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PREFACE

The inspiration for this study originated in 1979 when the
author worked as a methods analyst in Ingenio Guadalupe Rice
Mill, Peru. In a report to the management of the company, Mr.
Ramon Yep, the plant manager, and the author recommended

consideration of burning of rice husk to generate energy.

Since the o0il embargo in the mid 1970s, +the utilization of
refuse derived fuels has received increased emphasis in in-
dustry, government and academia. The rice husk, considered
for vyears an agricultural waste and a nuisance, arises as

a renewable and economical alternative to traditional fuels.

This study examines questions of the rice husk combustion,
the potential for cogeneration, the power requirements, the
steam required for paraboiling and solvent extraction
milling 1n a rice mill of Peru. It focuses on developing
suitable technologies for waste heat recovery and
cogeneration in a rice mill. Alsoc, it considers the economic
evaluation of some alternative projects likely to be imple-
mented as a source of power and heat for the mill plant. Poxr-
tions of this study were developed while the author was on a

research trip in the northwestern region of Peru in 1982.



The author 1s pleased to present this study as a small
contribution to the soluticon of the energy options and the
food problem of his country: Peru. Its applications can be
useful 1in any place in the world where rice is harvested,
especially in the Third World Countries, where this golden

and tough grain is the stalple grain.

J. B. W. K.
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CHAPTER 1

INTRODUCTION

Rice provides the principal food for about half of the world
population. During 1975 the World Total Production was 353.5
million metric tons. In Peru, 125,000 Ha. (312,500 acres)
were harvested during the crop year of 1977; the production
for this vyear was 580,000 M.T. of Paddy (unhulled rice).
Thus, the average yield of those crops was about 4,640 Kg/Ha
(4,092 1b/acre). This yield was the highest in South America
and close to that obtained by the USA the same year, (4,995
Kg/Ha). Even so, the Peruvians barely were able to fulfill
their consumption requirements. The degree of sufficiency,
i.e., the ratio between per capita production and per capita
consumption, for that year was about 0.94. Hence, the

deficit had to be imported. [7]

As in many developing countries, rice is the main meal for
the Peruvians. Its continucus shortage and an incorrect
agricultural management have contributed to a recession
accompanied with inflation rates over 100%. Food is regarded
by many world leaders as the most important problem
confronting both agriculturists and engineers in the next

century. It is probably most serious in those countries that



are not oil exporters. For these reasons, most of this paper

deals with "getting energy out of a food by-product."

Because of the magnitude of these problems, it is clear that
the food required will have to be produced in the countries
which need it. Also, it will be necessary to design a
rational energy policy. The improvement of the productivity
of foocd production systems 1s imperative. It can be
accomplished by increasing the production capacity and/or
reducing the production costs. If a study of both the food
and energy problems results in a coherent solution, we would
be overcoming one of the biggest challenges for the near

future. [13]

Rice 1is unique among the cereals in being able to germinate
and thrive in water. Consequently, water is a precious
resource 1in the rice growing countries. Until the 1last
decade energy that was used in pumping water, farming rice
fields and post-harvesting processing was not a serious
consideration among the myriad of costs involved in rice
production. But, after the o0il embargo in 1973, Peru as
well as other rice producing countries were affected by the
energy crises. The <cost of fuel increased 50 times the
original price in two years (1974-1976). Before 1972, the
labor <costs in rice milling were about 22 percent of the

total costs and energy cost was 7 percent. In 1983 the cost



of energy was 32 percent and labor 13 percent of the total

production cost.

It is evident that any effort to improve the energy usage of
the rice milling industry in Peru will bring to both the
government enterprises and the milling industry significant
savings in dollars and BTUs. However, the main benefit may
arise to the public: the high prices of rice which include a
large share of energy expense will be more manageable if

this energy cost can be controlled.

Rice milling constitutes an energy intensive activity.
Despite the smaller size of the rice milling facilities
in Peru its energy consumption per output unit is superior
to those ratios encountered in the USA. About 28 KWH are
used 1in Peru and 26 KWH in the USA to obtain a metric ton

of finished rice.

A significant Energy Conservation Opportunity (ECO) can be
found in the recovery of energy from the combustion of rice
hulls. In the USA, some rice mills are utilizing rice hulls
to generate ‘energy, while some others are considering

it.

