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ABSTRACT

Most efforts in resource assessments involving agricultural wastes only evaluate the resource
base and seldom determine the supply potential, This paper discusses a methodology that determines
the supply potential of agricultural residues for use asfuel. The methodology takes into consideration
the physical arnd social accessibility factors, the competing demands for the residue and the logistics
of collection and ufilization. The methodology has been successfully used to estimate the supply
polential of rice residue for use as fuel in small West African country.

INTRODUCTION

In most developing countries fuelwood is the main source of energy. Thisisso particularly in the
rural areas where nearly all the energy requirements of the domestic sector are met from this source.
The demand for this type of fuel has led to an environmental crisis in these countries: forests have
disappeared and deserts are gradually encroaching on woodlands. In some countries where this
environmental crisis has already occurred, agricultural residucs have now become an important
alternative to fuelwood. In other countries where the environmental crisis has yet to oceur, govern-
menis are aclively considering policies that will keep the crisis away. Such policies will incvitably
include re-afforestation, conservation techniques including the use of fuel-efficient technologies and
the augmentation of fuelwood by agricultural residues. Thus, whether or nota fuelwood crisis already
exists, it is important to know the available agricultural residues for possible use as fucl,

The assessment of the resource base of agricultural residues (i.e. the total amount of generated
annnally) is usually carried out on the basis of information on the crop-residue index and the total crop
produced annually.!? However, the estimation of the supply potential of these residues for use as
energy sources is slightly more complicated because of the problem of estimating the fraction
accessible.* The accessibility faclor (i.e. fraction of resource base accessible) depends on the
economic value of the residues as a fuel source, the cost of collection and the distribution of farm-
community distances if the wastes arc generated on the farm. Although there has been many reports
estimating the resource base of agricultural residues,*’ up until now no well-defined methodology has
been developed for estimating the supply potential.

This paper discusses an approach for estimating the supply potential of agricultural wasies as a
potential source of energy. It is then applied in a case study where the supply potential of rice
residue in Sierra Leone, a small West African country, is estimated.
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METHODOLOGY

Introduction

Biomass resources assessments distinguish between two levels of assessment; resource base
(stock or yield) and supply potential. The latter is a fraction of the former and is the focus of our
attention here. In this work we also recognise two classes of agricultural residues: those generated
on the farms (on-farm residues) and those generated off the farms during processing (off-farm
residues). In general, the resource base and the supply potential for off-farm residues such as rice husk
are the same when the residue is used as fuel in the domestic sector. Thisis because the off-farm residue
is usually generated within the community and hence the problem of accessibility does not exist; in
this case the entire resource base will be accessible.

Principle of the Methodology

The methodology used in assessing the supply potential of agricultural residues is an exiension
of that which was discussed by Massaquoi.® First, the amount of residue generated ammually (e.g. the
resource base) is estimated from statistical data on primary crop production and field data on residue
index. The latter is the ratio of residue to the primary crop. Once the resource base is known, the main
task will be to determine the fraction of the resource that is accessible and the amount that is required
for non-energy uses,

In order to determine the fraction of the resource base that is accessible, it is essential to know the
economic value of the residue. High economic value will encourage consumers to go longer distances
tocollect the material or offer the farmer higher prices for it; while lower values will reduce the quantity
that is accessible. Another important parameter in estimating the physically accessible residue is the
production (or collection) cost of the residue. This is a function of the distance between the residue
generation point and the utilisation point (or the community), The production cost at different farm
locations is compared with the economic value of the residue, If the production cost is greater than
the economic value then the residue generated at the particular location will not be physically
accessible. The maximum collection distance also referred 1o as the radius of the collection area, is the
distance at which the collection cost is just equal to the economic value of the residue.

Once the maximum collection distance is known, the next step is to determine the distribution of
the distances between the generation point and the community. This is done through a sample survey.
Combining this information with that on the maximum collection distance, one will be able to estimate
the fraction of residue accessible, The distribution of distances will reveal the quantity of residue tying
at locations with distance less than the maximum collection distance and this represents the amount
physically accessible,

Some of the residues that are physically accessible may not be available because of socio-
economic factors such as the land tenure system, secret society land area, efc. The fraction of the
physically accessible residue that is not available because of such socio-cultural factors is cvaluated
from field survey.

