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Abstract  

This work is a contribution in mathematical modeling through 

Matlab in the process of threshing for the production of white 

rice, a mode of energy management to achieve energy savings 

must be implemented with the purpose of reducing costs and 

CO2 emissions. The sample of production is taken again power 

consumption and modeled by a regression line called the base 

line. With the higher points of production (threshing) at lower 

consumption second line regression line reference is created 

and on the basis of the reference line a goal line is established 

as an objective for improvement with 95% confidence. Once 

the objective of saving power is established, E.F.M.A. is one of 

the most important of the methods used to determine whether 

or not the process is effective. The results of the research clearly 

show the importance of incorporating a good system of 

systematic control for the management of energy management 

in the mill industry, seeking an annual savings of 

approximately 60 million C.O.P. 

Keywords: Energy savings, threshing, base line, reference line, 

Pareto diagram. 

 

INTRODUCTION 

The Department of Huila, Colombia is one of the largest 

producers of white rice at a national level, since it produces 

approximately 348 tons a day of rice of the cereal. The rice 

production process is carried out by means of a system of 

harvesting, in which the farmer made from planting to cutting 

green paddy rice [1], [2]. Then, the rice paddy is received in 

them mills and is starts the system of post-harvest, where the 

rice passes by the processes of drying, threshing, pre-cleaning, 

shelling, extraction of husk, separation of rice integral and rice 

paddy, cleaning, Polish, classification and packaging [3], [4], 

[5].  The threshing process is of utmost importance in post-

harvest system, because that takes place a pre-cleaning that 

removed much of the impurities of the rice; also, is ago a 

shelling through pressure and speed by means of rollers special, 

followed of a polishing in which is extracted the layer more 

external the layer more external (abrasion) to finish sorting the 

rice by size and color [6], [7], [8].  

In the threshing process an important consumption of electric 

energy, takes place since they put in operation more than 100 

engines that consume more than 65% of electric energy of the 

entire post-harvest process, that is why it is required to optimize 

the system as in [9], [10], [11]. Despite having knowledge of 

the importance of saving electric energy for obvious reasons 

financial and environmental, are numerous shortcomings 

related to low yields of machines that carry engines overstains 

and thus excess of consumed power [12], [13], [14]. On the 

other hand, shows numerous erroneous practices by operators 

of machines, in particular with the careless use of engines by 

activation in vacuum.   Also, a high variability as realized in 

threshing process repeatedly causes high consumptions of 

electric energy [15], [16], [17]. 

The main objective of the research was to generate a model of 

energy management, which is carried out a selective 

maintenance machines that have failures [18], [19], [20]. 

Besides conducting trainings and follow-up to operators of 

machines that are committing procedural errors that lead to 

unnecessary power consumption and hence to high costs of 

production [21], [22], [23]. 

 

METHODOLOGY 

Is performed a study with focus not experimental, where is 

measured during 90 days the consumption of energy electric 

versus the production. The threshing process electricity 

consumption is measured using a power meter (Mark Schneider 

Electric Power Logic IDN 6200) while production is measured 

in kilograms on a step scale (mark Scala Systems Process 

Control model 550). The size of the sample was taken ensuring 

a level of 95% confidence that the results can be assumed to 

annual consumption, under the inference that in half of the 

cases are high electrical energy consumption and allowing such 

high consumption may arise from 42.5% to 57.5% of the cases. 

The correlation between production and consumption was 

observed with the results obtained in the sample and generates 

a linear model based on simple linear regression, called 

baseline. On the other hand, you select a group of the best 

solutions of production versus consumption, so that any 

remaining sample solution is less in production and more 

electrical energy than at least one solution of the selected group. 
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It is clear that solutions of the group cannot compare is whether 

one is better than another (increased production with lower 

consumption). 

Based on the type I Solutions Group, turns to observe the 

correlation and generates a line of regression, which is called 

line reference, as it contains the solutions with the best 

performances of operators under the same conditions of the 

machines in charge. While this single linear model is a 

reference with good sample solutions, it allows the company 

significantly reduces power consumption without affected its 

production. 