In Peru, there are a few mills that use the husk as fuel

(less than 5% of the total production capacity). These mills



utilize old boilers and reciprocating piston engines
(locomobiles) from the beginning of this century. Most of
these facilities are connected to the mill shaft load by
using countershafts, flat pulleys and flat belts. Evidently,
the energy transmission efficiency and the thermal

efficiency as well leave a lot to be desired.

Except for some few mills that produce husk-ash as a 1low
priced by-product, most of the mills do not use the hulls
to generate energy nor to sell them as a raw material, since
further processing is not performed. The husk is considered
as waste matter and its disposal constitutes a serious
environmental problem. In the 75 or more countries where
rice is produced the challenge of utilization or disposal of
hulls, within the framework of 1its economical structure has
now a different approach. Such a nuisance can be converted

in an attractive investment opportunity, as we will see later.

The much higher energy utilization that can be obtained from
the newest Waste-to-Energy technology permits us to consider
rice hulls as an economic, renewable and efficient source of

enerqgy.



CHAPTER 2
OBJECTIVE OF THE STUDY

In general, it 1is the intention of this project to find
suitable technological alternatives to the enerqgy
requirements of a typical rice mill of Peru and to determine
their eccnomical feasibility. The enormous potential for
energy cogeneration, i.e., the coincident generation of

heat and power -electrical or mechanical-, the opportunity
of recovering +the husk ash, and the skyrocketing prices
of fossil fuels in Peru, make it possible to consider this

study.

This study will examine the economics of waste heat recovery
and cogeneration for a specific rice mill. Then a comprehen-
sive sensitivity analysis will be performed to fully examine
the possiblity. Data will be taken from the Ingenio Guadalu-

pe Rice Mill in northwestern Peru.

There are many reasons to cogenerate in the rice milling

industry; they include:

A. The rice hulls contain enough energy to supply the energy
requirements of a rice mill. The hulls account for about
one-fifth the weight of paddy and have a heating value about
cne—third of that of Fuel 0il No 2. Based on a 24-hour
operation of a rice mill milling one ton of paddy per hour,



the husk produced represents a calorific value of 1,500 Kg
of diesel fuel per day ( 1,700 liters or 375 gallons).[12]

B. It has been estimated that the power development to run a
rice mill utilizes about 80% of the total hulls produced for
a medium size facility (7.5 to 15 M.T./hour of Paddy).
The calorific value of husk is such to produce 2.5 Kg and
more of steam from 1 Kg of husk. Excess energy may be
sold to a utility.([9]

C. Another way of using rice husk =-so far not fully
developed- is the gasification to obtain producer gas used
use in internal combustion engines.[9]

D. Additionally the steam can be used 1in the following
process: :

-To dry paddy (increasing husk heating value).
-To produce paraboiled rice.

-To perform solvent extractive milling.

-To be used in canning process.

-To produce breakfast rice cereals.

E. The ash -which contains 96% Silica- a result of hulls
combustion can be used as/for:

-An insulator, with R values similar to glass-wool.
-Glass production.
—-Semiconductor manufacturing.

-Calcium silicide, a powerful reducing agent used in
explosives and as deoxidizing agent in steel manufacturing.
—Cement can be made by combining hulls with lime. Similar

characteristics to Portland cement can be attained.

—-Water purificator by filtration, adsorption or coagulation.
—Rubber compounding.

-Silicon carbide and silicon nitrite for abrasives or
refractories.



CHAPTER 3

DESCRIPTION OF THE OPERATIONS OF A TYPICAL RICE MILL

IN PERU

The product structure, the milling operations and the
equipment of a typical rice mill of the northwestern region

of Peru are described below:

3.1 PRODUCT STRUCTURE.-

Rice comes from the big combines or field thrashers rough
and vyellow because each grain is enclosed in a little straw
covering or hull. The process to separate these hulls 1is
known as hulling. The rice kernel enclosed by the hulls as
it leaves the thresher is known as as rough rice or paddy. It
weights about 45 pounds per bushel (0.58 Kg/liter). Rough
rice is used for seed, but is milled for food. Damaged or
low quality rice is used for livestock feed. When milled,
rough rice yields about 65% whole and 12% broken kernels, 2
to 3% polish and 20% hulls. When somewhat undermilled the
yields of head rice range from 66% to 70 2. Since in Peru
the minimum required yield by the Ministry of Agriculture is
68%, the rice <classified as "current" is not completely

polished.



our description will rest on the current-type rice since it

accounts for most of the production capacity.