The residue may also be used for non-energy purposes such as animat feed or fodder, The quantity
of residue used for non-energy purposes is determined from statistical records. If the economic value
for other uses is higher than that for energy use, then the biomass available for energy use is the total
available biomass less that which is required for other uses, If again the economic value for other uses
isless than that forenergy use, then all the available biomass could be used for energy purposes because
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it is assumed that energy-use will be given preference. For the special case of rice husk, it was learnt
that the generation points were within the community and hence the collection cost was not a function
of distance. In this case ali the husk generated was considered physically accessible. This is generally
true for all residues generated in crop processing industries.

Use of an Information Flow Diagram

An information flow diagram depicting the important items of information required in the
methodology is given in Fig, 1, There are two categories of information sets in the diagram: those
which must be determined from research (i.e., the primary information) and those to be calculated
from combinations of the primary information. In this section we discuss the primary items of
information and how they can be obtained. In the succeeding section the equations for combining them
to obtain the secondary items of information are discussed.

The following input data have to be collected from either statistical records or field surveys in
order to use the methodology: annual production of primary crop, the residue index, physical
characteristics of the residue, the cost of collecting the residue, the distribution of farms-community
distances, the quantity of residue nsed in non-energy activities, the economic value (or price) for use
innon-energy activities, the energy conversion efficiencies of the different end-use technologies, cost
parameters of the end-use technologies and the socio-cultural constraints on the accessibility of the
residue.

Amount of Quantity of - .
Primary Crop Residus Used in Chamclen:sucs Log:sncl.v. of Distribution
Produced Non-energy Sector of the Residue Collection of Distances
Residue Ecanonflc Yalue Energy Economic Socio-Cultural
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Fig. 1. Information flow diagram depicting information required to assess the encrgy potential of agricultural residues.
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Primary crop production

Thispiece of information is usuatly obtainable from statistical records. If such records do not exist,
one can use the data on land use pattern and crop yield to obtain this information. Thus, the primary
crop produced annually is the product of the crop yield per hectare and the total land area covered by
the crop,

Residue index

This is the ratio of the amount of residue generated to the amount of primary crop produced. The
primary crop is that part of the plant for which it is grown. For example, in the case of the rice plant
the grain is the primary crop.The residue index is usually determined from field data.

Physical characteristics of the residue

The main characteristics of the residue that will be useful in the resources assessment are the bulk
density and the calorific value, There are standard laboratory methods for determining these quaniities.
- The net calerific value is usually preferred over the gross calorific value.

The cost of collecting the residue

On-farm residues require collection from an extensive area, Utilisation of the residue off-site,
implies that the residues must be purchased from the farmer by an outside operator and atlowance must
then be made for a profit to the farmer and transportation from farm to the energy end-user, Morcover,
the energy demand may be all the year round while the wastes may only be available at a particnlar
time of the year. Storage is therefore another added cost. This includes the cost of handling and the
capital invested in the storage facility. Storage and transport costs are both related to the physical
characteristics of the residue.

The total cost will comprise of the purchase cost, the cost of gathering and loading, transportation
cost and storage cost. The transportation cost usually varies linearly with the distance of the round trip.
Usually the cost of gathering the residue into a single location on the farm is included in the purchase
cost. A survey of opinion will be useful to determine these cost parameters.

The distribution of farm-community distances

A survey is usually carried out to find out the number of farms located at various distances.
Quantity of residue used in non-energy activities

These datacan be computed from statistical records in cases where the residue is used in the formal
sector. If the residue is used in an informal way, such as ploughing back into the Iand, the amount used
can be computed by assuming that the residue generated by such farmers are all used in non-energy
activitics.
Price (or economic value) of the residue when used in non-energy activities

This refers to the present value of the residue if it is used in the non-energy sectors such as
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agriculture, If it is already used in an informal manner then the economic value (i.e. opportunity cost)
forits use in that way is determined. If it is used in the formal sector then the price paid for itis obtained
from interviews.

Energy conversion efficiencies of the different end-use technology

The economic value of the residue will depend on the efficiency of the end-use technology This
efficiency dependson the type of fuel. If the residue is being considered for augmenting fuelwood, then
the end-use technology in question is mainly cooking stoves. There are standard laboratory experi-
ments for determining stove efficiency where such information is not available {from the literature,

Cost parameters of the end-use technologies

This includes the operating and capital costs of the technology. They can be estimated from the
cost of time to complete a typical operation and the cost of maierials used in the construction.

