decantation of the drained heavy phase from UCO storage tanks 
at high temperatures 

C2 

+++ ++ ++ +++ 9  

C3 
C4 
D6 
D8 
D10 
D11 
D12 
D17 

Correction of the current process configuration  

D4 

+++ ++ ++ ++ 7   

D10 
D11 
D12 
D17 

Decantation of the emulsion from DN07 at high temperatures 
D5 

+++ + ++ ++ 6 D7 
D8 

Implementation of an automation strategy for the bleaching step  D9 ++ + +++ ++ 4 

Steam flow optimisation D10 ++ ++ ● ++ 8  

Installation of a steam trap in the inlet stream of DD01  D12 +++ +++ + ++ 9  
Installation of a non-return valve between DD01 and DD07 D13 ++ +++ + + 6 
Standardization of equipment identification to avoid misunderstandings D15 ● +++ ● ● 3 
Installation of a mesh in the outlet of DD05 D16 ● + + + 2 
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3.2. Oportunity A: raw material filtration 

during unloading:  

drastic decrease of impurity content in oil 

reaching the process through the 

implementation of two filtration steps. A first 

filtration step during unloading and a second 

step at the process inlet stream. This solution 

requires the installation of a total of 5 filters. The 

layout of the current and proposed unloading 

stations are represented in Figure 3 and Figure 

4, respectively. 

 

Figure 3: Current unloading station layout 

The filters represented in orange in Figure 4 are 

for raw material filtration during unloading and 

due to the nature of UCO, these should be 

perforated plate filters in stainless steel with a 

high pore dimension. Furthermore, the 

acquiring of an extra basket is advised for each 

station (in a total of two extra baskets) so that 

when cleaning is required, the process can 

continue through those filters.  

 

Figure 4: Proposed unloading station layout 

 

Economic analysis of Oportunity A:  

Investment 

The material investment required for the 

implementation of opportunity A is listed in 

Table 3.  

Table 3: Equipment investment for opportunity A 

Equipment Amount 
Filter for unloading 5 
Bad (extra) for unloading filter 2 
Process filter 2 
Piping n.a. 

Production costs and gains 

Direct costs: No direct costs were taken into 

account because it was considered that the 

head loss due to the installation of the filters 

would result in a similar electricity cost due to 

the current constant pump clogging.  

Indirect costs: since this solution is not a 

complete design but only a small improvement 

in an already existent unit, the costs associated 

with rents and local taxes were not taken into 

account, instead only amortizations (linear 

through a period of 8 years were considered).  

Gains: calculated by taking the inverse of the 

current maintenance costs caused by the 

constant degradation of centrifugal pumps and 

centrifuge.  

Profitability Analysis 

An NPV (calculated with a tax rate of 21%, and 

an actualization rate of 6,07%) of 21.3 k€ was 

obtained, using the same values the IRR was 

calculated to be 43% with a payback period of 2 

years and 5 months.  

Sensibility Analysis 

By continuing the assumption that a reduction in 

impurity content has a direct linear impact on 

maintenance costs, the impartial removal of 

impurities was studied. The impact of this risk in 

profitability is linear as shown in figure 3.6. 
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From a impurity removal of 80% downwards, 

the payback period overtakes 3 years, which 

leads to a significant decrease in the 

attractiveness of the project. 

 

Figure 3.1: Key profitability indicator behaviour with 
decrease in impurity removal  

 

3.3. Opportunity B: Second decantation of 

the drained heavy phase from UCO 

storage tanks at high temperatures:  

Opportunity B consists of the installation of a 

decantation system for the drained contents 

from the UCO storage tanks (8316, 8317, 8318, 

8319). The contents drained from the storage 

tanks after decantation are essentially water, 

emulsion, and residual oil and impurities. The 

proposed solution is to drain these contents to 

tanks with a heating system for a second 

decantation instead of sending them to the 

water treatment plant. These tanks are already 

existing tanks in the factory and at a short 

distance from the UCO storage tanks and thus 

a small investment is required. 

The proposed solution structure can be divided 

in seven different sections and is found in figure 

5. After implementation, the drained contents 

pass section 1 (already existing) on to section 

3, instead of section 2 as in the current situation. 

In section 3 (non-existing), a visor should be 

installed in order to allow operators to evaluate 

if draining should be stopped. After passing 

section 3, the drained fluids move on to section 

4 where they are pumped to the 832X decanting 

tanks through section 5.  

Alternatively, the drained contents that pass 

section 1, can be transported to the interior of 

tank 832X, through gravity (through sections 1, 

3 e 6). This second strategy should only be 

adopted when the reception tank is empty and 

there is enough time for a full decantation (since 

by inserting the fluid through the bottom of the 

tank there will be unfavorable agitation). 