Table 1 shows the composition of the three different

gqualities of long-grain-rice, which is the only one consumed

in Peru.

Table 1

COMPOSITION BY SUB-PRODUCTS OF LONG-GRAIN-RICE (%)*

QUALITIES CURRENT SUPERIOR EXTRA
Hulls 20 20 20
Bran 11 12 13
Polish 1 2 3
Whole grain 53 58 62
Broken grain 15 8 2
Share of total 92 6 2
*Source: Ministry of Agriculture of Peru, "Reglamento de

Comercializacion de Arroz", 1979.

It can be noted that rice is a product of an analytical
process, i.e.,product and by-products separate from the main
stream of the process as the material flows throughout the

mill plant. This feature is depicted in Figure 1.
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3.2. OPERATIONS AND EQUIPMENT IN A RICE MILL.-

Rice 1is sent to a mill to remove the hulls and to make it
ready for coocking. Many of the mills in Peru are small and
have a production capacity no larger than 1.5 M.T. per hour
of milled rice. On the other hand there are mills which are
rather complex with several elevators, bins and drying
towers combined with actual milling facilities. These mills
can have capacities of 10 to 50 M.T. per hour. However,
most of the mills have a capacity of 3.5 to 6 M.T. of milled
rice. These medium size mills account about 74% of the total

milling capacity of Peru (560 M.T. milled rice per hour).[2]

The rice milling process has the following operations:

Preparation,

Hulling,

Separation,

Milling or Pearling,
Polishing or whitening,
Screening or sorting,
Packaging, and

Husk burning

O ~JO U WN
.

Figure 2 shows a general flowchart of the rice mill and its
operations by using time-motion standard symbols. This
description has been based upon the plant of 1Ingenio
Guadalupe a typical rice mill of the Northwest of Peru. This

mill has a capacity of 7,250 Kg/hr of paddy, 1i.e., 5000 Kg
of polished rice with a yield of 69%.

10
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Paddy is poured into a hopper at the receiving end of the

mill; From there, it passés either direct or by means of an
elevator to a dryer -if necessary- or to the cleaner monitor.
The cleaned paddy passes in front of a magnet to extract any
ferrous metal and is then lifted by an elevator and delivered
to the huller. The product from the huller -consisting of
hulled rice, husk, a little paddy, some rough bran, and
small points- passes to an attached chamber that is a husk-
winnowing aspirator. This sieve recovers the bran and broken

points and discharges them to the bran aspirator duct. Hulls

are aspirated to the furnaces.

The result of winnowing is a mixture of hulled rice and
paddy. These produces are separated in a specific-weight
separator or paddy table, the resulting paddy is sent Dback
to the huller by an elevator and hulled rice is collected in

order to be sent to the milling area.

Shelled rice or brown rice passes up an elevator and is
delivered to the whitening cones. The resultant bran is
automatically collected and delivered to the bran cyclone
through the bran duct. The milled rice is elevated to the
polisher where more bran is obtained. Finally, the rice
passes to the shaking tables or graders. The whole rice with
its broken-grain percentage is elevated to an in-process-

buffer silo. Excess broken grains and brewers rice from the

12



sorting are bagged independently.

At the in-process silo, finished rice is packed in plastic
bags with gross weight of 50 Kg each. The bags are then

delivered to the warehouse by railroad cars.