Socio-cultural constraints on the accessibility of the residue

A survey is usually carried out to find out if there are any religious, or cultural reasons for not
wanting to use particular residue as fuel. The value of the fraction of the population who object to the
use of the residue as fuel is obtainable from such surveys.

Calcutation Procedure

The calculation procedure and the equations used in estimating some of the secondary
information depicted in the information flow diagram are presented in the following paragraphs.
Details of the development of these equations are given by Massaquoi.’

Resource base

The primary items of information required for the estimation of the resource base are the total
amount of the primary crop produced annually and the residue index (or wasted factor). When detailed
crop production statistics are not avaitable, the latter can be obtained from the fand use pattern and the
crop yield. Thus the resource base R, is given as

R,=R,P (1
where R, is the residue index, and
P isannual production of the primary crop.

Economic value

Most attempts at estimating biomass fuel value have typically considered the energy of the
material as a joule-for-joule replacement for coal or oil without considering the capital cost penaltics
associated with the biomass system. Moreover, even the differences in conversion cfficiency and the
logistics of utilisation such as the high operating cost are ignored. The approach used here is to
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determine the economic value in terms of the quantity of conventional fuel saved.

The items of information required for estimating economic value of the residues are the annual
operaling and capital cost of end-use technology for both the residue and the conventional fuel for
which itis to be substituted. Massaquoi’and Tillman® have developed an expression for the economic
value of biomass fuel as:

AC.+ AC,+ P W
Vg =t et P W @
netr M. W f
‘where Vi is the economic value per unit weight of residuc when used as fuet,
AC, is the difference in annual cost of capital between conventional fuel and
residue-fired stove = (C', - C),
C.C are respectively the annual cost of capital for conventional fueland residue-
fired end-use technologies,
AC, is the difference in annual operating cost between conventional fuel and
residue-fired stove = C-C),
H » H,,  are the net calorific values of conventional fuel and residue,
ot is the ratio of the net calorific value of conventional fuel to that of the residue
H /H,),
M and 7 arerespectively the thermal conversion efficiencies of conventional fuel and
residue fuels,
n, is the ratio of the efficiencies of the conventional fuel to that of the residue
(m'm),
P, is price of fuel, and
LA is weight of fuel used.

Maximum collection distance

The maximum collection distance is determined by the total collection {or production) cost and
the economic value of the residue. The collection cost is directly proportional to the distance between
the farm and the community when the residue is generated on the farm. The following equation has
been developed for the total cost for on-farm residues.

G=C,L+C +C, (3)
where Ci  is the total cost of the residue per unit weight,
C,  Is storage cost per unit weight,
C,  is the transportation cost of one unit weight per unit distance,
Cp  is fee paid to farmer t0 gather the residue in one post on the farm; and
L is distance between producer and consumer.

The maximum collection distance, L*, is the point at which the collection cost just equals the
economic value of the residue, In mathematical terms:

Ve = G L*¥ + C + C, G)]
or L* = XE_—CSM__,C_E (5)

Cy
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Fraction of residue physically available

One of the primary items of information required for the methodology is the distribution of farm-
community distances. From these data it is possible to construct the cumulative distribution function
which will show the fraction of farms at distance less than or equal a certain figure, F,(L). From this
distribution it is possible to obtain the fraction of farms accessible F,(L*) (i.e,. the fraction of farms
located at a distance less than or equal to the maximum collection distance L*). If the size distribution
of farms is independent of distance then the fraction of farms accessible is the same as the fraction of
residue accessible,

Fraction totally accessible
Access to the residue is both from the point of view of location (physical accessibility) and socio-

cultural condition (social accessibility). The latter is estimated from field survey. Thus the fraction of
residue accessible, F,, is givenas:

Ea=Fx (L*) Fs ©)

where F, is the fraction of residue accessible from the socio-cultural point of view, and
E(L*) is the fraction physically accessible.

