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ABSTRACT

ENERGY CONSUMPTION AND PERFORMANCE MODELS
OF SMALL PHILIPPINE-BUILT RICE MILLS
By

Anacleto Sawal Paras, Jr.

Two simulation models were developed for small rice
mills of the conventional disc-cone and rubber-roll
equipped designs which range from 0.3 to 1.8 tons-per-hour
capacity. These sizes comprise a large proportion of the
rice mills in the Philippines.

The first, a computer model, evaluated these two
types of mills with regard to energy consumption, total and
head grain recovery and processing time. Field and
laboratory data taken by UPLB research workers and direct
measurements by the author were compiled and employed in
the development of equations and distribution functions for
the variables that make up the subroutines for the models.
The results indicated that the energy consumption of small
rice mills in the Philippines could be reduced by five to
nineteen percent, depending on size, without loss of

quality in good performance mills by using one bigger
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huller and an adjustable separator, and that the output
quality of poor performance mills could be improved with

just a four percent increase in energy consumption by

adding a second-stage whitener.

The second model estimated the cost of milled rice
by utilizing Kirchoff's current and voltage laws and energy
conservation principles to derive 'a cost equation involving
the material energy and processing cost. The results
indicated that the cost of millingrice in 1978 was
approximately P1.20 per kilogram of milled rice after

crediting for by-product cost (P0.05) with the conventional

disc-cone mill being less expensive than the rubber-roll
type by about P0.02 (1.7 percent).

Approved 2 ; g;&ZL__
Maj Professor

. (')
Appr ovedMMI_ﬁ;Mdﬁ—

Department Chairman



To my late Father

ii



ACKNOWLEDGMENTS

I gratefully acknowledge the support of many
individuals and organizations who contributed to this
study:

Dr. Merle Esmay, my major professor, for his
guidance and patience in editing the various drafts of this
dissertation.

Drs. Thomas Burkhardt, Robert Wilkinson, Robert
Stevens, Warren Vincent and Michael Abkin who serve as
members of the Guidance Committee for their advice.

Dr. David Horner for his encouragement and support.

Dr. Dante B. de Padua for his encouragement and
support in gathering the secondary data.

Dr. Ernesto Lozada and his staff particularly
Messrs. Ruben Manalabe and Rosendo Rapusas for providing
the physical support in the gathering of the field data.
Also, to Mr. Reginaldo Gonzales for providing the
photographs.

National Grains Authority Directors Frank
Tua and Maximo de Ramos for providing the rice mills and
paddy in the rice mill tests. Also, to Messrs. Ahtonio
Cruz, Steve Solitario and their staff for their help

during the rice mill tests.

iii



The University of the Philippines at Los Banos and
the IBRD for making my studies in the U.S.A. possible.

The Instructional Media Center at M.S.U. for their
help in the preparation of my illustrations.

The_South East Asia Regional Center for Agriculture
for their support in the library research.

Mr. Robert Clark for editing the later drafts of
this dissertation.

Mrs., Lucille Lewsader for typing the final draft
and Miss Betty Halsted for typing the pre-final draft.

The Office of International Students and Scholars

for their support in the printing of this dissertation.

My wife Florita for typing a continually changing
manuscript.

My children Philipp, Parnee, Phenella and Pierre
for their unending patience and understanding during the

preparation of the manuscript.

iv



TABLE OF CONTENTS

LIST OF TMLES [ L] L] L] L] L] L] (] L] [ ] L] L] L] *

LIST OF FIGURES

Chapter

I.

II.

L] L] L ] L] L) L] L] L] * L] L] L] L]

IN TRODU CT ION L] L] [ ] * L] L) L L L] L]

1.1
1.2
1.3

Purpose of the Study . . . .
Specific Objectives . . . .
Description of the Models .

1.3.1 Rice Mill Performance

1.3.2 Linear Network Economic

REVIEW OF LITERATURE . . . « .« &

2.1
2,2

2.7
2.8

2.9

Nomenclature e o o o o o o

Anatomy of the Rice Grain
and Its Significance . . .

Rice Milling Process . . . .
Input Paddy Factors . . . .
Milling Pactors . « « « « &

Ambient Relative Humidity
and Temperature . « « « o &

Economic Factors « « « o o o

Systems Technique Used in
the Modeling . . . « « . &

Summary of Review of
Literature . . . « o ¢ o &

Page
. ° ix
* ¢ xiv
. 1
. 2
. 7
. 7
. 7
. 12
. 14
. 14
. 17
. 22
. 24
. 25
. 26
o 30
. 31
o 38



Chapter
III.

RICE MILL PERFORMANCE MODEL . . « . »
3.1 Model Definition . . . « . « . .
3.2 Grain Variables . . . . . . . .
3.2.1 Input Paddy Factors . . .
3.2.1.1 Maturity at Harvest . .
3.2.1.2 Delay in Drying . . . .

3.2.1.3 Moisture Content
at Milling . « . . . .

3.3 Grain Shape Measurements . . . .

3.4 Measurements of Energy
Consumption and
Mill ing Time [ ] * L] L] ° L[ ] L ] L] L]

3 [ ] 4 L] 1 MethOdOl ogy L] L] L] L] L] L] L]
3.4.2 Analysis of Results . . .

3.4.3 Discussion of the
Different Machine
Components « « ¢ o o + &

3.5 Distribution Functions of
Input Paddy Factors « « « o o o«

3.6 Computer Implementation of
the Mo del [ ] L[] L] L ] L] L] L] L] L] L] L]

3.7 An Example of How to Use the
the Rice Mill Performance Model

LINEAR NETWORK ECONOMIC MODEL . . .«

4.1 Theory of Linear Network
Economic Model . . . ¢ ¢ ¢ o &

4.1.1 Kirchoff's Circuit Laws .
4.2 Procedure . . ¢ o o o o o o o o

4.2.1 Energy Notations . . . .

vi

40
40
43
44
44
49

54

64

66
66
67

70

98

101

105
109

110
110
117
117



Chapter
4.2.1.1 Precleaner Component . . . . 121
4.2.1.2 Huller Component . « « « o o 122

4.2.1.3 Plansifter and
Aspirator . . ¢« ¢ ¢ ¢ o o o 122

4.2,1.4 Paddy Separator
Component . . . « ¢« « « o o 124

4.2.1.5 First Stage Whitener
Component . . . . « « » » o 124

4.2.1.6 Grader Component . . . . . . 124
4.2.1.7 Transport Component . . . . . 127

4.2.1.8 Return Huller
Component . « « ¢« o« « o o« o 129

4.2.1.9 Rice Milling System
Economic Model . . . . . . « 130

V. ANALYSIS OF THE RESULT =« ¢ ¢ ¢ o o o o o o 148
5.1 Rice Mill Performance Model . . . . . 148

5.2 Linear Network Economic
MOdel [ ] [ ] [ ] [ ] [ ] L ] L] L ] [ ] [ ] [ ] [ ] [ ] L] [ ] [ ] 17 l

VI. CONCLUSIONS AND RECOMMENDATIONS . . « . « « 179
BIBLI%RAPHY ° L] L] L] L] L4 L] L] L] L] L] L ] L] L] L] L] L] L] L] L] 184
APPENDIX

A. Energy Consumption Measurement
Results L) L] L) [ ] [ ] L ) * L] . [ ] L] L] L] L] L] * L] 188

B. Rice Mill Performance Simulation
Model Program . . « « o o o o o o o o o o 194

C. Gamma Distribution Function . « « « « o« « o 204

D. Chi-Square Analysis of Random
variables L] L] L] L] L] L] L] [ ] L] L] L] L] L] L] L] L] 206

vii



Appendix

H.
I.

Je.
K.

L.

M.
N.
o.

.P.

Q.
R,

S.

Validation of the Linear Network

Analy Si s L ] L] [ ] [ ) [ ] [ ] [ ] L] [ 4 [ 4 [ ] [ ]

Derivation of Linear Network

Model . .

Values of Linear Network

Coefficients .

Evaluation of the Linear
Network Equations

Results of the Rice Mill Performance
Model Simulations

Some Physical Properties of Rice

Relationship of Milling Recovery
and Moisture Content at Milling

Time Studies on Rice Mills

Linear Network Economic Model

[ ] (]

Computer Program . .

Philippine Trade Standards

for Rice

Normal Values of Los Banos

Weather Data .

Economic Variables Used in the
Network Equations

Cost of Rubber Rolls

Paddy Planting Area in the

Philippines

Rice Mill Statistics in the

Philippines

viii

L]

L]

[

L]

.

L]

209

211

216

218

224
261

263
272

275

277

295

299
300

302

303



Table
1.1

5.5

5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13

LIST OF TABLES

Comparative Performance of Mills
Monitored in Bicol River Basin .

Results of Simulation Runs . . .

Rice Mill Types Manufactured
in the Philippines . . « « « .

Results of Simulation Runs . . .

Rice Milling Rates of Small Disc-
Cone Mill by Region in the
Philippines . . ¢« ¢ ¢ ¢ o o « &

Engine Sizes and Capacities of
Disc-Cone Rice Mills . . « ¢« «

Milling Recovery and Head Grain
Percentage as Affected by
Harvest Date . « « ¢« o o o o o &

Results of Simulation Runs . . .

Results of Simulation Runs . . .

Results of Simulation Runs . . .

Results of Simulation Runs . . .

Results of Simulation Runs . . .

Results of Simulation Runs . . .

Summary of Results of Simulation

Results of Economic Modeling when
Milling Recovery of Rubber Roll
and Conventional Mill are Equal

Results of Economic Modeling
of Six Different Mills . . «. . .

ix

107

149
151

152

152

153
154
155
156
157
158
159
165

173

174



Table
5.15

A2

A4

D1

D2

I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16

Results of Economic Modeling with
Increased Rubber Roll Prices . . .

Energy Consumption Measurements
of Three Philippine Mills . . . .

Computed Energy Requifement
of Separators . . . ¢ ¢ ¢ o o o @

Energy Consumption of Japanese
Rice Mills L] L] L ] L] [ ] L] L] L] L] L] L] L]

Data on Machine Capacities . . . .

Material Reduction for Different
Ma Chi ne s [ ] [ ] L ] L ] L ] L] * L ] L] (] L] L] L]

Chi-Square Analysis of Moisture
Content of Paddy Samples from
Rice Mills * (] L ] L] * ® * . o L] L] [ ]

Chi-Square Analysis of Purity of
Paddy Samples and the Probability
Table of Drying Delay . « « « o« &

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Results of Simulation Runs . . .« &

Results of Simulation Runs . . . .

Results of Simulation Runs . . . &

Results of Simulation Runs . . . .

Results of Simulation Runs . . . .

Page

176

189

191

191
192

193

207

208
226
227
228
229
230
231
232
233
234
235
236
237



Table Page
Il17 Results of Simulation Runs . . . . . . . . 238
Il8 Results of Simulation Runs . . . . « « « o 239
I19 Results of Simulation Runs . . . « « « . o 240
I20 Results of Simulation Runs . . . « ¢« « o o 241
I21 Results of Simulation Runs . . . . . « . . 242
I22 Results of Simulation Runs . . . . . . . . 243
I23 Results of Simulation Runs . . . . « « « . 244
I24 Results of Simulation Runs . . . « « « « « 245
I25 Results of Simulation Runs . . . . « « . . 246
I26 Results of Simulation Runs . . . « « « « « 247
I27 Results of Simulation Runs . . . . . . . « 248
I28 Results of Simulation Runs . . . « « « « . 249
I29 Results of Simulation Runs . . . . . . . . 250

I30 Results of Simulation Runs . . . . . » . o 251
I31 Results of Simulation Runs . . . . . « « « 252
I32 Results of Simulation Runs . . « « « « « o 253
I33 Results of Simulation Runs . . . « « « « o 254
I34 Results of Simulation Runs . . « « « « « . 255
I35 Results of Simulation Runs . ¢« ¢« ¢ ¢« ¢« « o 256
I37 Results of Simulation Runs . . . . . . . . 257
I38 Results of Simulation Runs . . . . « . . . 258
I39 Results of Simulation Runs . . . . « . . « 259

140 Results of Simulation RUNS . « ¢ o« « « o o 260

xi



“e

v

L:



Table Page

K1l Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 13.0 Percent
MOiStULe o ¢ ¢ o ¢ o o o o o o o o o o o« o 264

K2 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 13.5 Percent
HOisture (] * L] ® L ] * L[] L[] L] L] L] L] L] o L] L[] L] 265

K3 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 14.0 Percent
MOi Btur e L] [ ] L] L] L] L] L] L] L] L] L] L] L] L ] L] L] [ ] 26 6

K4 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 14.5 Percent
MOisture [ ] L] [ ] [ ] L ] [ ] L] L] L] L] L ] L] L] L] L] L] * 267

K5 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 15.0 Percent
HOisture o [ ] L J [ 4 L J L] L] L] L] L 4 L] L] L] L] L] [ ] [ ] 268

K6 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 15.5 Percent
Moisture L ) L] L J L ] [ ] L ] ° ° ° L ] L] L] L] L] L] L[] [ 2 269

K7 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 16.0 Percent
M MOi stur e [ ) [ ] L] L[] L] * L] L[] L] L] L] L] * L] L] L] [ ] 27 0

K8 Milling Recovery and Percentages
of Different Sizes of Grain and
By-products of Rough Rice Dried
and Stored with 16.5 Percent
Moisture (] [ ] L] [ ] L[] [ ] L] L] L] L] L] L] * * L] L] L ] 271

xii



Table Page

0ol Normal Values of Los Banos
Weather Data o« ¢ o o ¢ ¢ o o o o o o o o o o« 296

Pl Capital Investment for Rubber
ROIl Mills, 1976-77 e © e o o o e o o o o o 297

P2 Variable Costs per Month for
Rubber Roll Mills' 1976-77 e o o o o o o o o 298

P3 Capital Investment for
Conventional Mills’ 1976-77 e o o o o o o o 297

P4 Variable Costs for Conventional
Mills' 1976-77 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 298

PS5 Revenue and Profit per ton for
Alternative Milling Systems,
Bicol River Basis Area, 1976-77 . . . « . . 299

Q1 Rice Huller Rubber Rolls
as of May 1, 1978 . . ¢ ¢« ¢« ¢« ¢« « o &« « « o« 300

Q2 Specifications and Prices of
Rubber ROlls (1976) .« « « o o o o o o« o « o« 301

R1 Palay (Rough Rice) Planting Area
in 1977 Compared with that in 1976
by Region, Philippines . . . « ¢ ¢« « « « « o 302

Sl Statistics on the Rice Industry
in the Philippines . . ¢« « ¢« ¢ ¢ ¢ ¢ ¢ ¢« « « 303

xiii



Figure
2.1
2,2

2.3
2.4

2.5

3.1

3.3

3.8

LIST OF FIGURES

Anatomy of Paddy . .« « « ¢ o .+ .