Based on the reference line we establish one line through a test 

of hypothesis in which we formulate as null hypothesis not less 

than the value reduction goal, both the term associated with the 

increase in production (pending), as the term not associated 

with production (independent term) variants.   This value goal 

is fixed and is it maximum permitted to reject the hypothesis 

alternative with a level of confidence of the 95%, in which is 

accepted reductions of consumption of energy electric little 

significant. 

To achieve the objectives proposed by the goal line, a process 

of inspection is carried out on machines used in the threshing 

process and based on the methodology of Effect Failure Mode 

Analysis (EFMA), which allows to identify the potential failure 

of a product or a process based on an analysis of its occurrence 

, forms of detection and the effect of (severity); these faults are 

nested and it will need to generate to address actions which 

violate over the reliability of the product, or the process. 

For the development of the methodology EFMA has defined a 

working team composed of seven (7) members with 

professional and/or occupational profiles associated with the 

process of threshing (production supervisor, supervisor of 

quality, electrician, and head of plant, among others). This 

group should carry out matrix EFMA, along with the formats 

defined by the method in favor of ensuring the development of 

the method. In addition, should generate a plan of action of 

improves to cover them flaws elected to correct. 

A EFMA matrix with a numeric label for each fault is 

generated, identifying from the highest potential failure until 

the lowest according to how affects the consumption of 

electrical energy. Such label is called NPR (number priority of 

risk) and is generates of the product between the occurrence, 

the severity and the detection, only after having is defined a 

scale special of each one of them.  Once identified the fault, 

proceed to give an order from highest to lowest NPR, in order 

to make use of the diagram of Pareto and thus be able to identify 

20% of the most important causes in excessive consumption of 

electric power and which may cover 80% of the solutions to 

make a saving in adequate energy. 

As it was mentioned previously, once identified the flaws to 

correct, prepares a plan of action through a table laying down 

the possible improvements in machines through maintenance 

or repair.  In addition, improvements in the practices to be 

applied through trainings, trainings, corrections and oversight 

operators are identified.  Once applied the improvement plan, 

be validated by means of a sample of similar conditions and 

proceeds to establish more appropriate for such modeling 

regression model.  Compares the points type the reference line 

of the initial sample and the points I type I of the final sample 

and sets an indicator of comparison according to the number of 

key points from each sample.  Is summarized the activities and 

the order of execution as is evidence in the table 1: 

Table 1: General Schedule of activities 

Activity 
 Months 

1 2 3 4 5 6 7 8 9 10 

Take of energy 

and production 

          

Analysis of 

regression linear 

          

Development the 

matrix FMEA 

          

Development of 

the improvement 

plan 

          

Results 

evaluation 

          

 

Development 

Began the study with the collection of information. This was 

measured during three (3) months the amount produced in 

kilograms and the consumption of electrical energy generated 

by performing such production. Such data are consigned in the 

figure 1, who is identified as the BASE line: 

 

Figure 1: Base line 

The correlation coefficient is 0.958, presenting a strong 

dependency between the production and the consumption of 

electrical energy. In addition, the coefficient of determination 
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is outlining that 91,81% of the increase in the consumption of 

electrical energy is generated by the increase in production. 

Also seen through the value critical Fischer (7, 1854E-47) that 

the simple linear regression is suitable to carry out modeling of 

production versus consumption solutions. 

Production-consumption points that are of type I, they are 

chosen from the selected sample. The others point of the shows 

presented a production lower and a consumption of energy 

electric higher that at least one of them points type I. Among 

the points of first class it is not possible to compare whether a 

solution is better than another, since, if one of these solutions 

presents a production equal to or less than any other point of 

first class production and furthermore presents a higher 

consumption of electrical energy, then that point would be 

dominated by one of the type I and therefore the points would 

not be first class, in other words, the solutions of first class not 

are comparable. First class points are evident in the figure 2. 

 

Figure 2. Reference Line 

 

The correlation coefficient is of 0,9934 presenting an even 

stronger correlation between production and consumption of 

electric power. The model of regression linear is which presents 

the R2 higher and with base to this model is generates the line 

considered as line reference, which is based in the best 

solutions of the shows taken originally, in the Matlab program. 