Amount of residue accessible
The total amount of residue accessible is given as :
Rp=FaRg=FAR;P N
Combining Egs. (6) and (7) results in
RA = Fx([.:*) FS Ri P {8)
for off-farm residue E,(L¥) is approximately unity.
Amount of residue available for other uses
Residue may also be used for non-encrgy purposes such as raw material for industry, If the
cconomic value (or current price) of the residue when used in non-energy operalions is considerable
more than that for energy then the former will get priority for the residue. Ifon the other hand the reverse
is the case then all the accessible residue is considered available for use as fuel.

Thus the total residue available for nse as fuel is given as:

R, = R, ~ Ry if V>V, (a)

U

R, if Vi, < Vg (b)

0 ifV <V, and Ry>R, (c) ¢))
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where R,wRyR,  are, respectively, amount of residuc available, amount accessible and the
quantity used for non-energy activities, and
Vo is the economic value of the residue in non-energy activities.
Supply potential

On a weight basis, the supply potential Sp is equal to the resource available R Ay OF

S, = R,-R,ifv, > Vi (a)
= R, Vo < Vg (b
= 0 Vio > V; and R >R, (c) (10)

Combining Eqs. (8) and (10) results in the following expression for supply potential in terms of
the primary information,

S, =F,(L*) F; R, (P ~ R ifV, >V, (a)
=F(L* F, R P iV, <V, )]
=0 if Vg >V, and Ry >R, (0) (11)

APPLICATION OF THE METHODOLOGY

The methddology described in the preceding sections was used to estimate the supply potential
of rice residues as fuel in Sierra Leone, a small couniry in West Africa. There are two types of rice
residue: rice husk and rice straw. The former is normally generated off-farm during processing while
the latter is generated on-farm during harvesting,

Country Background

The Republic of Sierra Leone is in West Africa situated between latitude 3° and 10°N. The toial
land area is 71,700 km? with an estimated population of 3.7 million. Agriculture is a major sector of
the economy and rice, the staple food of the population, is the biggest annual crop. It is therefore,
expected that the residues emanating from rice farming will be considerable. A study was therefore
carried out to find out how much is generated annually and the fraction of the total that is available for
use as fuel. The study looked at both types of rice farming practices prevalent in the country, i.c.
farming on dry land (upland farming) and farming on swamp land.

Data Input and Sources

Table 1 shows a summary of the data used in the assessment of the supply potential, The methods
of evaluating these data are discussed in the references in Table 1.

Forrice straw, which is an on-farm residue, the distribution of distances between the farm and the
community is essential for establishing the fraction that is physically accessible, Table 2 gives the
average number of farms lfocated at various distances. These figures are approximations based on
replies (o the questionnaire and measured time to arrive at each farm, Since most people walk to their
farms, it is observed that the fongest distance from the edge of the community to the farm is just over
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Table 1. Data for estimating supply potential of rice residues for use as fuel in cooking sfoves.
Ttem Value Unit Source of information
Primary Crop Production
Upland rice 400 536 tonnes Ref (9)
Swamp rice 155 464 -
Total 556 000 -
Restdues Index
Rice husk 0.325 (tonnes/ms.) Ref (6)
Rice straw (swamp) 38 -
Rice straw (upland) 337 -
Weighted average for siraw 3.58 -
Physical Characteristics
(i) Rice husk
Density 107 kg/m? Ref (6)
Ash content 203 %
Net calorific value 12125 kl/kg
Moisture content 11.87 %o
(ii) Rice straw
Density (bulk) compacted 320 kg/m? Ref (6)
Ash content 179 %
Net calorific value 11381 Kl/kg
Moisture content 1791 %
Collection Cost Parameters
Rice straw
Storage 1.0 US$/tonme Ref (7)
Gathering 2.3 US$/tonne
Transportation 2.6 US$/tonne/km
Cost of Utllisation
Difference in annual capital cost
of stoves (AC)) 0.0 Us$ Assumed
Difference in operating times between
rice husk stove and wood stove 1.5 hrs Ref (T)
Difference in operating time between
banded straw stove and wood stove 0.0 hrs
Ratio of conversion efficiencies 1, - Assumed

1.0

2.5 km. It was found that the distribution could be approximated to a normal probability density
function with a mean of 1.4875 km, and standard deviation of 0.531 km.
This information was used to construct the cumulative distribution function F,(L),which defines

the fraction of farms located at a distance less than or equal to a certain value,

The use of rice residues for non-energy activities was also investigated, Other uses of rice husk
in Sierra Leone are not yet significant. However, in the case of rice straw it was discovered that
although there is no significant conscious use of this residue at the moment, its removal from swamp
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lands will lead to serious deterioration of the swamp in the long run. Thus, it is concluded that the
amount of rice straw corresponding to that generated on swamp farms is used for non-energy activities,
The economic value of the straw as a soil fertiliser for swamp land was not evaluated but deemed
to be much higher than that for the straw as an energy source.
Finally, the survey of opinion did not reveal any social or cultural prohibitions or inhibitions
against the use of the rice residues. Details of the questionnaire are presented in the appendix.