Schematic Diagram of a Disc-Cone
(Conventional) Rice Mill . . . .

Rice Processing « « « « o o o o« &

Average Deviation from Maximum
Yield with Changes in Humidity .

Effect on Temperature on Zenith
and Rexark Rice . . ¢« « o« o o o

Causal Diagram of Rice Mill
System L] L] ° L] ° L] L] L] ° L] L] L] L]

Effect of Time of Harvest on
Percentages of Total Milled
Rice and Head Rice in . IRS,

IR5, C4-63 and Sigadis o o o o

Relationship Between Days after
Heading and Head Rice
Percentage ° L] L] L] L] o L] * L] L]

Drying Delay and Head Rice
Rel ati onShip L] L] L] L] L] . L] L] ° L]

Drying Delay and Discolored
Kernels Relationship . . . . . .

Milling Yield Curve . « ¢« « « + &

Rough Rice at Different Moisture
Contents was Collected during a
Drying Run using a Flat Bed
Mechanical Drier « « « « o« o o

Moisture Contents of Samples were

Measured using a Capacitance
Moisture Meter . . .« . . . .« . .

Xiv

Page
18

19
23

28

29

42

46

48

51

52
55

57

58



Pigure
3.9

3.13

3.14

3.15

3.16
3.17
3.18

3.19
3.20

3.21

3.22

3.23
3.24

The Rough Rice Grain Sample
was Dehulled by Hand . . . . «

Pressure was Applied on the
Grain until it Cracked and the
Porce and Pressure Recorded .

Grain Moisture Content vs
Rigidity [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

An Empirical Characteristic
Curve for Rice Whitening
Machine .« ¢ ¢ ¢ ¢ ¢ ¢ o o o o«

Grain Shape Ratio and
Head Rice Relationship . . . .

Measurement of Voltage and
Current of Motors During
Milling Run . & ¢ o o o o o &

Motor Nameplate data were Noted
as to the Power Factor and
Efficiency Ratings « o o o o

Double Sieve Precleaner . . . .
Single Drum Precleaner . . . .

Precleaner Capacity and
Power Requirement . . . . . .

DiSC Huller ® e o o o o o o o o

Schematic Diagram of a
Rubber Roll Huller . . « « « &«

Huller Capacity vs Hulling
Ti me L ] [ ] [ ] L] L] L] L] (] [ ] L] L] L] L]

Huller Capacity and Power
Requirement Relationship o o

V‘type Siftel’.’ e e e o o o o o

Rice Sieve Capacity and
Power Requirement . . . . . .

Xv

59

60

61

62

65

68

69
71
73

74
75

76
78

79
80

81



Figure
3.25 Double Action Husk Aspirator . . . . . . . 83

3.26 Husk Aspirator and
Aspirator with Stoner
Power Requirement . . ¢« ¢« ¢ ¢ o o o o o &« 84

3.27 Grain Flow through the
Padw Separator * * L] L) [ ) L] L] L] L] L] * o L] 86

3.28 Components of a Paddy
separator [ ] [ ] [ ] L ) L] L] L] o L ] L] L] o [ ] L] [ ] [ ] 87

3.29 Paddy Separator Capacity vs
Hulling Time [ ] [ ] [ ] L[] L L J L[] L] L] L] .o * L] L] L] 88

3.30 Paddy Separator Energy

Requirement vs Capacity . 89

3 .31 whitening Cone * ° [ J L] L] L] L] L] L] L] L J L ] L] L] 91

3.32 Cross-section of Abrasive
Whitener [ ] [ ] ° [ ] [ ] [ ] [ ] [ ] [ ] [ ] L ] [ ] L] [ ] L ] [ ] [ ] 92

3.33 Section of a Friction Roller
Type Whitening Machine . . « ¢« ¢« ¢« ¢ ¢ o« & 93

3.34 Cone Whitener Capacity vs
Whitening Time . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o 95

3.35 Whitener Capacity and Power
Rwuired L ] [ ] [ ] [ ] [ ] [ ] [ ] L] ® L] * L] L] L] ] [ ] L] 96

3 .36 Grading of White Rice L] L) L] L] L] L] L] L] L] * L] 97

3.37 Rice Grader Capacity and Power
RQuired o L ] [ ] [ ] L] L] L[] [ ] L] L) L) L] L] L] L] L] 99

3.38 Probability Distribution for
Moisture Content of Paddy
Delivered for Rice Milling
in the Bicol Region . .« ¢ ¢« ¢ ¢ o ¢« « « o 100

3.39 Probability Distribution for
Purity of Paddy Delivered
for Rice Milling in the
Bicol Region e o o o o o o o s e s o s o 100

xvi



Figure
3.40

3.41

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

Probability and Cumulative
Distribution of Drying Delay
for Paddy Delivered for Rice
Milling in the Bicol Region .

Computer Flow Chart of
Program Rice Mill . . . . . .

Example Circuit and Its
Linear Network . « ¢« ¢ ¢ ¢ o &

Modified Circuit and
Linear Network « « o« ¢ o o o &

A Typical Industrial
Process ] [ ] L] L] L ] L] [ ] L] L] L] L]

Diagram of Precleaner Component
Process ° L] L] L J L] L] L] L] L] L] L]

Diagram of Huller Component
ProCesSsS .« o o ¢ o o o o o o o

Diagram of Sifter Component
Process [ ] [ ] [ ] L] L J [ 4 L[] [ ] L] L] L]

Diagram of Paddy Separator
Component Process . . « o« o o

Diagram of First Stage Whitener
Component Process . « o« o« o o

Diagram of Second Stage Whitener
Component Process . « « o o &

Diagram of Third Stage Whitener
Component Process . « « o o o

Diagram of Grader Component
Process L] [ ] L] * L ] L] L] L ] L] L] L

Diagram of Return Huller
Component Process e o o o o o

Schematic Diagram of a Disc-Cone
(Conventional) Rice Mill . . .

xvii

L]

102

103

111

111

115

120

123

123

125

125

126

126

128

128

129



Figure

4.14

5.2

Ll

L2

Linear Graph of a Rice Milling

System o o

. ® [ [ ]

Different Simulation Runs on

Commercial and Proposed Mills

Comparison of Recommended

Energy Requirement and the

Simulated Values

Time Study of a 2.5 ton-per-hour
Rice Mill in the Philippines

Time Study of a 6.25 ton-per-hour

Rice Mill . .

L] L] L

xviii

Page

131

167

170

273

274



CHAPTER I
INTRODUCTION

The introduction of high yielding varieties (HYV's)
of rice into Southeast Asia in the late 1960's created the
potential for the Philippines to become self-sufficient for
this vital crop and even to become a substantial exporter.
However, "second generation" problems - those associated
with storage, processing and marketing - confounded this
. potential.

When HYV's were first planted in 1967-68 on twenty-
two percent of the lowland rice area, an eleven percent
increase in total yield resulted (Mears, 1974). The peak
rate of growth was attained in 1969-70 with annual
increased yield of seventeen percent. Although the
following year attention was prematurely turned to other
crops and a rice crop failure occurred, the increased
production experienced the previous years was sufficient to
demonstrate the inadequacies of the traditional post-
harvest operations. Indeed, post-harvest losses were as

high as thirty-six percent (Araullo, et al., 1976).
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2
The National Grains Authority (NGA) initiated an

extensive effort to ameliorate the situation utilizing the
facilities of the International Rice Research Institute
(IRRI), the University of the Philippines at Los Banos
(UPLB) and related government agencies.

Substantial progress was made in selected phases of
processing and storage through the introduction of locally
produced farm dryers and locally made and imported drying
plants. Renovation of USAID-purchased grain elevator and
storage facilities was also undertaken.

Rice milling, however, experienced the least
technological improvement in the rice marketing system,
although losses using the traditional mills had been among
the most substantial, from two to ten percent of the grain
processing operation (Timmer, 1974).

Efforts to improve mills were limited both by a
‘lack of research into the problems involved and the

comparably high cost of changes in these operations.

1.1 Purpose of the Study

Decisions regarding rice mill construction and
alteration involve a number of variables and trade-offs
reflecting the costs of construction, the costs of
operation and the quality and quantity of the output. When

the scope of the "second generation" problems became
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apparent in the early 1970's not enough information
regarding rice milling operations in the Philippines was
available to make informed decisions. There followed four
significant studies. Three of these (Andales, et al.,
1976; Camacho, et al., 1977; and Sison, et al., 1976) were
made on commercial milling equipment processes under
typical conditions, and the fourth was based on
measurements made under controlled laboratory conditions
(Manalabe et al., 1978). While these studies provided
valuable theoretical and actual data about milling
operations, they failed to provide a sufficiently complete
picture for decision making because they were limited by
the number, sizes and types of mills available in the field
for monitoring. Some important variables such as energy
consumption and time delays in milling were also
unavailable.

With the field measurements of these missing
variables made by the author in this study it was possible
to construct a systems model validated by actual experience
in the mills. This model provides a tool for evaluating at
greatly reduced cost and in minimal time the effects of
altering the variables involved (Seshu, et al., 1959),
such as: the use of single versus double hullers, one-
stage versus two-stage whitening, and energy use versus

quality of output.
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The Camacho, et al. study was a joint effort by the

Agricultural Engineering Departments of the International
Rice Research Institute and the University of the
Philippines at Los Banos. This was conducted in the Bicol
River Basin which is under development by the Bicol River
Basin Development Program with funds from a USAID grant
(Bicol Project Agreement No. 75-09, Sub-agreement No. 15).
About 334,410 hectaresl/ in the Bicol Region was planted to
rice in 1977. This repéesented about ten percent of the
area planted to rice in the Philippines. This area is
typical of about forty percent of the rice producing areas
in this country, particularly the eastern seaboard areas of
Cagayan Valley, Southern Tagalog and Eastern Visayas.
These areas are subjected to the seasonal typhoons
prevalent in the South Pacific Islands during the month of
September. This particular characteristic makes it an area
where special attention must be provided to minimize damage
to crops during harvesting and processing. Table 1.1
summarizes data from the eleven representative rice mills
monitored during the study period of 1976-77.

Small rice mills of the kind analyzed in this study

processed almost all of the rice in the Philippines in

1/see Appendix Table R.
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6
1984. Less than one percent of the rice was processed by
the three large-capacity (6 to 25 tons per hour) rice mills
in the country.

The two most important types of small mills, which
accounted for ninety-five percent of the milling
operations, were equipped with steel hullers (forty
percent) and the conventional disc-cone (fifty-five
percent).l/ The miscellaneous types of mills which
processed the remaining approximately five percent of the
rice included a newly introduced rice mill with rubber
rolls. This is a portable unit and favored by some as a
replacement for the steel hullers. However, the rubber
rollers are expensive and require replacement after every
15 tons of paddy (see Appendix Table Q2). Another portable
mill is the centrifugal huller with a performance very
similar to that of the steel huller mills.

The NGA estimated that in 1979 the steel huller
mills numbered approximately eighteen thousand, eight
thousand of which were unregistered. These mills were one-
quarter to one-half ton per hour capacity. The conven-
tional disc-cone mills were unofficially estimated by the

NGA to number approximately three thousand, indicating

l/See Appendix Table S for a survey of the number of steel
hullers and conventional disc-cone mills in use in 1973.
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7
increased popularity of steel huller mills compared with

the 1973 survey estimate.

1.2 Specific Objectives
The specific objects of this study are to:

1. Develop a rice mill performance model that will
realistically simulate selected milling technologies and
provide a basis for the evaluation of performance and
energy consumption over a wide range of input and output
capacities.

2. Develop a linear network economic model of rice
milling systems for evaluating milling costs over a range
of capacities within a selected set of technologies.

3. Conduct simulation runs to show how information
may be generated to help in the decision- and policy-making
processes of planning, design and operation of milling

facilities.

1.3 Description of the Models

1.3.1. Rice Mill Performance

All of the available information on rice mill
performance was from rice mill tests. These data were
limited by the high cost of monitoringmills and by the
unavailability of the different types of mills in the

field. The capacities of Philippine manufactured mills



-
£

FETE

i
v

e

N
.

K

"




range from 0.3 to 2.0 tons per hour. The two main
technologies were from Europe (i.e., Germany and Italy) and
Japan. Philippine mills which were based on German design
were known as conventional disc-cone mills while the
Japanese mills were known as rubber roll mills. In order
to evaluate the mills on the basis of their technical and
economic performance, it was decided to develop two models
that would evaluate commercial rice milling systems over a
range of capacities for a selected set of technologies.

Data that were readily available from other
researchers included input paddy factors such as: maturity
or moisture content at harvest and at milling, drying delay
and purity of grain. Milling factors included machinery
adjustments and ambient temperature and relative humidity.
Data on grain rigidity or grain pressure during milling,
grain shape, grain moisture content and purity were
available but were not readily usable dque to the lack of
analyses of their relationship to rice milling.
Unavailable information which was measured by this author
was on energy consumption of individual rice mill component
machinery, and time measurements of the different delays in
the rice milling operation.

Modeling provides a convenient and low-cost means
of evaluation. The first consideration in modeling is to

choose between a dynamic and a static model. Static
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models are incapable of providing information about the
future consequences of current decisions. They are
constructed with equations which do not contain past values
or rates of change of system variables. A dynamic model is
useful for analyzing the operation of an individual system
for peak labor usage and the effect of a disturbance, such
as bad weather, on the system (Tummala, et al., 1973).

This study, however, was designed for comparison of a
number of systems. Static models proved simpler and more
suitable for the desired comparisons.

The development of the computer model involved the
understanding of the rice grain, the rice milling process
and gathering of data related to the model. Rice grain
processing is uniquely different from the précessing of
other grains such as wheat, rye, barley and corn. Rice is
marketed in whole-grain form rather than in a processed
powdered form; thus, the processing stage is more critical
than for other grains. However, all grains are living and
respiring biological products and as such are affected by
whatever previous treatment they experienced in the
growing, field handling, drying and storage stages. The
variables that affect the rice grain quality and milling
yield were incorporated in the computer model. The

physical properties of the grain such as grain shape,
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hardness and length are another set of variables that were
analyzed and included in the model.