This rice mill carefully designed the plant layout to allow
for full working of all machines with the greatest possible
«continuity, while minimizing energy wused in handling and
movement of grain from cone operation to another . This
consideration -based upon the IDEAL concept, for production
systems design- allows significant savings in conveying

energy.[17,23]

Buffer storages provide safety stock and are wused before
critical operations that require a minimum of in-process
rice and after machines that are subjected to breakdowns.
These buffers increase the work-in-process but decouple the

operations and smooth the main stream flow. [22]

13



CHAPTER 4

FORMULATION OF THE PROBLEM

It 1s desired to design a rice husk fired cogeneration
system for a rice mill and tc evaluate 1its economical
feasibility. Here and thereafter we will refer to the plant
of this rice mill as "the mill" and to the cogeneration
system as "the system". When a specific cogeneration
alternative 1is proposed and evaluated for the mill it is
assumed that the actual plant will suffer some changes in
both operations and performance. Consequently, when a
specific alternative for energy cogeneration and its
respective alteration to the mill are formulated, the whole
system composed of the cogeneration proposal and the
mcdified mill is to be called an "alternative solution.” The
state of the actual system and the desired state are to be

evaluated in this chapter.

4.1. ACTUAL SYSTEM STATE

The operations within the rice mill have been described
completely in the previous chapter. In order to find the flow
rate or specific production capacity of an operation, the

total input capacity of the mill, ( 7.150 M.T./hr) should

14



be multiplied by the conversion factor which is the unitary
flow rate stated in the model depicted in Fig. 2. Therefore,
the actual production of rice hulls is 1,430 Kg/hr. This
amount can be increased up to 2,500 Kg/hr, since hulls may
be purchased from small mills of the regicn at negligible

prices, only transportation and storage costs are relevant.

The variation of the rice flow. rate has been approximately
fitted to a uniform distribution with a range of .92 +times
the mean toc 1.08 times the mean (+/- 8%). However for any of
the recommended combustion alternatives a buffer storage is
to be included in order to attain a smooth and deterministic

flow of hulls to the combustion device. [22]

Energy to the mill, offices and a workshop are supplied by a
Caterpillar diesel generator of 200 KWH -220 VAC/3ph-. The
actual demand has been calculated as 180 Kw. All the shaft
power is supplied by electric motors. The plant has a work -
shift of 12 hours during the day and insignificant
artificial illumination is utilized. The actual operating

shift hours for the mill are 10 hr/day.

Six cylindrical furnaces of adobe construction are the
burning facilities to obtain ash. Their measurements are:
12 meters high with an inside diameter of 5 meters ,

for a total capacity of 1,400 cubic meters. These furnaces

15



can be used as buffer storage of hulls for any alternative
solution. This consideration will require that the location

of the cogeneration system be constrained to a nearby area.
4,2. DESIRED SYSTEM STATE

A cogeneration plant, with suitable heat recovery devices,
that uses rice husk as the primary fuel and a process that
utilizes either superheated or saturated steam to dry paddy
are the basic components of any desired alternative
solution. In addition, a system to collect ash is to be

considered.

An alternative solution may include any of the following
elements:

1. A material handling system to collect the rice hulls
from +the hulling work stations and to transport them to a

buffer storage and/or to the burning facility.

2. A buffer storage in order to decouple the system of the
mill and to cffer reliable supply of fuel.

3. A combustion device that is likely to be a furnace or
stoker together with a boiler.

4. A boiler that should produce steam with quality suitable
to be used in a steam turbine.

5. A steam turbine that should match both the plant
electricity demand and the process steam requirements.

6. An electric generator suitable for the mill electrical
demand.

7. An ash collector that effectively recovers the ash from
the flue gases.

16



8. A dryer that is suitable for the moisture content of the
paddy processed in the mill. The dryer may use as heating
fluid either steam or flue gases.

9. An additional process -such as paraboiling or milling by
solvent extraction- may be included in the recommended
solution if the steam supply is sufficient and it 1is
demonstrated to be economically feasible.

10. Any additional device that supports the performance of
the elements mentioned above or enhances the enerqgy
treatment systems and heat recovery equipment may be
included under this category.

17



CHAPTER 5
ANALYSIS OF THE PROBLEM

In this chapter we are to study the facts of the mill and
data of energy available to the system. First, the enerqgy
requirements of the actual plant are to be determined.

Second, an analysis of hulls combustion is performed in
order to obtain the energy potential of hulls. Finally, the

power and steam generation capacity are to be estimated.