Resulis of the Study
Resource base

Applying Eq. (1} and using the data of Table 1, we find (hat the total rice siraw generated annuaily
is 1,962,680 tonncs (air dried wt.) or 1,611,360 tonnes (oven dried wt.). This amount consists of
548,787 (air dried) generated on swamyp and 1,413,893 tonnes (air dried) generated on upland farms,
The total amount of rice husk, all of which is gencraicd off the farm, is estimated at 180,700 tonnes
(air dried wt.) or 159,380 tonnes (oven dried wt.).

Economic value of the residues

Equation (2) and the data given in Table 1 were used to obtain the economic value of the residucs,
Of course the economic value of the residue will depend on the end use. In this case, since the residues
are mostlikely to be substitutes for fuelwood in stoves, their economic valuesas fuels in cooking stoves
has been estimated.

Table 2 gives a summary of the economic values of the residues, It is noted that for rice husk the
economic value as briquettes is far higher than that for the ordinary pulverised husk, In fact, in Sicrra
Leone pulverised husk has little economic value as fuel for domestic cooking. For large operations
such as the parboiling of rice paddy, the value of rice husk is considerably high. It is assumed that rice
straw is only used in compact form hence only the economic valuc of banded straw is given.

Table 2. Summary of the economic value of rice residues as substitute fuel for wood stoves
{Note: Price of fuelwood is US$17.00/tonne).

Average amount  V, of rice husk V, of pulverised 'V, of banded

Type of activity of fuelwood used briquettes in wood tice husk in packed straw in wood
per year stove bed stoves stove
_(tonne) {US$/tonne) (US%/tonne) (tonne)

Nermal domestic cooking

(small) 24 13.0 0.0 12.0

Domestic cooking

(large) 3.6 13.0 ' 3.0 12.0

Small-scale industries 10 13.0 10.0 12.0
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Maximum collection distance for rice straw

Since straw is generated on the farm, there is a maximum distance one has to go to collect it.
Beyond this distance it is uneconomic to collect it for use as fuel. This distance was estimated using
Eq. (5) and the figures for the economic values in'Table2 together with the coliection cost parameters
of Table 1. The maximum collection distance for rice straw is 1.9 km.

Fraction of rice straw physically accessible

Table 3a gives the distribution of distances between farms and communities. The cumulative
distribution of distance F,(L)between farms and communities was also developed using the data of
Table 3a. Since the maximum collection distance (L*) is 1.9 km, the fraction of farms less than or

equalto 1.9km. (i.e. F, (L*))isgivenas0.80 (see Table 3b). Thisis the fraction of straw physically
accessible,

Table 3a. Frequency of occurrence of the different distance ranges.

Range of distances <05 0510 1.0-15 1520 2025 2530
Mean of Range x, 0.25 0.75 125 1.75 2.23 2.75
Frequency f| 5 13 42 39 16 2
= ZfX;

=" 1"= 14685,5=053138,n=119
zf;

1

Supply potential

Rice Husk - Since there is no other major economic use for rice husk, R, is zero and Eq. 11{b) is
used to find the supply potential. Furthermore, it was mentioned that nearly all the husk generated is
within the community, hence it is very accessible. Therefore the accessibility factor (F, (I*)), is one.
Also the social access problem was found to be non-existent (i.e. Fg=1.0).

Thus Eq. 11{b) reduces to

S, =R/P

Using the above equation it was found that the supply potential of rice husk is 180,700 tonnes (air
dried wt.) or 159,380 tonnes (oven dried wL.).