The rice milling process was also studied. The
stages in the process were observed and measurements made
on bin capacities, time delays and energy consumption. To
collect data on energy consumption and time delays during
rice mill operation, three mills of sizes 1.0, 2.5 and 6.25
tons per hour capacity were monitored during operation.
One observer was posted at each machine component and the
rice mill was started at a predetermined time. Time of
entry and exit of paddy or rice, as the case may be, was
noted. Figures L1 and L2 in Appendix L show the results of
time measurements. Voltages, amperages, power factors and
efficiencies were noted at each electric motor at three
different times during the milling run (Figures 3.14 and
3.15). The average of the three readings for each machine
component is shown in Appendix Table Al. Bin capacities
were obtained from manufacturers' plans. Material
reduction data were derived from the work of Manalabe, et
al., (1978), and machine capacities were from Jose Bernabe
and Co., Inc. These measurements were expressed in terms
of equations and graphs which are discussed in more detail
in Sections 3.2 through 3.5.

The computer model was patterned after the

different steps in the rice milling process. Time delays
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in the process were due to the operator's practice of
waiting until the bins were half full before opening the
feed shutters of the machine. The measurements of the
delays were obtained by dividing the bin capacities by the
handling or processing rate of the machine immediately
preceding the bin. Processing time of each machine was
obtained from a graph or from the input grain mass divided
by the machine handling rate. The power requirement which
was obtained from a graph was then multiplied by the
processing time to obtain the energy consumption. The
grain quality was expressed in terms of the mass percentage
of the whole grains and of discolored grains over the total
milled rice. These two quantities were obtained from a
quality factor which is the product of four variables
obtained from the graph of grain factors affecting quality.
This process is explained in more detail in Chapter Three.

The efficiency of the rice mill was measured by the
milling recovery which was defined as the mass percentage
of the milled rice over the pre-cleaned input paddy. The
amount of milled rice was obtained by the use of reduction
factors at each milling stage.

Input variables were of two types: first, the rice
itself, and second, the mill studied.

The first category included such factors as grain-

shape (the length-width ratio), growing season (wet or dry)
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and drying method (solar or mechanical) which were
determined by observation. Other grain factors such as
harvesting delay, moisture content at milling and grain
purity were generated internally by a random number
generator employing normal distribution functions. Drying
delay, by which is meant the number of days delay between
harvesting the rice and the beginning of the drying
process, was derived by employing a third order gamma
distribution function. The second set of variables
required were: the capacities of the different bins in
cubic meters; the number and capacity of the precleaner;
type, number and capacity of the whitener; type, number and
capacity of hullers; type and capacity of separators and
the mass of paddy processed.

The output provided the milling time in hours,
output in hours, total recovery, head grain recovery and
percent discolored kernels as well as the total energy

consumed in kilowatt-hours.

1.3.2 Linear Network Economic Model

Thé system's cost of operation was evaluated over a
range of capacities using a modeling technique in which the
system was analyzed as a set of components which were
described in terms of their mass and energy character-

istics. The components of the rice mill were classified
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into those that perform material transformations and those
involving transportation. A material transformation
involved conversion of the input material into an output
product while transportation components included transport
energy cost.

The model is in the form of an equation for the
cost of output milled rice in terms of input variables and
technical coefficients. The technical coefficients are
dimensionless numbers that express the ratio of output over
input or vice-versa for a particular process. A more

involved discussion of the method is in Chapter Four.



CHAPTER II
REVIEW OF LITERATURE

In order to carry out the objectives of this
research it was necessary to develop an understanding of
the complete rice milling process and the previous work

done by other researchers.

2.1 Nomenclature

The following terms are commonly encountered in
rice milling literature. Terminologies sometimes vary
depending on milling practices. Milling in Japan, for
example, does not include the husking process, and their
definition of recovery or yield is based on brown rice
rather than paddy or rough rice. The definitions found
here are those used in the Philippines.

a. Rough Rice (Paddy) is unhulled grain.

b. Rice Milling includes the process of removing

the husk from the rough (whole) rice kernel
and bran (pericarp, testa and aleurone layers)

from the brown rice kernel.

14
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d.

£.

h.
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Husking or Hulling is the operation of

removing the husks from rough rice.

Brown Rice consists of rice after the husks
have been removed and separated from the whole
kernels.

Whitening is the process of removing the bran
layer from the brown rice.

Milled Rice consists of the resulting white
rice after the bran layer has been removed
from the brown rice.

Milling Degree refers to the extent the bran
layer has been removed and is expressed in
percentage of the original rough rice.
Polishing or Refining is the process of
removing the powdered bran adhering to the
milled rice after the whitening process.
Broken Rice includes kernels broken into
pieces that range in size from 1/4 to 3/4 of
whole grain.

Brewer's Rice or Points include broken pieces
after milling that will pass through a 1/16
inch sieve.

Head Rice includes kernels that are from 3/4

to whole kernel size.

Foreign Matter or Dockage pertains to



)

16
impurities in rice such as: weed seeds,

stones, sand and dirt.

Chalky Kernels include milled rice kernels
which are at least half non-translucent. It
may be caused by the harvest of immature rice
or also may be genetically related.

Damaged Kernels includes milled rice kernels
damaged by insects or mechanical means.
Discolored Kernels includes yellowish milled
rice kernels damaged by fermentation or heat.
Total Milling Recovery consists of the weight
of milled rice from the milling operation
expressed as a percentage of the original
rough rice (clean and dry) weight.

Head Rice Recovery consists of the weight of
head rice obtained from the milling operation
expressed as a percentage of the total milled
rice weight.

Coefficient of Hulling is the proportion of
brown rice by mass produced by a huller as
percentage of the total amount of paddy fed
into the huller.

Coefficient of Wholeness is the proportion of

whole brown rice by mass as a percentage of
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total amount of brown rice produced by a
huller. '
t. Hulling Efficiency is the product of the
coefficient of hulling and coefficient of

wholeness of grains.

2.2 Anatomy of the Rice Grain and Its Significance
The anatomy of a rough rice kernel is shown in

Pigure 2.1 and a rice mill diagram in Figure 2.2. The

following description is from Araullo, et al. (1976):

The outermost tissue of the grain is commonly known as
the husk and is formed from two specialized leaves,
the lemma covering the dorsal part of the seed and the
palea covering the wventral portion.

The palea and lemma are very loosely joined together
longitudinally by means of an interlocking fold on
each side of the seed and they are consequently very
easily separated. The husk is formed mostly of
cellulosic and fibrous tissue and is covered with very
hard glass like spines. In the dry seed there is a
distinct space between the husk and the cryopsis
(kernel).

The outermost layer of tissue of the cryopsisis a
thin sheet of fibrous cells, the pericarp. This is
sometimes called the silver skin because of its very
flimsy and fibrous appearance when it is dissected
from the grain. The thin pericarp layer is a very
hard tissue that is highly impermeable to the movement
of oxygen, carbon dioxide and water vapour. When it
is intact it provides very good protection against
mold attack and oxidative and enzymatic deterioration
of the underlying tissues. Beneath the pericarp is
the tegmen, which is a layer several cells in
thickness. These cells are also a part of the seed
coat but are less fibrous than the pericarp layer.
They are rich in o0il and protein but contain little
starch. Beneath the tegmen is a layer of tissue
several cells in thickness commonly known as the
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aleurone layer or bran. This layer of cells is very
rich in protein, o0il and vitamins with a relatively
small amount of starch. The shape of the cells is
somewhat hexagonal to spherical. The innermost tissue
of the caryopsis is the starchy endosperm which
contains only a very small percentage of protein. 1In
the central core of the grain, the starchy cells are
somewhat hexagonal in shape, but between the center
and the outside they are elongated with the long walls
radiating outwards from the center. It is the radial
walls of the starchy cells that form thousands of
potential cleavage planes that may result in breakage
of the grain as a result of mechanical impact or
thermal or moisture stress during processing.

In cross-section the total caryopsis has an undulating
shape, the undulations corresponding with those of the
husk. The undulating form is important in the
whitening process because the bran layer can only be
removed entirely when the undulations have been
completely levelled.

The paddy grain husk, which is very fibrous and
covered with spines, is very abrasive and easily
causes wear and tear in mild steel conveying ducts.
Por this reason, bucket eleators and belt conveyors
are preferable.

The distinct space between the husk and the caryopsis
in dried grain allows the grain to be dehusked without
any or with very little abrasion to the pericarp.
Provided the clearance between the shearing surfaces
of the hulling machinery is precisely adjusted, the
palea and the lemma can be separated from the
caryopsis with only a minimal mechanical stress
against the surface of the caryopsis. Dehusking
between rubber rollers can generally be done without
scratching the pericarp. On the other hand, with the
emery disc type of hulling, even if very well
adjusted, it is difficult to avoid at least some
abrasion of the pericarp. When such abrasion does
occur, it usually results in damage to the oily layers
beneath the pericarp that release lipase enzyme during
storage, which results in enzymatic hydrolysis of the
0il to produce free fatty acids, that are commonly
manifested as rancidity. If the grain is to be stored
in the form of brown rice, it is extremely important
that the pericarp of the caryopsis is not damaged
during the dehusking process. 1In contrast to this
limitation, there are a number of advantages to be
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gained from storing the grain as brown rice;

principally, the fact that brown rice occupies about

half the volume of an equivalent quantity of paddy.

It may also be useful when the grain is stored as

brown rice in large milling centrals because they are

equipped to dispose of the large quantities of husk
created. Large centrals are equipped with husk
grinders and have outlets for selling husks as filler
feed for swine and cattle.

The radial configuration of the outer cells of the
endosperm allows easy breakage of the grain kernels. It
has been observed by researchers at IRRI in 19691/ that
breakage during threshing by manual beating of the grain,
even at a moisture content of about 20%, is much greater
than in certain types of mechanical threshing where the
force is applied to the ends of the grain like in spike-
tooth threshers. This indicates that breakage is greater
when impact is exerted along the side of the grain rather
than at the end. The alignment of the longitudinal walls
of the starch cells (see Figure 2.1) across the body of the
grain makes it very friable during the drying process and
when the temperature of the grain reaches 48°C, thermal
stress checks may be the cause of grain breakage during
conveying and milling.

It is very important to avoid breakage of the rice

because in the whitening stage of the milling process, the

surface area of the broken grain exposed to abrasion is

l/See the report of Khan (1969)
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much greater than whole grain and not only bran is lost
but starch as well. This results in a low total recovery

and low recovery of whole grain.

2.3 Rice Milling Process
Rice transformation through several stages of the
milling operation are here defined. The milling process is
generally carried out in several distinct stages with
individual and separate machines doing specific operations.
The transformation stages as shown in Figure 2.3 are as
follows:
a. Precleaning to remove foreign matter with the
use of sieves and air blasts.
b. Detachment of hulls from kernels with
abrasive discs (or rubber rollers).
Ce. Separation of small brokens and coarse bran
(pericarp or silver skin) by screening.
d. Separation of unhulled rice from hulled
(brown) rice by paddy separator.
e. Whitening of rice by removing bran with
abrasive stones (and/or a steel grinder).
f. Refining or polishing rice with leather
strips or brush.
g. Grading of rice with sieves (and/or indented

cylinders).
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2.4 Input Paddy Factors

Nangju and De Datta (1970) found that irrespective of
variety or nitrogen level, the optimum time of harvest of
transplanted rice for obtaining maximum grain and head rice
yields and highest germination percentage was between 28
and 34 days after initial heading in the dry season and
between 32 and 38 days in the wet season. These periods
correspond to moisture contents of between 22 and 19
percent and between 21 and 18 percent, respectively.

Rapusas, et al. (1978) reported that in the dry
season, in Los Banos, Philippinesl/ the non-aerated paday
held in sacks before drying maintained its grade quality up
to 3 days. In the wet season experiment, the non-aerated
paddy held in sacks showed a 1oss in grade with a one day
drying delay.

Ongkingco, et al. (1964) found that the highest
milling recovery was obtained from grain dried to a
moisture content ranging from 13.0 to 14.5 percent wet
basis, with milling yields ranging from 68.2 to 69.9
percent and the highest percentages of whole grain (head

rice) ranging from 58.3 to 58.8 percent. Much lower

1l/The dry and wet season average temperature and
relative humidity in Los Banos are 26.8°C and 80.0 percent
and 26.19C and 85.4 percent, respectively.
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recoveries were obtained from grain dried to a moisture
content of 15.0 to 16.5 percent. Lower percentages of
whole graing were also obtained, which may have been due to
damage caused by overheating caused by respiratory heat

during storage.

2.5 Milling Factors

Manalabe, et al. (1978) reported that the quantity as
well as the quality of brown rice recovered from single
pass hulling varies significantly with the huller
clearance., The indica rice variety has an average brown
rice kernel length, width and thickness of 7.13 mm., 2.18
mm., and 1.66 mm.,, respectively. At 14 percent moisture
content wet basis, the clearance adjustment for optimum
hulling efficiency should range from 3.0 mm. to 4.0 mm., for
the stone disc huller and from 0.75 to 1.0 mm. for the
rubber roll huller. Hulling efficiency on these settings
ranges from 55.1 to 57.8 percent for the disc huller and
82.1 to 83.3 percent for the rubber roll huller. Between
the two huller types, the rubber roll huller had a higher
total outturn of brown rice from paddy of 75.2 as compared
to 72.8 percent for the stone disc huller. There was
partial scouring of brown rice and brokens are blown away

with the husks in the stone disc huller.
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Manalabe, et al. (1978) concluded that the milling

system used did not have a significant effect on the
recovery. The recovery percentage for the milling systems
using a stone disc huller ranged from 63.2 to 64.87
percent, while that for the milling systems using a rubber
roll huller was higher, though not significantly so,
ranging from 66.5 to 67.7 percent.

Researchers at the University of Arkansasl/ found
that the relative humidity of the mill room affects the
yield of head rice. Optimum yields were obtained when the
relative humidity was between 70 and 80 percent. The mill
room temperature did not affect the yields of head rice
when the temperature of the rough rice entering the mill
was approximately the same as that of the mill room air.
The mill room relative humidity ranged between 70 and 80

percent.

2.6 Ambient Relative Humidity and Temperature

Rice milling researchers at the University of
Arkansas presented results of the effects of mill room
humidity on milling efficiency as well as in some portion

of the milling process. The effect of rice temperature

1/See undated Reference entitled Rice Milling Research

Terminal Report of the Institute of Science and Technology,
University of Arkansas, Fayetteville, Arkansas.
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relative to room temperature on milling efficiency was also
studied. The relationship of air humidity and rice
moisture content has been discussed in several published
reports (Hall, C.W., 1963) concerned with hygroscopic
equilibrium. Rice with a moisture content of 12.5 to 14
percent is in equilibrium with the atmosphere at
approximately 70 percent relative humidity, which would
indicate that rice milled under such conditions would
neither gain nor lose moisture.