Is can considering this line as a first target for the company 

since achieving a relationship of production versus 

consumption electric given by the line reference is can get a 

performance of 20.1 kg/kwh with regard to it shows initial, 

where the rate of production is of 18,72 kg/kwh. Based on the 

behavior of production for the months of September, October 

and November (months where took place the show) and 

assuming a similarity compared with other months of the year, 

caused by the behaviors of the demand for white rice, it is 

estimated that there may be annual savings of at least 59 million 

C.O.P. 

Based on the reference line, y = 0,0374x+ 2799, 28 determine 

the goal line taking a difference of slopes greater than or equal 

than 0,0025, which is the maximum value that the null 

hypothesis with a confidence of 95% is accepted as a null 

hypothesis. Similarly, is set to target the independent in 455,63 

term reduction. As goal line Y = 0, 0349X+2343,7. The line 

goal aims to achieve an annual reduction of about 76 million 

C.O.P. due to a yield of 21.92 kg/kwh. 

Taking into account the objectives on energy savings that 

should be done, is to establish a scale of 1 to 10 for the severity, 

occurrence and detection according to the methodology EFMA 

indicators, in order to generate for each failure (R.P.N.) risk 

priority number through the product of the above indicators. 

They are identified in table 1. 

 

 

 

Table 2: SOD (Severity, Occurrence and Detection) 

RANK Severity Occurrences Detection 

10 Disturbance of the process that generates a 

fault without warning and endangers the 

integrity of the operator and the equipment. 

Recurring probability of failure. (More than 

one bug per day). 

There is no control. 

9 Disturbance of the process that generates a 

fault that affects the safety with warning. 

Very high probability of failure. (1/3) 

(Once a day). 

Detection using the senses. 

8 Disturbance of the process that generates an 

environmental impact. 

Very high probability of failure. (1/10) 

(Once every 3 days). 

There is unplanned manual 

check control. 

7 Average process disturbance 

OVERCOATING VERY HIGH. 

High probability of failure. (1/25) (Once a 

week). 

There is non-systematic 

manual (Check List) 

verification. 

6 Average disturbance of the process 

ABOUT HIGH CONSUMPTION. 

High probability of failure. (1/100) (Once 

every month). 

Manual check of a sample 

exists. 
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5 Average process disturbance MODERN 

OVERCOATING. 

Average probability of failure.  (1/200) 

(Two failures per year). 

There is systematic manual 

check control. (Check List) 

4 Average process disturbance 

OVERCOATING LOW. 

Low probability of failure. (1/500) (Once a 

year). 

There is an automatic 

indirect verification control. 

3 Average process disturbance, ON VERY 

LOW CONSUMPTION. 

Low probability of failure. (1/1000) (Once 

every 2 years). 

There is automatic 

verification control with low 

probability of detection. 

2 Minor process disturbance, stop less than 5 

min 

Very low probability of failure. (1/10.000) 

(Once every 5 years). 

There is automatic 

verification control with 

high probability of fault 

detection. 

1 No Effect under consideration. Probability of remote failure.  (1/1.000.000) 

(Once every 10 years). 

Detection and prevention 

assured. Probability of 

detection. 

 

Table 3. Matrix AMEF 

PROCESS 

STAGE 

FAILURES EFFECT GRAVITY CAUSE FREQUENCY CONTROLS DETENTION NPR 

Hopper 

Feeding Band 

Band frenzy Energy 

consumption 

5 Lubrication 

Lack 

6 Monthly 

Lubrication 

5 150 

5 Excess Charge 6 Visual control 

(closing valves) 

9 270 

5 Bearing Motor 

- reducer 

4 There is not 10 200 

 

Table 4: Frequencies for Pareto diagram 

STEP OF THE PROCESS NPR TOTAL FREQ RELATIVE FREQ ABS ACCUM FREQ REL ACCUM 

Turbine system 2020 16.0% 2020 16.0% 

Air system 2010 15.9% 4030 31.9% 

Polishers 1944 15.4% 5974 47.3% 

Peeling Machine 1615 12.8% 7589 60.1% 

Aventators cycle 1560 12.4% 9149 72.4% 

Pre-cleaning 1085 8.6% 10234 81.0% 

Elevator 925 7.3% 11159 88.4% 

Alimentator belt of hopper 870 6.9% 12029 95.2% 

Densiometric tables 400 3.2% 12429 98.4% 

Rotative 200 1.6% 12629 100.0% 

TOTAL 12629    

 