Rice Straw - For rice straw the accessibility was estimated as 0.8. As stated earlier that all straw
generated on swamp land will be considered unavailable since its economic value as fertiliser for the
swamp (i.e. Vy,)is much greaer than that for use as fuel (V). The total amount of straw generated
on swamp land is 548,787 tonnes (air dried). This amount is less than the total resource base and we
can therefore apply Eq. 11(a) .
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Table 3b. Cumulative distribution of distances between farms and communities,
X-p

using standardised normal distribution with variable ( ).
G
Distance K= (L —un ) Fraction of farms located at
L - o distance less than or equal L
(B, (L))
0.1 -2.5733 0.00508
0.2 -2.3871 0.0086
03 -2.1989 0.014
04 -2.010 0.0222
0.5 -1.88226 0.0344
0.6 -1.6344 0.0516
0 -1.258 0.105
1.0 -0.8816 0.189
12 -0.50528 0.308
14 -0.1289 0.4487
1.5 0.05927 0.524
1.6 0.24746 0.6
1.8 0.6238 0.7324
2.0 1.00 0.8413
22 1.3766 0.914
24 1.7529 0.96
2,6 2.1293 0.98
2.8 2.5057 0.99
3.0 2.8821 0.998
Thus
Sp = F(L*) E R (- Ry
where F(L*), F,,and R, are 0.8; 1.0; and 548,787 respectively,

The supply potential of rice straw is therefore 1,062,573 tonnes (air dried wt.).

CONCLUSIONS AND SIGNIFICANCE

The use of agricultural residues as substitute for fuelwood is considered essential for the
preservation of forests and the overall protection of the environment. In order to develop any policy
on the use of residues it is essential (o know the supply potential, However, existing methodologies
only determine the resource base which is usually considerably more than the actual supply potential,
This paper has presented a detailed step-by-step approach of how to determine the supply potential
using statistical data, information from scientific literature and data collected in the ficld. The
methodology has been tested in a small West African country where the execution of the various steps
has been amply illustrated. A summary of the resulis and typical values of the parameters is given in
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Table 4. It is concluded that this methodology can be used to assess both on-farm residues (e.g. rice
straw) and off-farm residues (e.g. rice husk).

Table 4. Summary of Resuits.

Item Symbol Value for rice Value for rice
straw husk

Resource base

{air dried weight) R, 1,962,680 tonnes 180,700 tonnes

{oven dried weight) 1,611,560 tormes 159,380 tonnes
Maximum collection distance Lx* 1.9 km -
Fraction physically accessible E, (L*) 0.8 -
Social Accessibility Factor F, 1.0 1.0
Supply potential (air dried weight) S 1,062,572 180,700
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NOTATIONS

Annual capital cost of residue end-use technology

Fee paid per unit weight of residue gathered on the farm
Annual operating cost of residue end-use technology

Total cost of residue/unit weight

Annual storage cost/unit weight

Transportation cost/unit weight and distance

Frequency of occurrence of a particular range of farm-community distance
Fraction accessible both from point of view of location and socio-cultural constraints
Cumulative distribution function

Fraction physically accessible

Fraction socio-culturalty accessible

Net calorific value of conventional fuel (kJ/kg)

Ratio of net calorific value of residue and conventional fuel
Distance between farm and community (km)

Maximum collection distance (km)

Sample size

Annual production of primary crop (fonnes/yr)

Price of conventional fuel per unit weight

Total quantity of residue accessible (tonnes/yr)

Residue available

Resource base

Residue index - the ratio of residue to primary product
Supply potential

Economic value of residue as an energy source

Economic value of residue in non-energy activities
Average annual weight of fuel used

Sample mean

Random variable representing farm-community distance
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Superscript
() denotes conventional fuel

Greek symbols

AC,  Difference in annual operating cost of conventional and residue-fired stove
AC_  Difference in annual cost of capital of conventional and residue-fired stove
Thermal conversion efficiency

Ratio of thermal conversion efficiencies of conventional and residue fuels
Standard deviation

Mean.

ra=3
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APPENDIX
Energy Supply Potential from Rice Husk and Rice Straw
Questionnaire on Logistics of Collection

Enumerator Code.......vcvoinan

Respondent Code .coivniiiiinnn

Name of Village/Town . -

Estimated Population of the VlllagefI‘ (010 T

A. Background

1. Type of farm e Family...coeercensmerimsnininsnanaias
CO-OPBLALVE...ccevr e riserssesaseserestvnraons Large commercial. i