Rough rice samples of approximately 1,200 1lb each
were collected from representative lots from Southern
Arkansas commercial mills for each series of test runs.

The 1,200 1b samples were divided into six 200 1b mill
samples and stored in airtight containers for three weeks
preparatory to milling. The mill room temperature was held
constant at 809F plus or minus 2°F during all runs. An
attempt was made to mill all runs at relative humidities of
30, 50, 60, 80 or 90 percent with a duplicate run at each
of these humidities. Determination of moisture was made
and the fat content of bran layers was measured in order £o
determine whether bran was being removed to a uniform
degree in a specific series of runs. Figures 2.4 and 2.5
show, respectively, the average deviation from maximum
yield with changes in humidity and the effect of

temperature on Zenith and Rexark Rice.
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Table Ol in Appendix O shows the normal weather

data for Southern Luzon (Philippines) as recorded by the
College Weather Station. The relative humidity varies from
78 to 86 percent with a mean of 83 percent. This
corresponds to a hygroscopic equilibrium of 15 to 16
percent. The variation is negligible on a day-to-day
basis but it is pronounced on a seasonal basis. Figure

2.4 shows that the head rice was reduced under this
condition from 0 to 1.2 percent depending on the actual
relative humidity and rice variety. It was found that the
conditioning of first and second stage hullers was not of
prime importance. It is apparent from the data that the
operations in which the rice comes into contact with large
volumes of air, such as aspirators and elevators, are the
critical points where humidity affects yield of head rice.
Due to lack of data on the effect of humidity on Philippine
grown varieties, this variable was not considered in the

modeling.

2.7 Economic Factors

Shelby, et al. (1974) modeled three rice mills with
capacities of 11.0, 22.0 and 36.8 tons per hour. Capital
requirements and operating costs were analyzed to develop
average cost curves. The importance of maintaining high

levels of mill utilization is shown by the fact that costs
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decreased 30 to 40 percent when the mill operating time was
increased from a 5-day, 40-hour week to a 7-day, 168-hour
week.

The ll-ton-per-hour mill had the highest operating
cost at any given level of time utilization. However, this
relative cost disadvantage narrowed as the operating time
increased. Bagtas and Lizardo (1970) reported that the
benefits to the investor from rubber roll rice mills are
insufficient to make them attractive., Such studies
indicate the need to increase the hours of daily operation
of the mills approximately fifty percent to cope with the
increased harvests derived from HYV's and new farming

technology.

2.8 gSystems Technique Used in the Modeling

Manetsch and Park (1977) identified three major
ways in which models can go wrong. The first is at the
*problem definition" level where a model must obviously
address the correct set of problems. It must adopt the
right variables as policy inputs and include the correct
variables for enabling decision-makers to evaluate
alternative possibilities. Secondly, a "good" model must
in its mathematical structure produce close approximation
of actual experience. This requirement introduces such

complexity as to require that the system be expressed in
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terms of a computer program in order to be efficiently
handled. This means that it is necessary to produce a
mathematical model that approximates the real world.
Pinally, a "good" model must incorporate a computer model
that closely approximates the mathematical model.

Models can be classified according to the view
they take of the real world: microscopic or macroscopic.
Microscopic models take a very detailed view of reality and
represent, explicitly, individual entities moving through,
or being processed by, the system. For example, a detailed
model of the operation of a grain storage system would
represent each individual shipment of grain as it was
loaded or unloaded at the storage facility. A macroscopic
(or aggregative) model, on the other hand, deals with
aggregative flows of goods or services; for example,
aggregated birth and death rates in a population or total
production of a commodity in a geographical region. A good
"problem definition"™ will help decide which type of model
to build. Some problems require a microscopic point of
view; for others, a macroscopic model is clearly more
appropriate.

A second important way to classify models is
whether or not they represent dynamic phenomena in the real
world. A good test to determine whether a given system or

situation is dynamic or not is to pose the question, "wWill
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actions taken today influence the future in some important

ways?" If the answer to this question is "yes," the system
is dynamic. Static models are incapable of providing
information about the future consequences of current
decisions. Static models can, however, be useful in
addressing decision problems in agricultural development.
For example, a static model may provide information to a
farmer on how many acres of various crops he should produce
this year, given particular assumptions about prices and
yields per acre.

A third important way of classifying models is
according to whether they are deterministic or stochastic
(random). A stochastic model contains random elements
which will simulate outcomes of an uncertain nature, while
deterministic models do not. Deterministic models are
appropriate when the effect of stochastic elements are
small or negligible,

Stochastic models approximate the impacts of random
factors and provide decision-makers with some idea of the
range of outcomes that are possible from a particular
decision, given the random factors that are present in the
given situation. In order to do this, models are operated
repetitively in a so-called "Monte Carlo" mode. 1In each
"Monte Carlo" run of the model, the random factors involved

are allowed to take on a different set of values that are
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consistent with the randomness inherent in the real world.
The average value obtained from the "Monte Carlo"
simulation is considered the most likely value to be
encountered in real life situations.

With the broad outlines of the system model
established as a result of sound problem definition and
given selection of the most appropriate model type, two
major approaches to model-building can be employed singly
or in combination. These are the so-called "black box"™ and
"structural" approaches. Essentially the "black box"
approach seeks to identify a system model from data
describing the past behavior of the real-world system.
Through various statistical and mathematical techniques, a
model is derived which in some sense is a best fit to the
historical data.

The "structural" approach to building a model
attempts to represent or simulate the detailed systém
structure that causes the total system to behave as it does.
This approach decomposes a system into its component parts,
builds mathematical models that approximate the behavior of
those component parts, and then interconnects the component
models to obtain a model of the overall system. Many, if
not most, large-scale decision models are developed using
this approach aided by the "black box" approach to fill

certain parts of the structure.
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In system simulation there are significant
decisions to be made in the choice of computational
techniques used in the computer model. Proper choice here
can lead to substantial savings in model development time
and cost.

In almost every model simulation there is a need to
represent the relationship between two variables or
quantities in language a digital computer can understand.
Avery common and efficient means of doing this is the so-
called "straight-line approximation” method. 1In some cases
the functional relationship between two variables can be
implemented with functions built into a programming
language such as FORTRAN (examples are logarithmic,
exponential and trigonometric functions). Programming
using "built-in" functions is easier, but they almost
always use more computer time than the straight-line
approximation method. Another method of function
representation, polynomial approximation, can be extended
to functions of more than one variable but is less common
than the two methods cited.

Differential equations are solved on a digital
computer by the process of numerical integration; and there
are several ways to do this. The simplest and most common
numerical integration technique in agricultural models is

the so-called "Euler" integration.
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Holtman, et al. (1972) discussed that the primary

function of systems analysis is the determination of
performance characteristics of a system of interaction
components operating in a specified environment. The
engineer's basic interest is to study system performance
utilizing various component configurations. 1In some
situations there may exist a fixed set of components from
which those to be utilized are selected. Alternatively,
the primary emphasis may be the design of a particular
component which is suitable for use in the system. 1In
either case, the systems methodology will be enhanced if
component manipulation capability exists.

A second feature of engineering models is the
description of mass and energy flows among components. The
system is viewed as a collection of components which
interact with each other and their environment via mass and
energy exchanges. The law of continuity is involved at
every exchange point.

Finally, a level of energy is associated with each
material. The energy level is an intensive attribute which
reflects the energy required (per unit of material) to
place this material in its current form and location.

Koenig and Tummala (1972) discussed the components
of an ecosystem into three general classes: material

transformation processes, material transport processes and



37

material storage processes. All production_processes in
industry and agriculture can be defined as transformation of
materials to achieve a well defined change in their
physical, chemical, technological or biological structure,
through the application of energy in one or more of the
three forms: solar, human and/or physical. The
transformation processes are organized in technical units
called plants, a plant being a technically coordinated
aggregate of fixed capital under common management. The
term "process" is used in a semi-abstract sense as distinct
from the total productive activity of the plant. It
specifically excludes the technological treatment to which
materials are subjected to bring them further toward their
completed state as products useful to man.

Transport processes in the ecosystem can be viewed
as a special class of material transformation processes
wherein the process simply moves the material form from one
geographic location to another at a cost.

Storage processes can also be viewed as a special
class of material transformation processes wherein the
input and output materials are identical in form. The
accumulation of material and energy (or monetary value of
inventory) depend upon the flow rates ingoing and outgoing

in the storage process.
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A model of the physical and economic character-
istics of any given or proposed system is obtained by
constraining the free-body models of the system components
according to the laws of material and energy balance
imposed by the interconnections between the material
transformation, transportation and storage processes and
the components of the natural environment.

Various literature on grain and food handling were
reviewed to find out if there was previous work on modeling
grain processing facilities. This author did not come
across any technical model of grain-handling facilities
similar to the proposed model. However, an economic model
by Shelby, et al. (1974) was discussed earlier in Section

2.7.

2,9 Summary of Review of Literature

From the preceding review of literature sufficient
information on rice grain parameters was obtained to build
a rice mill systems model. Important grain parameters
include input paddy factors such as: moisture content at
milling, maturity, purity and drying delay. Environmental
input variables such as relative humidity and ambient
temperature are fairly constant on a dayjto-day basis; and

were assumed constant in this modeling.
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The parameters which are controllable in rice mill
design include type and size of component for each process
stage. Additional data were needed on the rice mill
parameters to successfully simulate a rice mill operation
including consumption and time analysis of various
components. A more detailed discussion of this is
presented in Sections 3.3, 3.4 and 3.5. Other parameters
such as material reduction rate, conversion efficiencies
and machine capacities are available and were discussed in
Section 2.5. Two management input variables are non-
controllable: the operator's skill and dedication and the
condition (state of repair) of the mill, hence these
variables are unpredictable for a simulation model. It was
decided by this author to assume that good maintenance is
performed and that proper training and conditioning of mill
operators takes place (which is highly desirable). The
Philippine government through the National Grains Authority
in connection with the University of the Philippines at Los
Banos has been conducting training on rice milling for rice
millers and operators since 1972. The training consists of
lectures and laboratory work in the Grain Processing
Laboratory in Los Banos and on-site training in NGA leased
commercial mills. The training emphasizes the importance

of well maintained equipment and its proper adjustment.



CHAPTER III

RICE MILL PERFORMANCE MODEL

This chapter covers the development of the rice

mill performance model and its implementation with a
computer. Based on the specific objectives of this study
as presented in Section 1.2 and the discussion of systems
technique in Section 2.8, it was decided to develop a
stochastic static model. This model incorporated grain
variables such as: harvesting and drying delay, moisture
content and purity of paddy. It was decided to employ a
microscopic view of the rice mill to study precisely what
occurs as a batch of grain goes through the stages of the
rice milling process. A "structural" approach was utilized
to enable the model user to manipulate components for
purposes of simulating various combinations and capacities

of machinery.

3.1 Model Definition

Primary considerations for rice mill output

performance evaluation were the milling yield and rice

40
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quality. The parameters that affect these variables were
analyzed. A causal diagram was developed and is shown in
Figure 3.1. The system was identified based on this

diagram.

Energy consumption, which is another performance

criterion, is discussed separately in Section 3.4.

Desired Outputs are:

a. High milling yield and high proportion of head
grain (unbroken kernels).

b. High quality of grain (no discolored and
checked kernels).

c. Clean grain kernels.

Designer Controllable Input Variables are:

a. Type and size of component for each process
stage.

b. Mill capacity (tons per hour).
C. Optimum combination of locally produced and
imported equipment.
Management Non-controllable Input Variables are:
a. Operator's skill and dedication.

b. Condition (state of repair) of mill.

Non-controllable Environmental Input Variables are:
a. Relative humidity.

b. Ambient Temperature.
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Non-controllable Inputs are:
a. Input grain parameters.

b. Total grain input per batch (tons).

3.2 Grain Variables

Data on the grain variables that affect milling
quality (maturity, moisture content at harvest and at
milling, drying delay, purity and grain-shape) were
obtained from several studies by other researchers;l/
These studies were done under controlled conditions to
isolate the effect of each variable. The value of each
(loss or yield) variable was expressed as a percentage of
the maximum value attained in the experiment. These
percentages were then multiplied to obtain an index similar
to Steele's multiplier (Steel, et al., 1969). These
reflect the extent of damage due to adverse conditions. If
grain was produced and processed under ideal conditions,
its milling yield and quality index would be at a maximum
value for that particular grain-shape. The use of grain
shape2/ jinstead of variety has the advantage of eliminating

model obsolescence as new varieties are developed.

1l/see the works of Camacho, et al.; Eriyatno; Nangju and De
Datta; and Rapusas, et al.

2/See Appendix J, Figure 3.15 and Section 3.3 for more
details.
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3.2.1. Input Paddy Factors

Grain is a living and respiring biological product
and its treatment prior to milling has a direct bearing on
the quality of the final product. These include production
treatments such as fertilization, solar radiation and
irrigation; and post-hafﬁest conditioning such as harvest
maturity, drying method, duration of storage and delays in
the various processing operations. It was not possible to
include the effect of all these factors due to non-
availability of data. However, the variables that have the
greatest known effect on the quality of the final rice
product were included. These were maturity at harvest,

drying delay, moisture content at milling and grain-shape.

3.2.1.1 Maturity at Harvest

Nangju and De Datta (1970) reported the effect of
time of harvest on the grainyields of four varieties in
the dry season. When the varieties were first harvested
at 16 days after initial heading (DAH), the kernels had
just turned from the milk stage to the soft dough stage,
the kernels were thus under-developed, mostly green and
partly filled. The mean moisture contents of the mature
grain, unfilled grain and green kernel at 16 DAH (average
of four varieties at three nitrogen levels) were 33, 36 and

89 percent, respectively. As the harvesting was delayed,
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more of the kernels were fully filled and had turned from
green to yellow. Consequently, the percentage of unfilled
grains and of moisture content of the grain decreased and
the 100 grain weightd/ increased in grain yield during the
early ripening period. The 100-grain weight sample from
filled grains was highest at about 22 DAH., The further
increase of grain yield after 22 DAH apparently resulted
from a decrease in unfilled grains, which was lowest at
about 30 DAH.

For the wet season, the mean moisture content
percentages for the mature, unfilled and green kernels at
16 DAH (average of four varieties and nitrogen levels) were
34, 44 and 89, respectively. As the moisture content of
the grain decreased and the 100-grain weight increased, the
grain yields of the four varieties increased.