  
Figure 5: Proposed structure for opportunity B  

Once heated and decanted, the heavy phase is 

transported through section 6, where there is 

another visor that and a purge (non-existing) to 

avoid light phase losses. This heavy phase 

resultant of a second decantation is transported 

through section 3 to the water treatment plant. 

A system of valves and a steam trap will be 

needed for the recovery of condensed steam. 

The light phase is transported back to the UCO 

storage tanks through section 6, where it is 

pumped through section 7 (partially existent). 
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Economic analysis of Opportunity B:  

Investment 

The material investment required for the 

implementation of opportunity B is listed in 

Table 4.  

Table 4: Equipment investment for opportunity B 

Section Material   

1 existent  
2 existent  

3 
Piping 2’’ 
globe valve stainless steel 2’’ 
Visor 2’’ 

10 m 
1 
1 

4 Pump reparation materials 
globe valve, in stainless steel 2’’ 

1 

5 globe valve stainless steel 2 ‘2’’ 1 

6 
globe valve stainless steel 2 ‘ 
Visor 2” 
Purga 1’’ 

1 
1 
1 

7 Piping 2” 
globe valve stainless steel 2 ‘’ 

20 m 
1 

8 Section existent  
9 Piping 2’’ 30 m 

Steam 

Steam pipe already existent 
For condensed steam: 
globe valve stainless steel 1 ‘’ 
Steam trap 1’’ 

3 
 
1 
1 

The investment associated with services and 

maintenance for opportunity B is described in 

Table 5. 

Table 5: services and maintenance for opportunity B 

Service 
Assembly 
Cleaning of the tanks 
Hydraulic tests for unused pipes 
Pump repair 
Tank, piping and heating system repair 

 

Production costs and gains 

Direct costs: The extra labour and electricity 

costs were considered neglectable The only 

direct cost taken into account was the steam 

consumed to heat up the decantation tanks. 

The specific steam consumption (equation 3.4) 

was multiplied by average drained UCO mass, 

and by the specific cost of steam.  

 
=    ∆  

 
           (3.4) 

Indirect costs: The indirect costs assumptions 

for opportunity A were applied. 

Gains: The gains obtained bu the process after 

implementation of opportunity B can be 

expressed by equation 3.5: 

Where:   – Gains obtained by sales of product  

after implementation of opportunity B.. 

Since more oil is going to be enter the process 

gains from biodiesel and secondary product 

(FFA and glycerol) sales are going to increase. 

However, this means that the gains from waste 

water treatment plant paste are going to 

decrease due to smaller production and lower 

fat content.  

Profitability Analysis 

An NPV (calculated with a tax rate of 21%, and 

an actualization rate of 6,07%) of 353 k€ was 

obtained, using the same values the IRR was 

calculated to be 572% with a payback period of 

2 months. Indicating the opportunity as an 

extremely attractive investment. 

Sensibility Analysis 

The scenario studied for the previous 

profitability analysis was the proportional 

increase in biodiesel production with the 

amount of oil recovered. However, this scenario 

can be seen as optimistic and so another 

hypothesis was studied: the production of the 

same amount of biodiesel but higher 

incorporation of UCO (instead of soy and 

rapeseed raw oil). The results of this analysis 

are shown in table 6. 

Table 6: Comparison of the studied scenario for the 
economic analysis and a second scenario (same 

biodiesel production with higher UCO incorporation) 

 Increase in 
biodiesel 

production 

Same biodiesel 
production, 

higher UCO % 
NPV ( k€ ) 353 56.9 
PBP (yrs) 0.2 1.0 
IRR ( .% ) 572  105 

= + + +   (3.5) 
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These results show that even though the 

scenario considered for the economic analysis 

could be seen as optimistic, opportunity B is still 

an extremely attractive investment when a 

lower biodiesel production is analysed. 

4. Conclusion 

Two solutions were proposed for the processual 

issues identified on the plant: opportunity A 

consists of the implementation of two filtration 

steps prior to the process and opportunity B 

consists of a second decantation of the raw 

materials. After an economic analysis both 

opportunities were found to be attractive 

investments. 

According to the scorecard classification of the 

proposed solutions, the next solutions to be 

studied should be the correction of the washing 

step’s process configuration and the 

optimization of the steam flow in the 

deodorizer’s inlet stream. For the proposed 

solution of correcting washing step 

configuration, a previous study on the presence 

of soaps is advised for changing this 

configuration would result in higher 

emulsification risk. It is believed that the steam 

optimization study is urgent, as the deodorizer 

is the equipment with higher oil losses.  

Finally, it should be mentioned that this works 

facilitates future studies on the pre-treatment 

plant as it provided a thorough description and 

understanding of the process. 
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