2. Type of farm ....cccovenes upfand ............. swamp

3 What is the quantity of husked rice produced annually .........oeeere. {bushels,75kg bags, tonnes,
ONETS) . vt ververererarasereserscessmmnsesmssssesmssesesnsesiens

4, What is the method of harvesting the rice?......ovvveeenn. mechanical ......oceeeneneee. mannal

5. What is the method you use for milling the rice?. o vineinennns mechanical ... manual

6. What method do you use for threshing?.......oviivan mechanical ... marnual

7. How many people are in your household? ....oviviveininnnnr

8. What type of fuel do you use for cooking?...........wo0d ........... charcoal.......ciuees agricultural
residue.. o other (SPECifY) vvvrrrrrnvrisivssisniiinns

9, Do you parboil your husk rice? ... FESurarrrans no
If yes,what fuel do you use ....... wood .....agricultural............... other.

10. Do you buy fuel? ... YESueearranres no
If yes, how much do you pay for the fuel?.....covveeenss
If no, how far do you go to fetch fuel?.......ciiinnnnn : and how much time do you spend in
gathering wood ........ccerenen.{man hrs/day, man hrsfweek)

B. Location of Waste Accumulation Point

L. Are all your straws generated at a single location?............... YE8reriesurnnnns 10
Indicate how much of the siraw is generated at each of the following locations:
(all, half, quarter).......oeecenen left on farm land.... e, farm HOUSE..vvecvieeriveessnns
at home in the back yard.......ccceeeenne other (specify)

3, Is all the husk generafed in a single location......ue... V8 urererararirnne no

4, Indicate the quantity of husk generated at each of the following locations (all, half, quarter)
................. on the farm ..............off the farm.

C. Distances

1. How far is your farm from the town/village? .....cviniens milesor e hours of walk
ing

2. Does your town have a commercial fuel market?.......... VES.emrararen no
If no, how [ar is the commercial fuel market?..........miles

3, If you use mechanical mills for dehusking the rice, how far is the mill from you?
............... miles and how far is it from the nearest commercial foel market...............miles
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D. Current Uses of the Rice Husk/Straw

1.

2.

‘What do you do now with your husk?.......... throw away..........use as fuel ........,.animal feed
...... other {specify)

What do you do now with your straw? ......leave it on the

farm land,.......... roof thatching ......other (SPECIfY)...vvvvierirviverisreseraes

If proper appliances are available, would you like to use rice husk as subsfitute for wood/
kerosene in cooking? ........¥€S..iuuuunenn no

If N0, SLALE TEASOM...uiirirerrereerersrsasssrsreraons

If proper appliances are available would you like to use rice straw as fuel in cooking?
.................. N LIPS 114

If o, SLAte TEASONS ...veevervnsrrre s sessssenns

Would you like to use rice husk or straw as fuel for other operations?

Name the OPerations..... . uinisivvrrssisnssrsre s sesessnsenses

If no, state reasons.

E. Collection/Land Use Charges

1.

How much work is involved in gathering all the straw into one place? ............ man hours
Would you consider the following amountstoo small, or accepiable, for gathering all your straw
in a single location?

. Le 50/Acre
......... Le 100/Acre
......... Le 150/Acre
......... other (specify)

What is the typical price for labour from your community which conid be used to bring straw
from farm to town? ......corirererenens
How mach labour is involved in gathering ali the husk in one place?
............................ man hours.
Would you consider the following amounts too small, or acceptable, for gathering all your husk
in a single location?
......... Le 10/sack

e L& 20/sack
......... Le 50/sack

. other {specify)

F. Socio-cultural

1.

2.

Is there any reason you would not collect, or touch rice husk?
IF Y8, SPECIY..ccirreceeerr e v erein e s s sae et sasrameanens
Is there any reason you would not collect, or touch rice siraw?
IE Y8, SPECHY ..o vt see et s sarisresesnsaesess sr s senssanes
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Do you know of anybody or group of people who will not collect or touch rice husk?.........
Is there any reason you would not burn rice husk? If yes, Specify ..

Is there any reason you would not burn rice straw? If yes, specify.............

Do you know of any person or group of persons who would not use rice straw?..ovcnns
Do you know of aiy person or group of persons who would not use rice husk?...cviane

AL