Data showing the effect of time of harvest on
percentage of total milled rice and head rice for the four
varieties during the dry and wet seasons are presented in
Figure 3.2. In both seasons, total milled rice and head
rice yields increased to maximum values until the moisture
content decreased to the point of optimum yield. There-
after, total milled rice yields remained fairly constant,

whereas head rice yields dropped off with a further

1l/A 100-grain weight is the weight in grams of 100 grains
of rice.
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decrease in moisture content. A combined graph as
discussed in Section 2.4 is shown in Figure 3.3.

The low levels of head rice for the four varieties
at early harvest were primarily due to the presence of many
immature, green and chalky grains, which were easily broken
during hulling and polishing. As the level of these low-
quality kernels decreased, the head rice yield increased.
After reaching the maximum value of head rice yields, the
head rice yield at later dates was caused by the alternate
wetting and drying of the grains, which caused sun-
checking.

When variability arising from varieties and
nitrogen levels was ignored, the maximum head rice level
occurred between 24 and 34 DAH in the dry season and
between 32 and 38 DAH in the wet seasons. Harvesting
before or after these optimum periods resulted in
significant head rice decreases due either to under-
ripening or over-ripening of the kernels. The
corresponding moisture contents of grain during these
optimum stages were between 19 and 25 percent for the wet
season and between 18 and 21 percent for the dry season.

Camacho, et al. (1978) reported that farmers used
several methods which could be categorized as follows:
twenty-one percent used maturity date, eight percent used a

percentage of 50-69 ripe grains, eleven percent used a
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percentage of 70-89 ripe grains and sixty percent used a
percentage of 90-100 ripe grains. Although most harvested
at maturity, 5 percent delayed up to 10 days after maturity
and a few advanced the harvest 1 to 10 days before
maturity. In the simulation normal distribution was used

with the mean being the optimum harvest date.

3.2.1.2. Delay in Drying

Rapusas, et al. (1978) found that the quality of
paddy deteriorated with delays in drying. This study was
conducted during both the dry and wet harvesting seasons of
1976 and 1977 in the Grain Processing Laboratory of the
University of the Philippines at Los Banos. The three
study methods of handling paddy were: sack handling with
28 m3/min.-ton aeration, bulk handling with 35m3/min.-ton
aeration, and sack handling without aeration treatment.
The three rice varieties tested for both seasons included

IR-26, IR-32 and IR-38.

Dry Season Results

Based on the percentage of damaged kernels in
milled rice as the controlling factor, non-aerated paddy
was stored from 1 to 3 days before drying without loss in
grade. However, when delay in drying was prolonged to 15

days, the recovered milled rice had deteriorated to sample
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grade. The paddy in sacks aerated at an airflow rate of

28m3/min.-ton was held after threshing up to 9 days prior
to drying. At an airflow rate of 35m3/min.-ton applied on
paddy handled in bulk, the safe period of drying delay was
extended up to 2 weeks.

Laboratory milling of paddy samples from all the
handling treatments revealed a slight decrease in milling
recovery because of drying delay, although paddy held
without aeration (Figures 3.4 and 3.5) showed a faster rate
of deterioration as delay increased. Aerated paddy in bulk
and in sacks gave an almost uniform milling recovery after
26 days of drying delay. At the same time a drop of less
than 1 percent from the initial milling recovery was
evident for paddy held without aeration treatment.

Head rice yields of aerated paddy in bulk and in
sacks were higher than those obtained from non-aerated
paddy at any period of drying delay. This can be
attributed to the presence of being fewer damaged kernels
which break easily during milling. Paddy aerated at an
airflow rate of 35m3/min.-ton gave better head rice yields
than those aerated at 28m3/min.-ton. Neither airflow rate
maintained the initial head rice yield obtained when paddy

was dried immediately, however.
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Wet Season Results

Aerated paddy held in sacks and in bulk showed no
lowering of grade based on the percentage of kernels for a
drying delay of 2 or 3 days after wet seéson harvests.
After ten days, however, a decrease in milling recovery was
experienced in paddy no matter how stored. With aeration,
however, smaller reduction in millihg recovery was
experienced. Paddy stored without aeration for the ten-day
period yielded a four percent decrease in milling recovery
as compared to aerated paddy. Smaller decrease of milling
recovery was observed for paddy aerated with 28m3/min.-ton,
followed by the paddy with 35m3/min.-ton. For 10 days
drying delay, there was a 4 percent drop in milling
recovery of paddy stored without aeration as compared to
the initial milling recovery of aerated paddy that was
dried immediately after threshing. The milling recovery of
aerated paddy either in sacks or in bulk dropped by about 2
percent from the initial milling recovery of 66.8 percent
for a 10-day drying delay.

With non-aerated paddy there was a rapid decrease
in head rice yield as drying was delayed 10 days. This
reflected the rapid increase in damaged kernels which are
prone to break during milling. After a two-day delay in
drying there was already a drop in head rice of 4.6 percent

from the initial head rice recovery of 84.6 percent.
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The graphs on Figures 3.3, 3.4 and 3.5 were
incorporated in the simulation by the use of a "straight-
line approximation" method discussed in Section 2.8. The
drying delay was generated by the computer in accordance

with the probability distribution shown in Figure 3.40.

3.2.1.3 Moisture Content at Milling

Ongkingco, et al. (1964) reported that there was a
direct correlation between moisture content and milling
recovery. Tables K1 to K8 in Appendix K show the milling
recovery of samples milled one day after drying and at
storage periods of one month, two months and three months
after drying. The milling recovery for rice stored at
moisture contents of 13 to 14.5 percent was the highest at
the one-month milling date. After this there was a gradual
decrease in milling recovery. In the fourth and last
milling, the recovery increased again but to a lower value
than in the first milling., This variation in milling
recovery was attributed to variation in moisture content of
the grain at milling which in turn was attributed to
prevailing weather conditions.

Eriyatno (1979) presented a mill conversion curve
(Figure 3.6) which has a mathematical relationship between

rough rice moisture content and mill conversion as follows:
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CRHEAD = -0.28879 + 18.715072 x RRMC - 123.970912
x RRMC2 + 257.996278 x RRMCS

where CRHEAD = percentage of head rice, in percent of
rough rice

RRMC = rough rice moisture content, percent wet
basis

Paras (1976) measured grain rigidityl/ at different
moisture contents (Figures 3.7, 3.8, 3.9 and 3.10). A
graph of the relationship is presented in Figure 3.11.
Rigidity may be converted to pressure by dividing the
rigidity in kilograms by the cross-sectional area of the
plunger on the rigidity tester.

Sang Ha No (1976) presented a characteristic curve
for a whitening machine showing the relationship between
head rice recovery and radial pressure (Figure 3.12). 1In
this figure, the capacity scale of the lower horizontal
axis was developed using the linear relationship which
exists between average grain radial pressure and machine
capacity. The head rice recovery-radial pressure (H-Pr)
curve constitutes the upper scale of the horizontal axis
showing radial pressure and the left-hand vertical axis
showing head rice recovery. The capacity-electric power

consumption (C-EC) curve involves the horizontal axis

l/Rigidity is the hardness in kilograms of a grain kernel
measured by a tester consisting of a plunger with a 5 mm,
diameter.
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Figure 3.7.

Rough rice at different
moisture contents was collected
during a drying run using a
flatbed mechanical drier.



Figure 3.8. Moisture content of samples
were measured using a capa-
citance moisture meter.
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Figure 3.9. The rough rice grain sample
was dehulled by hand.
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Figure 3.10. Pressure was applied on the grain
until it cracked and the force and
pressure recorded. A total of 50
grains at each moisture content
level was tested.
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Figure 3.11 Grain Moisture Content VS Rigidity
All information where the source is not
noted were gathered by the author for
this dissertation.
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(capacity) and the right hand vertical axis (power
consumption). The dotted lines along the H-Pr curve show
the variation caused by differences in cylinder speed,
screen type and counterpressure.

The general characteristic curve shows that when
internal radial pressure is maintained at a low level, head
rice recovery will be high but machine capacity will be
limited and energy consumption per unit of output will be
high.

In contrast, if radial pressure increases beyond
the optimal range noted on the chart, a sharp decrease in
head rice recovery occurs without any significant increase
in power consumption efficiency or machine efficiency.
Therefore, to ensure high machine and milling efficiency,
it is important to maintain the pressure inside the
whitening chamber within the optimal range by controlling
the feed rate and the counterpressure during milling
operation.

The four relationships presented by Ongkingco,
Eriyatno, Paras and Sang Ha No are in close agreement with
each other in that they show that as the grain moisture
content reaches 15 percent or a pressure of 1.75 kg. per

cm.2, the head rice recovery starts decreasing.
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The milling yield by Eriyatno was adopted by the
author for predicting head rice yields in the simulation

model.

3.3 Grain Shape Measurements

The various rice varieties differ in their grain
shape (length-width ratio) and hardness. The first
property could be easily measured using the FAO recommended
method. The second property is affected by other variables
such as: moisture content, fertilization and delay in
drying.l/ Due to lack of information and also the
difficulty involved in segregating these effects, this
author decided not to include variation of grain hardness
(due to variety) in the analysis.

Pigure 3.13 shows the relationship between grain
shape and head rice. The grain shape ratio was obtained by
dividing the length of a brown rice kernel by the width.2/
Grains with a ratio of 1 to 2 are classified as round
shape, those with a ratio of 2.1 to 3 are bold and those
with a ratio of 3.1 to 4 are slender. The varieties grown

in the Philippines are either bold or slender. Two

J'/See works of Eriyatno (1979), Nangju and De Datta (1970)
and Ongkingco, et al. (1964).

;/See Appendix J for actual values.
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Japonica (round shape) varieties grown in Korea were

plotted on the graph for comparison purposes.

3.4 Measurements of Energy Consumption and Milling Time

Energy consumption and milling time were the two
other performance criteria measured for the model. To
measure energy consumption and milling time, it was
necessary to monitor the following electrically driven
conventional disc-cone mills:

1. Mindanao Progress Corporation, Quezon City
(6.25 tons per hour).

2. Tobacco Industries of the Philippines,
Valenzuela, Bulacan (2.5 tons per hours).

3. U.P.L.B., Los Banos, Laguna (1.0 ton per
hour).

3.4.1 Methodology

The input paddy which was supplied by the National
Grains Authority (NGA) was first weighed in bags. The
weight of the empty bags was then subtracted from this
gross weight to get the net weight of paddy. One observer
was then posted at each machine component and at a
predetermined time, the rice mill was started. The
observers (whose watches were synchronized) then noted the
time of entry and exit of paddy or rice as the case may be.
Voltages, amperages, power factors and efficiencies were

noted at each electric motor at three different times using
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clamp-on (induction) testers during the milling operation
(Figure 3.14). The time at which each component was shut

down was also noted by the observers.

3.4.2 Analysis of Results

The total milling time then was the time from the
start-up of the mill to the shut-down of the last
component., This was equivalent to the operating time of
the last machine component plus the delays before the paddy
reached the last machine component. In the computer model,
the total milling time was obtained by adding all the
different delays plus the operating time of the last
machine component. The delays were calculated by dividing
one~-half of the capacity of the feeder bins by the handling
rate of the machine component immediately ahead of it. The
time measurement data obtained in the milling operation in
the three rice mills were used for validating the computer
results., PFigures L1 and L2 in Appendix L show the results
of the time measurements. It was learned that the practice
of waiting for the feeder bins to be half-full increases
the time delay between two batches of paddy. It took
almost an hour (53 minutes) for the rice to travel from the
intake to the output in the 2.5 ton-per-hour locally made
mill. It took only seven minutes for the imported 6.25-

ton-per-hour mill because of the smaller bins.
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Figure 3.14 Measurement of voltage and current of motors during
a milling run. Some motors were inaccessible and
must be measured at the control panel.
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Figure 3.15. Motor nameplate data were noted as to the power
factor and efficiency ratings.
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The energy consumption was computed by the

following formulas:

Power (kw) = Current (I) x Voltage (V) x
Power Factorl/ x Efficiency2/

Energy Consumed (kw-hr) = Power (kw) x Processing
Time (hr)

Current, voltage, power factor, efficiency and time
came from measurements on each machine component. The
total energy was the sum of the energy consumption of each
individual machine component. Appendix Table Al shows the

results of these measurements and computations.

3.4.3 Discussion of the Different Machine Components
Figure 3.16 shows a double-sieve precleaner which
is commonly used in Philippine rice mills. The large-mesh
upper sieve performs a "scalping" operation which is the
removal of straws and other large impurities by allowing
the smaller grains to pass through. The lower fine-mesh
sieve performs a "screening" action which is the removal of
smaller impurities such as sand by allowing them to pass

through the sieve opening. The sieve assembly was mounted

1l/pPower factor of the electric motor is the cosine function
of the phase angle or the ratio of resistance to impedance.

2/Efficiency of the electric motor in converting electrical
energy into mechanical energy.
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on flexible wooden legs and driven in a reciprocating
motion by an eccentric mechanism. Figure 3.17 shows a
single-drum precleaner used in Japanese mills. It operates
on principles similar to the double sieve except for the
addition of a suction blower which eliminates fine dust and
a scalping drum which eliminates large impurities.

The power requirements of these two types of
precleaners are shown in Figure 3.18. The double-sieve
precleaner has a lower power consumption but has the
disadvantage of creating a very dusty operating condition.
The single-drum precleaner eliminates this problem by
blowing the dust through exhaust pipes and out of the mill
building.

The disc huller (Figure 3.19) consists of two cast-
iron discs partly coated with an abrasive emery layer. The
topdiscis fixed in the frame housingwhile the bottom
disc is driven by a belt pulley. The paddy is driven
centrifugally between the discs and approximately sixty
percent of the paddy is dehulled by the friction and
pressure between the discs and grains.

The rubber-roll huller was developed in order to
provide a huller that does not damage the second protective
layer (pericarp) of the kernel (Figure 3.20). This is
advantageous in that transporting and storage of brown rice

greatly reduces the space requirement. The rubber-roll
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huller consists of two rubber rolls, one of which has a
fixed position and the other has an adjustable position
that enables the desired clearance between the two rolls to
be fixed. The rolls are mechanically driven in opposite
directions. The adjustable roller turns at a speed 25
percent lower than the fixed roller. The paddy passes
through the gap between the rolls and is twisted and
dehulled. The resiliency of the rubber roll provides some
tolerance for variation in grain sizes and its smoothness
eliminates abrasion to the pericarp. The relationship
between hulling capacity and hulling time is shown in
FPigure 3.21. Different grain types, i.e., short, medium
and long, have different hulling times. The power
requirement for these hullers is shown in Figure 3.22.