In order to approach the problem in a consistent and orderly

way, the the following subproblems are discussed:

STEP 1. Determine the Energy Requirements of a rice mill.
A) Energy Requirements of the actual plant.
B) Farmers Rice Mill Energy Facts.
C) Cogeneration Potential.

STEP 2. Examine Combustion of rice hull.
A) Properties of rice hulls.
B) Rice-Hulls Combustion Model.

STEP 3. Steam Generation Analysis.
A) Preliminary Steam generation estimation.
B) Available Power Capacity.
C) Available Energy for Electricity.

D) Available Energy for Process.

18



5.1. ENERGY REQUIREMENTS OF A RICE MILL PLANT.-

The energy requirements of the mill in Peru are to be

determined in this section. For comparison purposes the

energy requirements outline of Farmers Rice Mill & Co. plant

of Lake Charles, La. is to be included as well. Farmers Rice

Mill

is a cooperative that is evaluating 1its cogeneration

potential and plans to sell electricity to utilities in the

State of Texas.[5] Sections 5.1.1 and 5.1.2 present the data

for the 2 plants. Section 5.1.3 examines the cogeneration

potential.

5.1.1.

Energy Requirements of the actual plant.-

INGENIO GUADALUPE RICE MILL

PRODUCTION CAPACITY.- 7.15 M.T. of paddy/hr

@ 70% yield: 5.0 M.T./hr of head rice

POWER DEMAND.- 180 Kw (peak average).

INSTALLED CAPACITY: 35 weeks/year, 6 days/week,
12 hours/day: 2520 hrs/year

@ 7.15 M.T./hr : 18,000 M.T./year [paddy]

FUEL CONSUMPTICN.- 13.75 gallons/hr for diesel generator.

@2,500 hr/year: 34,650 gal/year

FUEL PRICE.- $0.86/gallon fuel o0il No.2, 13.1 kwh/gal.:

13



$0.0212/kwh

6. FUEL CcOoSTS .- @ 1,500 hr/yr, 13.75 gal /hr, $0.86/gal.:
$17,737.5/year
During the study a turbocharger was added to the diesel ge-
nerator, improving its efficiency and giving a lower fuel

consumption (11.86 gal/hr). Thus, the cost of fuel is:

@ 180 KW and 11.86 gal/hr = $15,325/year

7. FUEL CONSUMPTION PER INPUT UNIT (Diesel generator) .-
A. (11.88gal/hr)/(7.15 MT/hr) = 1.6615 gal/M.T. of paddy
B. (1.6615 gal/MT) (19,750 BTU/1lb) (7 lb/gal) = 230 KBTU/MT

C. (200 kw) (1 hr/ 7.15 MT) = 27.97 kwh/ M.T. of paddy

8. OVERALL EFFICIENCY [oe].-
oe = output energy/input energy

Fuel 0il No. 2: 19750 BTU/lb HHV

1}

output energy (180 kw) (3412 BTU/kw) = 614,160 BTU

(13.75 gal) (19750 BTU/1b) (7 1b/gal)

input energy

1,900,937.5 BTU

1]

oe 32.3%

5.1.2. Farmers Rice Mill & Co Energy Facts.-

1. PRODUCTION CAPACITY.-
250 Tons hulls/day = 10.416 ton/hr
@ 20% husk yield: 52.083 ton paddy/hour

about 7.3 times the capacity of Ingenio Guadalupe.
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2. POWER DEMAND.- 1.5 MW.

3. OPERATION.- 24hr/day (assumed).

4. ENERGY COST AND ENERGY CONSUMPTION.-

H

Overall Revenues - Net profit Electricity Costs

3.3 Millions -~ 2.8 Millions 0.5 million/year
6
12.5 x 10 kwh/year
10

13.583 x 10 BTU/year

I

($500,000) / ($.04/kwh)

il

Assuming oe: 31.4 %
5. ENERGY PRICE.- $.04/kwh

6. POWER PLANT CAPACITY.- 115,000 1lb steam/hr

@ 10.416 ton husk/hr

7. ENERGY CONSUMPTION PER INPUT UNIT.-
(1500 kw) (1/1250 day/ton) (.9072 ton/1 MT) (24 hr/day)

= 26.127 kwh/M.T. of paddy.