Proceed to make the matrix EFMA, which identifies the stages 

of the process of threshing where there are flaws, actual or 

potential, taking into account possible failures, its effect, 

gravity causes, frequency that has occurred or is occurring, 

controls tracking of machines them, detection and NPR for 

every possible flaw. In table 2, is an example of the matrix 

FMEA on the band feeder of the hopper. 

 

The matrix FMEA identified 15 potential failures in 10 teams 

that may be generating electrical energy over-consumption. To 

prioritize e, start immediately actions of improves that mitigate 

the situation current, is complemented the matrix with the tool 

statistics diagram of Pareto, which allowed evidence them 

following results as is detallan9 in the table 3. 
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Figure 3: Pareto chart 

 

Pareto analysis allows identifying teams that major impacts on 

the over-consumption of energy in the process. The turbine 

system, the air system and machine them polishing machines 

have a stake in the problem of the 47% energy.  On each team 

are proceeded to generate proposals of solution from the 

Group's work. 

Based on relevant organizational learning activities to rectify 

problems of quality, risk, occurrence of critical failures, 

process, producto8: articulated matrix FMEA and Pareto 

analysis to define a proposal for improvement, covering both 

the chosen teams, as in the performance of the operators, 

through a plan of improvement on the polisher, where occurs a 

mechanical failure and a human flaw as detailed in table 4. 

Table 4: Improvement plan 

 

 

RESULTS AND CONCLUSIONS 

Once applied the corrections proposed in the plan of 

improvement, we proceeded to measure consumption of 

electricity compared to the levels of production under the same 

criteria taken into account when the data of the initial sample 

were taken.  The size of shows chosen for the validation of 

results was of 34, where is estimated as population the number 

of productions annual (340), low it inferences given by a 

piloting of 15 results in which in 12 occasions is managed to 

reduce the consumption with regard to the line base, allowing 

that until 2 of them 15 can be above the line base and keeping 

a reliability of the 95% where them results show les can be dear 

to productions and consumption per year, as they can delineate 

in figure 4. 

 

Figure 4: Validation of results 

Also in Figure 5 compares the results of the threshing process 

then applied the improvement plan based on the FMEA 

methodology with respect to the trend lines base, reference and 

goal. 

 

Figure 5: Comparison in trends 

Where it can be concluded that: 

• 82,35% of cases where took place the threshing process, 

consumption was lower with respect to the baseline. But 

only by 11.76% consumption was below the reference 

line and 8.82% only a power consumption less than line 

goal was achieved. 

• In the 70,58% of them cases is managed to a 

consumption of energy electric between the line of base 

and the line of reference, but in only 2 of 34 cases 

(5.88%) the consumption of maintained between the line 

of reference and the line goal. 

EQUIP M EN T F A ILUR E M A IN  C A US E
IM P R OVEM EN T 

A C TION
R ES P ON S IB LE

Train the 

operator and 

implement written 

procedures on the 

operation of the 

polishers

Track operator 

performance

Perform 

preventive 

maintenance 

every 2 months.

Check and replace 

critical 

mechanical 

elements as 

required.

Polisher Stayed fixed

Operator 

Neglect

Integral 

Management 

Supervisor

Wear and 

malfunction of 

mechanical 

parts

Maintenance 

supervisor
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• Based on the results of production and consumption of 

electric power after applying the corrective measures 

identified by the FMEA as they are outlined in Figure 4, 

is determined the best solution set (15 first class 

solutions) under the same empirical procedure used to 

determine the reference line through the base line data 

in order to determine the results with performance more 

successful operators.  Is obtained a performance of 20, 

15 kg / kwh, which is very similar to the performance 

given by the line of reference (20.1 kg / kwh), to achieve 

a saving estimated of 60 million C.O.P annual. 
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