The separation of broken brown rice and coarse bran
(damaged pericarp) after hulling provides additional income
to the rice mill. Otherwise, the broken brown rice would
be blown out of the mill in the husk aspiration process.
Pigure 3.23 shows a V-type sifter commonly employed in
Philippine mills for this purpose. It operates on the
"screening” principle and is oscillated by an eccentric
drive. The power requirement is shown in Figure 3.24.

Due to the lack of individually driven and
electrically powered machines in the Philippines, there are

only three actual data points available. However, the
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curve must pass through the origin as an initial condition
that the power requirement is zero when the capacity is
zero. The values obtained in the measurement show that for
this machine, the power requirement goes down as the
capacity increases which rules out the use of linear
relationship between capacity and power requirement. 1In
view of these considerations in addition to the fact that
the other machines used power curves, the relationship used
for the power sifter was a power curve., The next machine
used in the processing of rice is the husk aspirator shown
in Pigure 3.25. The operation is based on screening and
aspiration. The mixture of husks, brown rice, brokens,
bran and dust is discharged on an oscillating sieve which
separates the brokens, bran and dust. The mixture of
husks, paddy and brown rice is then passed through the husk
aspirator which separates out the husks and dust. The
power requirement of this machine is shown in Figure 3.26.
For the husk aspirator, there are only two actual
data points available and there is no indication that the
power requirement goes down as the capacity increases.
Another machine which is constructed similar to the husk
aspirator but not included in conventional cone-type rice
mills is the aspirator plus stoner for use in removing
impurities from paddy in rubber-roll mills. There are

three actual data points for this machine and the power
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curve is similar to the power curve for the husk aspirator.
The efficiency of hullers varies between 60 and 95 percent
which leaves from 5 to 40 percent unhulled. The
compartment-type paddy separator is used in the Philippines
for separating the paddy from the brown rice and it uses
the differences in mass and coefficient of friction of the
two grains. A newer machine, the tray-type separator,
utilizes their differences in specific gravity but is not
effective in countries where moisture content of paddy
varies greatly. Figure 3.27 shows the operation of a
compartment-type paddy separator. The mixture of paddy and
brown rice is introduced into the center of a specially
shaped passage (bottom diagram) which is steadily
reciprocated in the direction of the arrows on the left.
The paddy, because of its heavier mass and lower
coefficient of friction, hits the walls harder causing it
to bounce from wall to wall through the passages going up
the inclined passage until it reaches the left-hand side.
The lighter and stickier brown rice hits the wall
more softly and because of the downhill inclined surface it
eventually reaches the right-hand side of the passage.
The frequency of the oscillation is usually adjustable and
some machines also have adjustable stroke length (Figure
3.28). Figures 3.29 and 3.30 show the hulling time and

power requirement, respectively.
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Figure 3,27 Grain Flow through the Paddy Separator
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The next operation is done by a whitening machine
and involves the removal of the pericarp and the bran layer
of the brown rice. PFour kinds of whitening machines are
widely used in the rice-processing industry, namely:

a. The vertical abrasive whitening cone,

b. the Engleberg friction whitener,

C. the horizontal abrasive whitener, and

d. the horizontal jet friction whitener.

Pigure 3.31 shows the whitening cone which consists
basically of an inverted frustum of a steel-reinforced cone
made of emery and carborundum stone surrounded by a fine
mesh sieve and 30 to 50 mm. wide rubber brakes. 1In
operation, brown rice is introduced from the top and is
subjected to a grinding action and pressure of about 5 Pa,
as the cone rotates and the rubber brakes prevent the rice
from moving about freely. The Engleberg whitener is not
commonly found in the Philippines as a whitening machine
but rather as a one-pass rice mill. However, in some
plants in the U.S., it is used in series (10 to 20 units)
whitening.

The horizontal abrasive whitener (Figure 3.32)
which is also used in conjunction with the horizontal jet
friction whitener (Figure 3.33) is the latest technique in
rice whitening. The abrasive whitener consists of

carborundum rollers and a feed screw mounted on a shaft.
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The assembly is enclosed by a perforated-steel cylinder
with three equally spaced bars with resistance pieces
(similar in purpose to the rubber brakes of the cone
whitener). The horizontal jet friction whitener is a
result of several improvements on the Engleberg mill.
These improvements include position of the outlet,
adjustable weighted outlet and air jet which blows off the
bran and cools the milled rice. Figures 3.34 and 3.35,
respectively, show the whitening time and power requirement
of the different whiteners discussed.

The next operation is the removal of brewer's and
small brokens from the milled rice. This is accomplished
by the use of an oscillating sieve (Figure 3.36) using the
screening principle. The top sieve consists of a single
screen which allows the smaller particles to pass through
the lower compartment. The oscillating motion of the sieve
speeds up the process. The sieve in the middle consists of
two screens of different sizes and also works on the
"screening” principle allowing the smaller particles to
pass through the bottom compartment. This arrangement
results in three sizes of grain particles, namely, whole or
head grain, large broken and small broken. The bottom
system consists of two sieves of single screen each and

produces three sizes of product. Any number of grain sizes
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could be separated by the use of different sieve sizes,

The power requirement is on Figure 3.37.

3.5 Distribution Functions of Input Paddv Factors

The distribution function of paddy purity and
moisture content is determined using the Chi-square
goodness-of-fit test (Appendix D). The frequency graphs of
these two variables are shown in Figures 3.38 and 3.39.
These two variables plus the harvesting data were generated
using a table look-up function (Appendix B) in conjunction
with the cumulative normal distribution function and a
computer built-in random number generator. A table look-up
function is one of the computer subroutines specifically
designed for simulation work. In some situations, one
system variable is to be causally related to another and
either an explicit mathematical function is not known or
one cannot be reasonably assumed. More details are in
Appendix B. Physical damage, i.e., cracking and chemical
(fermentation) are affected by drying delay. Drying delay
was defined as the number of days from harvesting to drying
of paddy at equilibrium moisture content. It was assumed
that the delay was the same for sun drying and mechanical
drying. Drying delay is caused by three successive delays,
cutting, hauling and threshing. It was simulated by a

third order gamma distribution function. The actual



99

SLLVM ‘LNIWIHINOIY HIMOd

S0

o'l

st

o'eC

K4

o't

St

a34IND3H H3IMOd ANV ALIDVdVYD HIAVHD 3D1H LE'E IHNOIS

HNOH H3d S NOL ‘ALIDOVdVYD H3IAVHD

‘d’H ‘ANIWIHINO3IY HIMOd



100

0.4

0.3

0.2,

PROBABILITY

0.1

////4/4 /

9.0 10.0 11.0 12.0 13.0 '14.0 15.0
MOISTURE CONTENT, PERCENT

0.0

Figure 3.38 Probability distribution for moisture
content of paddy delivered for rice
milling in the Bicol region.
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Figure 3.39 Probability distribution for purity of
paddy delivered for rice milling in
the Bicol region.
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cumulative distribution graph is shown in Figure 3.40. For
more details on gamma distribution function and the

subroutine gamma, see Appendix C.

3.6 Computer Implementation of the Model

The computer used in the modeling was a Radio Shack
TRS-80 Model I with 16K RAM and BASIC level II language.
The program is depicted by the flow chart in Figure 3.41.
After initialization, the rice mill parameters and grain
variables were read. These include capacities of the rice
mill, precleaner, huller, separator, huller bin, bran
sifter bin and whitener bin; huller, whitener and separatbr
types and the number of hullers and whiteners. The grain
variables include drying method, grain shape, grain type
and the growing season.

The first operation was precleaning, which involves
computation of the material reduction variable by using
subroutine random. This subroutine is a table look-up
function with a normal cumulative distribution function and
a random number generator. For more details on the
subroutine random, see Appendix B. Other variables
computed were run time, time delay to £ill huller bin and
energy used. The next step was the hulling operation

which was by either a disc or rubber-roll huller. The
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CALL

DETERMINE A RANDOM VALUE
FROM BUILT-IN COMPUTER FUNC.

[ 2

COMPUTE THE DIFFERENCE BETWEEN THE INDEPENDENT
ARGUMENT (VARIABLE) AND THE SMALLEST VALUE
OF THE INDEPENDENT ARGUMENT

¥

DUM = Y - SMALL

NO
y
DUM = (K- 1) *DFI =1+ DUM/DIFF
IS
== K 4
NO ? YES I=K-1

XBAL = F® (Z) + ((F¢ (Z+1) - F(Z) )/DFI1) * (DUM - (FIX(Z-1) ) - DFI

RETURN

Figure3.42 Flowchartof subroutine RANDOM. Subroutine TAB is similarto
the above chart except for the absence of the first biock.
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Com )

7
D=1.0

TO=THH1

b

—_R$=FRND(S)

YES IS
TP =Q1

? NO

XCAL =-LOG (TD) / (FIX(Q1/S1)

Figure 3.43 Flow chart of subroutine GAMMA.
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performance of the huller varied also with grain type,

i.e., short, medium or long. The next operation was coarse
bran separation. Coarse bran has some monetary value so it
was separated before passing the material to the husk
aspirator. After the husk aspiration process, the mixture
of paddy and brown rice is passed to a separator. The
performance of the separator varies again with the grain
type. The next step, whitening of the brown rice, was done
in series whiteners. The number of whiteners varied from 1
to 6 depending on the size and type of mill. The final
step was the grading operation where brewer's rice was
separated from the mixture of broken and head rice.

The quality indexd/ was computed in the grading
operation., The index is the product of four indices: (1)
moisture content at milling, (2) harvesting delay, (3)
grain shape and (4) drying delay. The quality of paddy
index includes the head rice recovery percentage from the
milling operation. Other variables computed were total run
time, rice output, recovery, head rice, discolored kernels

and total energy used in the operation.

l/This is similar to Steele's multiplier used to obtain dry
matter loss in corn deterioration. See the work of Steele,
et al. (1969).
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3.7 An Example of How to Use the Rice Mill

Performance Model

The data that the model user must input into the

(l1ines 175 to 181) in Appendix E are as follows:

Number of Replication (R) = 1 to 100

Paddy Cleaner Capacity (PCAP) = 0.33 to 1.83
tons per hour

Huller Bin Capacity (HBIN) = 0.0069 m3

Whitener Bin Capacity (WBIN) = 0.009 m3

Paddy Separator Bin Capacity (PBIN) = 0.0089
m

Rice Mill Capacity (RCAP) = 0.33 to 0.83 tons
per hour

Number of Paddy Cleaner (CPN) = 1.0

Separator Capacity (SCAP) = 0.495 to 1.98 tons
per hour

Number of Whitener (NW) 1l or 2

Whitener Capacity (WCAP) = 0.255 to 0.731 ton
per hour

Huller Type (HT): Disc or Rubber Roller
Whitener Type (WT): Cone or cylindrical
Drying Method (DM): Sun or mechanical

Paddy Huller Capacity (PHCAP) = 0.294 to 1.83
tons per hour

Number of Paddy Huller (HNP) = 1 or 2
Grain Shape (GS) = 1.0 to 4.0
Input Paddy Mass (I) = any mass, say 10.0 tons

Separator Type (ST): Fixed or adjustable
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S. Grain Type (GT): Short, medium and long

t. Growing Season (SEAS): Wet or Dry

u. Sifter Bin Capacity (SFBIN) = 0,077 m3

Once all the above information is typed into the
statements in lines 175 to 181 of the computer program, the
rice mill performance model is ready for a simulation run.
In the TRS-80, this is done by typing in "RUN" and pressing
the input button. The computer then prints or displays the
results as in Table 3.1.

The first column gives the time in hours it took
the rice mill to process 10 tons of paddy and the second
column is the output in tons of milled rice. Column three
is the head rice recovery based on clean paddy. It is
obtained by dividing column two by the weight of paddy
after the precleaner. The fourth column gives the head
rice recovery which is based on the total milled rice
recovered. Column five gives the percentage of discolored
or fermented grain. The last column gives the energy in
kilowatt-hours that was used in the rice milling
operation.

Different combinations of equipment such as disc
huller-cone whitener-fixed separator or rubber roll huller-
cone whitener-adjustable separator, etc. may be used. The
bin capacities may also be changed to vary delay times.

The number of equipment may also be changed such as from
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double parallel to single huller. Growing season, grain

type, grain shape and drying method may also be changed.



CHAPTER IV

LINEAR NETWORK ECONOMIC MODEL

The linear network economic model was developed to
evaluate the cost of milling rice over a range of
capacities. The model takes into account the differences
in the amount of by-product produced by each mill. For
example, the Engleberg type steel hullers produce large
amounts of bran, powdered husks and brewer's rice which have
some economic value. To compare such a mill with a rubber-
roll mill in terms of rice output alone would be biased as
to by-product values.

To evaluate the milling system's cost of operation
over a range of capacities, the system was analysed as a
set of components described in terms of their mass-energy
characteristics. The components of a rice mill are of two
types, material transformation and transportation
components. A material transformation is conversion of the
input material into an output product. The transformations
are performed by the application of processing energy which
is non-linear. Transportation components incur a movement

material transfer energy cost.

109
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4.1 Theory of Linear Network Economic Model

Linear network economic modeling utilizes
Electrical Network Theory and the Principle of Energy
Conservation. Electrical Network Theory was developed from
Kirchoff's Circuit Laws, namely, Kirchoff's Current Law
and Kirchoff's Voltage Law. This approach was used by
Holtman, et al. in 1972 in the analysis of a poultry farm,
and the following year Hughes applied it to the analysis of
beef production systems in Michigan. The latter model was
also applied to a dairy farm and later to a field crop

production system.

4.1.1 Kirchoff's Circuit Laws

These laws could be best explained by an
illustration. Consider an electrical circuit consisting of
two resistors, 1 and 2, and a battery as shown in Figure
4.la. Kirchoff's Current Law states that the sum of all
currents flowing into a junction is zero. Applying this
rule to junction 0 in the figure, the symbols il and ig
refer to the current passing through resistors R; and Rjp

and the symbol i; refers to the current through battery Bj.

i1 + iy - i3 =0

i3 =i + ij
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R1

© j'i@ = (@0
W e

—0

loop

(a) (b)

Figure 4.1 Example circuit and its linear network.