As 1is indicated in the data and calculations above, there is
a similar overall efficiency of energy generation at Ingenio
Guadalupe (32.3%, diesel generator) and in Farmers Mill
(31.4%, husk combustion/turbogenerator). However, the energy
utilization of the Louisiana mill is sligthly better (energy
input unit: 26.13 kwh/M.T.- paddy-) than the energy
consumption in the mill of Peru, { 28 Kwh/ M.T. of paddy ).
Note: Farmers Mill has as about 7 times the capacity of its

Peruvian counterpart.
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5.1.3. Cogeneration Potential.-

The potential for cogeneration is further evaluated by cal-
culating the theoretical heating capacity of the Farmers
Rice Mill and estimating the ratio of attainable energy to
consumption. This index is an indicator of the availability

of energy in hulls.

1. HEAT VALUE OF RICE HULLS.- As a rule of thumb the estimate

of the higher heating value [HHV] of dry hulls is

1/3 of HHV Fuel 0il No. 2

1/3 (19,500 BTU/1lb) = 6,500 BTU/1Db

The HV with 10% moisture and 2% of soil has been found to

be 5,700 BTU/1b. [8]

2. FUEL CHARGEABLE TO POWER .- FCP is the amount of thermal
energy (BTUs) required to generate a unit of electrical
energy (kwh) [21]. For hulls with 10% of moisture we have:

a. Heating capacity, Hc. (Assumed a husk NHV= 6 KBtu/1lb).
(2000 1b/ton) (250 tons/day) (1 day/24h) (6000 Btu/lb) =
6

Hc = 125 x 10 BTU/hr

b. Rated Power, RP: 11.5 MW
c. Fuel Charged to Power.- FCP = Hc/RP
(125 x 100 KBTU/hr)/(11.5 MW) = 10.8 KBTU/kwh
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3. ATTAINABLE ELECTRICAL ENERGY PER GROSS INPUT:

Assuming a net heating value (NHV) of 6,000 BTU/1lb,

{6.0 KBTU/1b) (.2 1b hulls/lb paddy) (1 kwh/10.8 KBTU) =

.1104 kwh/1b of paddy .

243.4 KWH/M.T. of paddy.

4. REQUIRED ENERGY PER GROSS INPUT UNIT.- (Section 5.1.2-7).

= 26.127 KWH/M.T. of paddy.

5. RATIO OBTAINABLE ENERGY TO REQUIRED ENERGY.-

= 243.4 /26.127 = 9.315
It can be implied that a cogeneration system that utilizes
rice hulls as fuel, can attain as much as 9 times the amount

of energy required to perform the milling process.

6. OVERALL SYSTEM EFFICIENCY.-

= 3,412/10,870 = 31.4%

5.2. COMBUSTION OF RICE HULLS.-

In the past, burning rice hulls has been one of the
solutions for rice hulls disposal. However, use or disposal
has frequently proved difficult because of the tough, bulky
and abrasive structure of this material. On the other hand,
environmental regulations have limited the combustion of
both rice straw and rice husk in open fields near wurban

settlements. All this is a result of the high content of
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inorganic matter, mainly silica (Si0 ) in the hulls. In
2
addition, hulls have low nutritive properties, resistance to

weathering, great bulk and high ash content.

The general characteristics described above tell us about
the constraints likely to be found in rice hulls combustion.
For instance, their low nutritive value make them not useful
as a feed component. Next, their resistance to weathering
implies that husk can be stored with minimum protection.
But, their great bulk requires significant storage volume.
Finally, the ash has been found to be the most cumbersome
problem in flue gas emissions. However, the probability of
utilizing flue gases, mixed with air for drying paddy, and
the potential market for rice husk ash make desirable the
installation of an effective ash recovery element within

the combustion system.
5.2.1. Properities of Rice Hulls.-
Most of this section has been adapted from Houston. [10]

Physical Properties.-
This section is to describe physical properties of rice
hulls , such as color, size and shape; moisture content,
hardiness and abrasiveness; density, fuel value and thermal

conductivity are to be studied as well.
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Color, Size and Shape.-
Most Peruvian rice varieties are straw or golden color.
Hulls have a length about 6 to 10 mm. Their width wvaries
from one third to one fifth of their length. Hulls removed
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