(a)

Figure 4,2 Modified circuit and its linear

network,
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The result is obvious to the reader from the figure
by inspection. Kirchoff's Voltage Law on the other hand
states that the sum of voltages around a closed loop equals
zero. Applying this rule to loops 1, 2 and 3 in Figure
4.1la:

0

loop 3: Vi - vy

loop 2: V3 + Vg =0

loop 1: V3 4yl =0

Again, the results are seen to be correct by

inspection. Figure 4.la could be transformed into another
form called linear network shown in Figure 4.1b. The
circuit equations could be written for this network using
Kirchoff's Laws. For large and complicated networks, a
slight modification of the circuit is necessary. Consider
again the circuit in Figure 4.la. The circuit could be
redrawn as shown in Figure 4.2a. This time the bottom leg
of the circuit was replaced by a common ground. The linear
network could be drawn as shown in Figure 4.2b. All
grounded ends of linkages are marked by a letter R which
stands for reference. A ground or reference point means
that all potentials are at the same level. Kirchoff's
Circuit Laws are still applicable to this form of the
circuit and the linear network and would give the same
results except that when the voltages are added, linkages

must be selected that end in a reference point to make sure
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that a loop is completed. Also, the reader is not supposed
to go over a reference point when summing voltages in
situations where another linkage is attached to the
reference point. Additional discussion of the details of
this method is provided in the procedure of the development
of this model.

In applying linear network analysis to economic
models, electrical currents become flow rates of materials
and electric potentials (measured with respect to a
reference point) become energy costs. This analogy is
applicable to transport and material storage operations.
These two operations could be modeled by resistors and
'capacitors in electrical network theory. It should be
observed that the existence of electrical analogs for the
transport and storage processes did not imply the existence
of every economic and ecological component or system. On
the contrary, there are no electrical analogs to material
transformation processes. Thus it is necessary to use the
Principle of Energy Conservation in the analysis of
material transformation processes. This principle states
that the sum of all energy input to a process equals the
sum of all the energy output.

The production processes in the physical and
agricultural industries represent a sequence of

transformations of the structural state of materials to
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achieve a well-defined physical, chemical, biological or
technological form. Each such transformation can be
abstracted as a material input-output process
characterizable by a model as shown in Figure 4.3 for three
input materials, one useful product and one by-product. In
this model, the Y;, i =1, 2, ..., 5, represents the flow
rates of the five materials. A coefficient K,
characterizing the transformation, is introduced here in
writing the equations. This coefficient has a variety of
specific interpretations, depending on the level of
analysis. For example, if the transformation is associated
with a firm, industry or geographic region, then it is
called the "technological coefficients of production.” On
the other hand, in other analyses they may be used to
characterize the composition of the output material in
terms of the inputs and by-products. In the former
association, changes in the coefficient K reflect changes
in the technology of production. However, in the latter
case they are unique to the particular product Yg-

Applying the conservation of energy principle to
the process in Figure 4.3, we have:

Output energy + energy of the inputs + energy lost

in the waste + processing energy =0

or
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INPUT OuTPUT

INPUT BY-PRODUCT

Figure 4.3 A Typical Industrial Process
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X5Yg + (X1Y] + Xo¥y + X3Y¥3 = X4Y4) = £(¥s5)¥g = 0 (Al)

where f(

processi

Y5) is a function of Yg and represents the

ng energy per unit of output. Xi is the energy per

unit of material Yj-

equation

where Ki

particul

or

or

network

Also, from the figure, we have the flow model

S
Y1 = K1¥5
Yo = KaY5
Y3 = K3Ys
Y4 = Ky¥s

= technical coefficient of proportionality for the

ar material "i.

Substituting these equations into A(1),
X5 = -K1X] - KpXp - K3X3 - KgXg - £(Y¥s5)
X5 =;: KyXy - £ (Ys)
[Xq]
X5 = [K1KpK3K4l [Xp] - £(Y5)

[X3]

[X4]

This cost equation constitutes a coordinated linear

and economic model of the transformation process.

The matrix product to the right of the equality sign

represen

availabl

t the energy costs involved in making the inputs

e to the process and in removing the joint products
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or "waste" frdm the process. In the context of a system
design problem, Y: represents the design capacity of the
plant and f(Yg) denotes the variation in the processing
costs associated with the scale of operation or design
capacity. In the context of existing plant management
problems, Yg; represents the level of output and £(Yg)
denotes the variation of processing costs with the
different levels of output. In both cases, this function
represents precisely the economies of scale to the various
forms of energy and monetary cost associated with volume
rates of transformation process. These economies of scale
are of central concern in assessing the ecological and
sociological impact of modern technology. It is these
economies of scale particularly with respect to labor that
motivate much of the contemporary trend to high-volume
geographically concentrated industrial production and
highly specialized large-scale agricultural production with

the attendant spatial concentration of people and wastes.

4.2 Procedure

4.2,1 Energy Notations

A notational scheme has been adopted for the
formulation of component models (Figure 4.3). Material

flow rates of material "i" into or out of component "j"

are denoted Y 5 (i.e., Yij has units of quantity of
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material per unit time). The amount of energy "m"
associated with this material is denoted XM;j (i.e., XMy
has units of quantity of energy "m" per unit quantity of
material). The product xminij then denotes an energy
flow rate.

Associated with each material flow rate is a vector
value that represents the monetary cost, capital outlay and
the energy required to put a unit of the material into its
current form and location. In this model, labor is
formulated as an energy cost, rather than as a flow of
services, and is considered as a nonrenewable resource
along with solar and physical forms of energy. Land is a
measure of the solar energy needed to produce a crop.
Elements of the energy cost vector are denoted by xmij ("m"

indicates the energy type) where:

m = 1l: capital (§)

m = 2: human energy or labor (man-hours)
m = 3: fossil energy (horsepower hours)
m = 4: electrical energy (kilowatt-hours)
m = 5: land (acres)

or all the above could be replaced by:

m = 6: dollar cost ($)

Example: XW;, = %611 = 2 1.00 per kg. (the cost of paddy)
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Instead of using the several energy dimensions
discussed above, the analysis could be simplified by an
alternate measure, namely, cost per unit of material. The
analysis, of course, is valid only for the prices and costs
actually used. The unit dollar cost, xsij' of material "i"
for component "j" is among other things a scalar function
of the energy costs of the other five energy forms. The
value of x6ij depends on the relative availability of the
five forms of energy and the preference society places on
each of the input materials.

The precleaner subsystem (Figure 4.4) input
includes mixed dried paddy rice and impurities which are
separated in the process. The flow model equation is:

Yil = KilYol i = 1' 2' -0004

where Y;; is the quantity of material "il" required or
taken out to produce one unit of clean paddy.

The output Y,, determines the quantities of the
other flows and is called the stimulus variable. The flows
other than the stimulus variable are called response
variables. The Kil's are the technical coefficients for
the components.

The conservation of energy principle requires that
the net energy flow into the component plus the applied

processing energy must equal zero. The expression:
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DRIED
PADDY
CHAFF
11
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o1

CLEAN
PADDY

Pre-cleaner component- 1

Material
Clean paddy
Dried paddy
Sand
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Chaff

Y= KyYor

4
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o1

i=1

K"X':: “17'(Yoy)
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21
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- ij
-01
-11
-21
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41

FIGURE 4.4 DIAGRAM OF PRECLEANER COMPONENT PROCESS
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%.‘1 Ki1XM31 m=1, 2, ¢.0.6
is an accumulation of various energy forms "m" in the
input and output materials required to produce one ton of
clean paddy.

Processing costs include the cost of machinery,
building, labor, fuel, taxes, depreciation, etc. The
processing energy cost function is typically a non-linear

function of the production level. The amount of processing

energy "m" required for one ton of clean paddy is:
fml(Yol) m = 1' 2' 00006

Cost relation of the components is:
4
XMyy = izé Ki1X™j1 - £1 (Yp1) m=1, 2, ....6
In this particular analysis, the cost per unit of
material, which is the economic measure of the energy level
spent to place the material in its current form and

location was utilized. The analysis is then, of course,

valid only for the prices and the costs actually used.

4.2.1.1 Precleaner Component
Applying the representation of a process in Figure
4.3 to the first rice milling component, the diagram of a

precleaner component process is obtained as in Figure 4.4.



122

The input to the process is dried paddy and the output is
dried paddy. The by-products are chaff, sand and straw.

The flow model equation is:

Kil = KilYOl i = 1, 2' ..oo4

where Yj3 is the quantity of material "il" required or

taken out to produce one unit of clean paddy.

4.2.1.2 Huller Component

For the huller component, the input is clean paddy‘
and the product is a mixture of brown rice, hull, broken
ricé, coarse bran and paddy mixture. The flow model
equation is:

Y12 = K12Y¥02 i=1,2

where Y313 is the quantity of material "12" required or
taken out to produce one unit of a mixture of brown rice,
hull, broken rice, coarse bran and paddy mixture. Figure

4.5 shows this component and the related equations.

4.2.1.3 Plansifter and Aspirator

The next component after the huller is the
plansifter and aspirator component. The input is the
mixture of brown rice, hull, broken rice, coarse bran and
paddy mixture. The output is a mixture of paddy, brown
rice and hull. The by-products are brokens and coarse

bran. The flow model equation is:
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CLEAN
PADDY. 12 Y2 = Ki2Y02
X3z = Ki2X7%2 - 21Y02)
02
m=1,2,...6
BROWN RICE, HULL
BROKEN RICE, COARSE
BRAN AND PADDY MIXTURE
Figure4.5 Diagram of Huller Component Process
43
7 Yia = KizYo3
i=1,2,..4
03 a .
PADDY, BROWN Xg‘a = -Z Ki3Xj3
RICE & HULL i=1
13 -F3lYo3)
23 v
m=1, 2, 6
BROKENS
COARSE BRAN

Figure 4.6 Diagram of Sifter Components Process
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Yi3 = Ki3Y03 i=1, 2, 3

where Yj3 is the quantity of material "i3" required to
produce one unit of mixture. Figure 4.6 shows the

component and the related equations.

4.2.1.4 Paddy Separator Component
The next component, the paddy separator, separates

the brown rice from the paddy. The flow model equation is:

Yi5s = Ki5¥q5 i=1,2

where Y;5 is the quantity of material "i5" required or

taken out to produce one unit of brown rice. Figure 4.7

shows the component and the related equations.

4.2.1.5 First Stage Whitener Component

The first stage whitening process has brown rice as
input. The product consists of first-stage milled rice and
the by-product is dark bran. Figures 4.8, 4.9 and 4.10
show the first-, second- and third-stage whitening process
components and the related equations which are similar to

previously discussed components.

4.2.1.6 Grader Component
The last step in the rice milling process is the

grading of milled rice. The input is third-stage milled
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FIGURE 4.7. DIAGRAM OF PADDY SEPARATOR COMPONENT PROCESS
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FIGURE 4.8 DIAGRAM OF FIRST STAGE WHITENER COMPONENT PROCESS
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FIGURE 4.9. DIAGRAM OF SECOND STAGE WHITENER COMPONENT PROCESS
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FIGURE 4.10 DIAGRAM OF THIRD STAGE WHITENER COMPONENT PROCESS
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rice and the output is graded milled rice. The by-products

are brewer's rice and polish. The flow model equation is:

¥i9 = KigY¥09 i=1,2,3

where Yjg is the quantity of material "i9" required or

taken out to produce one unit of graded milled rice.

Figure 4.11 shows the component and the related equations.

4.2.1.7 Transport Component

The transport components are the laborers,
elevators, chutes and conveyor in the system. Since the
same material flows into and out of a transport component
and it is assumed that no losses are incurredr only
transport energy costs need be considered. Figure 4.13
shows the location of the transport components. The cost
models for the transportation components are:

Elevator 1:

XmlT = —fmlT(YlT) m = l, 2, 00006

where £™;n(Y;p) is read as the function of Yjp and

represents the transport energy per unit of material.

‘ Elevator 2:

xm2T = -fsz (YZT) m = 1, 2’ 00006
Elevator 3:
XM3p = —£M3p (Y3q) mM=1, 2, eoesb
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BREWERS
Yo =KigYog
19 i=1.2,3
39 29 3
Mél'-égo PO L|SH xog = i-=21Ki9Yi9 - flgﬂ (Yog)

09

GRADED MILLED RICE

FIGURE 4.11. DIAGRAM OF GRADER COMPONENT PROCESS

BROWN RICE PADDY
AND HULLS

20 22

Y,0= Y22 = Y25Y0s

Xpo = -KypXgo t f22 (Y22)

FIGURE 4.12 DIAGRAM OF RETURN HULLER COMPONENT PROCESS



‘ITTW 99TY (TBUOTIUSAUO)) BUOD-ISTQ B FO wexaderq STIewsyss ¢r'py oxndty

S W
=] P [, e = e el s

‘B OVER BR[| el
D =) =gl lg)| ) e T &
_ 16 W_ i __ 19 ﬂ_ s_:._.ﬁ...mi .5_ IS i
-~ ] slEel 8
1343 werm 143 wem M3 wree PR 4 § 103ensry



130

Elevator 4:

XMgp = ~£Mgp (Yy4p) m=1, 2, eeesb
Elevator 5:

XMsm = —fM5n (Y57) m=1, 2, ....6
Elevator 6:

meT = -fmGT (YGT) m = l' 2' 0.0.6
Elevator 7:

XMyq = —fMgqp (Yg7p) M=1, 2, eeeeb
Elevator 9:

XMgp = -£fMgp (Ygm) M=1, 2, eues6

4.2.1.8 Return Huller Component

The return huller component performs the hulling of
paddy coming from the paddy separators. Figure 4.12 shows
the paddy as input and the mixture of brown rice and hulls
as output. This component is needed because the efficiency
of the primary hullers is only from 60 to 95 percent. The
unhulled 5 to 40 percent paddy are dehulled in the return
huller. The related equations are also shown in the

figure.

4.2.1.9 Rice Milling System Economic Model

The whole system is shown in Figure 4.14. The flow

Y10 (milled rice) is the system stimulus variable. The
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following material flow relations are from Figures 4.4

through 4.12:

Y11 = R11¥01

Y21 = K21Y01
Y31 = K31¥01
Y41 = RK41¥01
Y13 = R13Y¥03

Y23 = K23Y03

K14¥04

]
—
>

(]

Ki15Y¥05

<
-
(8

n

Y16 = K16¥06

K17Y07

4

[

g
]

Y18 = K18Yps8

K19Y09

]
=
(T}

"

K29Yp9

=<
N
o

[

In order to complete the rice milling economic

model of the system, the energy cost equations must be
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derived. An energy cost, X;, per unit of material is
defined for each material flow. The energy costs are
defined analogously to such intensive physical variables as
voltage or velocity (i.e., they are relative measures like
elevation, electrical potential and gravity). Energy cost
is measured at one point in the system relative to another.
A material flow rate is associated with each of the
oriented line segments such as 1, 1T and 11 segments
(called edges). The vertices such as A in Figure 4.14
(edge endpoints) constitute the set of points at which
energy cost evaluations are made for the linear graph in
Figure 4.14. The decomposition of variables into stimulus
and response subsets are made utilizing the notion of a
tree of the linear graph. A tree of the linear graph is a
subset of edges of the graph of maximal size such that the
edges in the tree form no closed paths or circuits in the
system graph. Those edges in heavy lines constitute a tree
for the system graph of Figure 4.14.

To facilitate computation, certain conventions have

to be adopted.

a. The per unit energy costs of each edge are

defined positive at the tail of the arrow of
that edge with respect to the narrow tip.
Thus X%I is the energy cost per unit of Qaddy
at vertex A minus the energy cost per unit of
paddy at vertex B.

b. All vertices "R" are reference vertices

(analogous to an inertia reference or an
electrical ground). Thus, the energy levels
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of all materials are defined to be zero at
!R. n

C. Material flows towards a vertex are negative

and flows outward are positive. The component

interconnection pattern is mathematically

described via application of continuity and
compatibility laws to the linear system graph
of Figure 4.14. The continuity law is

analogous to Kirchoff's current law and states

that:

The sum of flows into a vertex (not including reference
yertices) is zero. Thus we obtain:

Yy - Y10 =0 A(1)

where Y;] is the flow rate of dried paddy into the

precleaner and Y is the flow rate of paddy through the

elevator "1T."

Yy = Yop =0 A(2)

where Y;o is the flow rate of brown rice, hull and paddy
mixture to the sifter and Y,q4 is the flow rate of brown

rice mixture from the return huller.

Y43 = ¥Yg2 - Y0 = 0 A(3)

where Y43 is the flow rate of brown rice, hull and paddy
mixture to the sifter, and Yy, is the flow rate of brown

rice mixture from the return huller.
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Y92 = Yypr = 0 A(4)

where Ygp 18 the paddy flow rate to the return huller and

Y47 the flow rate to elevator 4.
Ygr - ¥25 = 0 A(3)

whgre Y,5 is the flow rate of paddy from the separator.
Yo4 - Y3p = 0 A(6)

where Y,, ig the flow rate of brown rice and hull mixture

to the aspirator.

Y15 - Y94 = O A(7)

where Yj5 is the flow rate of brown rice and paddy to the

separator and Y45, is the flow rate of brown rice and from

the aspirator.

Yo6 - Ysp = 0 A(8)
where Yg¢ is the flow rate of brown rice to the first
whitener and Ygqp is the flow through elevator number 5.

Y27 - Yo6 =0 A(9)

where Y, is the flow rate of milled rice to second

whitener and Ygg 1s the flow rate of milled rice from the

first whitener.
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st = Yyp = 0 A(10)

where Y3 is the flow rate of milled rice to the third

whitener and Y;q4 is the flow rate of milled rice through

elevator number 7.

Y39 - Ypg = 0 A(11)
where Y39 is the flow rate of milled rice to the grader and

Ypg is the flow rate of milled rice from the third

whitener.

Yo9 - Ygp = 0 A(12)

where Ygg is the flow rate of milled rice from the grader

and Ygqp is the flow rate of milled rice through elevator

number 8.

Y10 -¥91 =0 A(13)

where Yj5 is the flow rate of paddy and Yg; is the flow

rate of paddy from the precleaner.

where Yo4 is the flow rate of brown rice and hull mixture
to the aspirator and Yp3 is the flow rate of brown rice and

hull mixture from the sifter.
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where Y57 ig the flow rate of milled rice to the second

whitener and Ygrp is the flow rate of milled rice through

elevator number 4.

Yo - Yo7 =0 A(1l6)

where Ypog is the flow rate of milled rice to third whitener

and Yp7 is the flow rate of milled rice from the second

whitener.

Yo6 - Yg5 = 0 A(17)

where Yog is the flow rate of brown rice to the first

whitener and Y45 is the flow rate of brown rice from the

separator.

Yi0 - Ygp = 0 A(18)

where Y19 is the flow rate of milled rice to the rice mill

outlet and Ygp is the flow rate of milled rice through

elevator number 9.

The remaining portion of the graph equation was
developed via application of the law of compatibility which
is an analogy of Kirchoff's Voltage Law. Compatibility

states that:
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Ihe sum of oriented energy costs around a closed path of
edges vanishes. For the path of edges 1T and 11 of Figure
4.13, the following is obtained:

X1 + X7 = X311 =0

where X) = unit peso cost of input paddy and

Xij = unit peso cost of material "i" for component
"3§" in Pigure 4.14,

recalling that all references to vertices are
defined to be at the same energ{ level.

X)r and X33 have the same sign because they have
the same orientation in the path from R to R. The complete

set of compatibility relation is:

X] + X3p + X371 =0 B(1)
Xp1 + Xop + X132 =0 B(2)
Xgo + X43 =0 B(3)
Xpgo + X43 =0 B(4)
Xo3 + X3 + X4 =0 B(3)
X04 + X25 = 0 B(6)
Xo5 + X4r = 0 B(7)

XOS + XST + X26 =0 B(8)
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Xg6 + Xer *+ X27 = 0 B(9)

X7 + X7r + X28 = 0 B(10)
Xog + X39 = 0 B(11)
Xg9 + Xgp = 0 B(12)

It has been proven that the above set of continuity
and compatibility equations constitute the largest possible
set of independent graph equations (Koenig, et al., 1967).
Therefore, all of the available information pertaining to
component interconnection pattern is contained in these
equations. Any system input-output relationship can be
obtained using the appropriate combination of component
model and graph equations. For example, consider the
relationship between paddy and hull in Figure 3.14. The
component models are derived by the method illustrated by

Holtman, et al. (1972). The flows are:
Y11 = Y17 c(1)

where Yjj = the flow rate of material i for component j.
Y12 = ¥ap c(2)
Y43 = Y2 + 20 c(3)

Y4 = Y3 C(4)
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Y15 = Yo4 C(5)
Y25 = Yyp C(6)
Yqr = Y22 c(7)
Y12 = Y01 c(8)
Y14 = K14Y¥04 c(9)
¥11 = K11Y01 C(10)
Y12 = K12Y02 C(1l1)
¥33 = K43Y¥03 c(12)
Yoo = Ka5Y¥05 C(13)
¥15 = K15Y¥¢5 C(14)
Y24 = K24¥04 C(15)
Y14 = K14¥04 C(16)

In effect, the set of equations above transforms
the entire system model into a component model with sixteen
material forms. Since we want a relationship between paddy
and hull, we begin with equation C(10) which is an

expression of the flow rate of paddy.

Y11 = X11¥01 c(10)
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Substitution of Equation A(13),

Y11 = X31¥12

Substitution of Equation C(1l1),

Y11 = K31K312Y02

Substitution of Equation C(3),

Y11 = K11K12(¥43 - Y30

Substitution of C(12) and C(13),

Y11 = K11K12(K43¥03 - K25Y¥0s)

Substitution of C(14),

Y11 = K11K12(K43Y24 - K25(1/K35) Y15)

Substitution of C(15),

Y11 = K11K12(K43K24¥04 -~ K25(1/K15)Y¥04

Substitution of C(16),

Y11 = K11K12(K43K24(Y14 - Ka5(1/Ky5) Y14

The flow Y;, (milled rice output) is the stimulus
variable that dictates the remaining flows. The main
interest in this model is the output cost X10 per kilogram

milled rice.
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To derive an equation for X190, start with the cost

equation for node 18 after the grader component.

X10
X09
X39
Xo8
X28
X07
X27
X06
X26
X05
X35
X04
X24

X03

= X09 = Xor
K39X39 = K19X39 =
= Xo03

- K1gX18 + K28X2g
-X77X07

- K17X17 + K27X27
- X06 -~ XgT

- K16X16 + K26Y26
- Xo5 = Xs57
Ka5X25 + K15X15 +
- X04

K14X14 + K24X24 +
- X03 ~ X37

- K13X13 - Ka3Y¥23

- Xp2

E(1)

R29X29 + fg9(Xg9)  E(2)

E(3)
+ fog(Xos) E(4)
E(5)
+ £g97(¥g7) E(6)
E(7)
+ fOG(YOG)‘ E(8)
E(9)
£05(Yg5) E(10)
E(11)
£04(Yo4) E(12)
E(13)

+ K43X43 + fo3(Y03) E(14)

E(15)
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Xo2 = K12X12 + £092(¥02) E(16)
X12 = - X01 - Xaor E(17)

Xp01 = K11X331 - K21¥231 + K31X31 + K41X41
+ £01(Y01) E(18)

X11 = - X171 - X1 E(19)

Combining the above equations to eliminate all

internal X values, we could arrive at an expression for X10

in terms of the X values of the input and output, i.e., X1,
X2, X31, X41, X13, X23r €tc. Also all the flows could be

expressed in terms of Y;,, fThese procedures (see Appendix

F) would give us an expression for output cost Xjg in terms

of all input and output cost.

X10 = K43K39K28K27K26K24K15K12£01K39K28K27
KogK12(K43K24K15 = K25)Y10

+ K43K39K29K27K26K24K15£02K39
KogK27K26(Kg3K24K15 - K25)Y10

+ K39KpgKp7K26K24K15£03(K39K2gK27K 26
Ko 4K15Y¥710)

+ K39RpgKa7K26K15f04(K39K28K27K26K25Y10)

+ K39K28K27K26£05 (K39K28K27K26Y10)
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K39K28K27f06(K39K28K27Y10)
K39K28f07 (K39K28Y10)
K39£03(K39¥10)

£09(¥10)

K 43K39K28K27K26K24K15K]12K11£17K43K39
K28K27K26K2 4K12K11(K43KR24K15 - K25)
Y10

K43K34KR28K27KR26K24K15£21K39K28K27K26K12
(K43K24K15 - K25)Y10

K39K28K27K26K24K15£3 1 (K39K28K27K26
K24K15Y10)

K39K28K27K26£51 (K39K28K27Y10)
K39K28K27£6T (K39K28K27Y10)
K39K28f77(R39K28Y10)

£9r(Y10)
K43K39K2gK27K26K24K 15K 11X
K43K39K28K27K26K24K15K21X5A

K 43K39K28K27K26K24K15K31XsT
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K43K39K28K27K26K24K15K12K41XCH
K39K28K27K26K2 4K15K13XBRO
K39K28K27K26K24K15K23XcB
K39K28K27K26K15K1 4XHU
K39K27K16XDB

K39K28K17XMB

K39K18XFB

K19XBRE

K29Xpo
K39KR28K25£ 47 (K31K28K27K26K25Y10)
K39K28K25£22 (K39K28K27K26K25Y10)

K39K28K25K12K11£1T7K43K39K28K27K26K12
K11(K43K24K15 - K25)Y10

K39R2gKR25K)12f01 (K43K39K28K27K26K24K 15
K12Y¥10 - K39K28K27K26K25K]2¥10)

K39K28K25K20K12K11X1
K39K28K25K20K12K21XsA

K39K28K25K20K12K41XCH
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~ K39RygKa5K12f2m(K43K39K28K27K26K24K15K]12
Yi0)

= K39KR25£02(K43K39K28K27K26K24K15Y10)

The first nine terms are the processing cost, the
tenth to sixteenth terms are transport cost, the
seventeenth term is the cost of the paddy input Xjr the
eighteenth to twenty-eighth terms are the by-product costs
and the rest are the different costs in the return paddy
loop.

Using the available data (Appendix G) and the
relationship on Figures 3.18, 3.22, 3.24, 3.26, 3.30, 3.35
and 3.37 under Philippine conditions, the above equations

were simplified (Appendix H) into the following equations:

X109 = 0.0000048541 ¥7070-14 + 0.684834 v,,=0-54
(cone) +0.0485612 v1070-97 + 0.048863 v;0°°3°

+2.922862 ¥1,0-29 + 0.27699 Y 471

+0.466497 ¥1079-98 + 0.00071381 v + 1.1180

X109 = 0.0000048454 Y15 0-14 + 1.8958 Yy00-41

(RR) +0.0485612 Y10-0-97 + 0.048863 v10°°3®

+ 2.922862 ¥1570:29 + 0,27699 ¥, 4"1

+ 0.466497 Y1079-98 + 0.00071381 Y79 + 1.1062

These equations were used in determining the cost

of input and processing energy per kilogram of milled rice.
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The system analysis of arice mill based on linear
graph theory has been completed. The methodology begins
with a decomposition of the system into components. The
mathematical structure of the component models emphasized
their mass-energy exchange relationship. The following
chapter will cover an application of the two equations

developed in this chapter to three sizes of rice mills.



CHAPTER V
ANALYSIS OF THE RESULTS

5.1 Rice Mill Performance Model

The rice mill performance model was used to
simulate the operating characteristics of rice mill types
currently being manufactured in the Philippines. These
locally manufactured rice mills need to be given primary
attention in upgrading the quality of rice milling systems
in the Philippines. 01d or existing mills (mostly imports)
that were custom built or do not fall into any type studied
may be considered on an individual basis.

There were about twelve "standard" mill types
produced by two leading manufacturers. The simulation
model also included eight models proposed by the author. A
total of twenty mill types were therefore simulated from
the base data of three rice mills. A brief description of
the "standard" mills is presented in Table 5.1. The mill
types designated by individual numbers consist of 1 huller
and 1 whitener. Those with an A or F (Felson models)
designation are equipped with 2 whiteners and those with a
B or A (Felson models) designation are equipped with 2

hullers. The second column from the left side presents the

148
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input capacity of the mill in tons per hour, while the
third column gives the number of hullers and the diameter
in meters. In the fourth column is the number of whiteners
and the diameter in meters. The fifth column presents the
number of compartments in the mill's separator, and in the
sixth column is the power requirement of the mill in both
brake horsepower and kilowatts.

Each simulation included 100 milling runs for each
mill type without any modification, modified with an
adjustable separator and modified with a single huller for
the mills over 0.916 ton-per-hour capacity. Each milling
run is different as determined by three random variable
generators built into the program and discussed in Chapter
3. A "milling run" is one complete milling operation of a
"batch" of paddy with resulting time data, output, etc.
Some typical simulation runs are shown in Tables 5.2, 5.6,
5.7, 5.8, 5.9, 5.10 and 5.11. The fixed input data which
were used for all simulations were as follows:

a. Huller Bin Capacity (HBIN) = 0,0069 m3

b. Sifter Bin Capacity (SFBIN) = 0.077 m3

C. Paddy Separator Bin Capacity (PBIN)

= 0.0089 m3
d. Input Paddy Mass (I) = 10.0 tons
e. Grain Shape (GS) = 3.0

£. Number of Paddy Cleaners (CPN) =1
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