
An approach to the estimation of the value of agricultural
residues used as biofuels

Atul Kumar, Pallav Purohit, Santosh Rana, Tara Chandra Kandpal *
Centre for Energy Studies, Indian Institute of Technology Delhi, Hauz Khas, New Delhi-110016, India

Received 14 November 2000; received in revised form 28 October 2001; accepted 9 November 2001

Abstract

A simple demand side approach for estimating the monetary value of agricultural residues used as biofuels is proposed.
Some of the important issues involved in the use of biomass feedstocks in coal-/red boilers are brie0y discussed along with
their implications for the maximum acceptable price estimates for the agricultural residues. Results of some typical calculations
are analysed along with the estimates obtained on the basis of a supply side approach (based on production cost) developed
earlier. The prevailing market prices of some agricultural residues used as feedstocks for briquetting are also indicated. The
results obtained can be used as preliminary indicators for identifying niche areas for immediate=short-term utilization of
agriculture residues in boilers for process heating and power generation.
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1. Introduction

Agricultural residues have acquired considerable
importance as biofuels for domestic cooking, indus-
trial process heating, electrical power generation, etc.
and are used directly as well as in briquetted form for
a variety of energy end uses. To formulate and imple-
ment long-term strategies for e7cient and economic
utilization of agricultural residues as feedstocks for
energy conversion and utilization, it is important to
estimate their monetary value for the end-user. Two
approaches may be used for estimation of the value of
agricultural residues—(i) the production cost method
in which the contribution of each step in crop pro-
duction and harvesting, etc. is taken into account and

(ii) an opportunity cost estimation based on the
amount and cost of fuel(s) likely to be substituted by
the biomass.

The /rst method essentially looks at the supply side
of the agricultural residue production and utilization
whereas the second method considers the demand side
to arrive at suitable value tags for different agricul-
tural residues. Some work on the /rst method (supply
approach) was undertaken in our group [1] and cost
estimates were obtained for some agricultural residues
with large potential of being used as energy feedstocks
in the country. In this paper, the second method (de-
mand side approach) has been considered to arrive at
the estimates.

The supply side approach [1] took into account the
contribution of the costs of production, harvesting,
collection, transportation and storage of agricultural
residues and provided reasonable estimates for the
total cost of agricultural residues considered in the
analysis. The production cost of agricultural residues
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is taken as a fraction of the procurement cost of the
principal product of the crop as announced by the
Government of India from time to time (each year
Government of India prescribes a minimum procure-
ment price for most of the agricultural crops for their
purchase from farmers). For agricultural residues
which are harvested separately from the main crop,
harvesting cost was also considered. The cost of col-
lection of agricultural residues was also worked out
using the prevailing daily wage rate of the labour,
and also the carrying capacity and the number of trips
made by an unskilled labour in a day. Three common
transportation modes, i.e. animal cart and tractor trol-
ley (for short distances) and truck (for long distances)
were considered. The transportation cost for tractor
trolley mode was calculated by taking into account
the fuel consumption per hour of operation, the cost
of fuel, the hourly wage of the driver, the distance
of transportation, carrying capacity of transportation
mode and the transportation speed. For long distance
transportation by truck the prevailing freight rate
was considered. For storage cost a /xed value (Rs.
75=tonne) was used. The above-mentioned details
notwithstanding, the production cost method (or the
supply side approach) has the following limitations,

(i) The procurement prices of the crops being sub-
stantially different from each other, in case of
agricultural residues different fractions of the
procurement price were used to estimate the pro-
duction cost of agriculture residues,

(ii) The quality of fuel (such as its calori/c value)

was not taken into account.
(iii) The distance of agricultural residue transporta-

tion was limited to 50 km only. However, in
India, the agricultural residues are reportedly be-
ing transported by road over distances of about
400 km.

In this paper, an attempt has been made to estimate
the maximum acceptable monetary value of some agri-
cultural residues as biofuels. The results of typical cal-
culations are compared with cost estimates obtained
using the supply side approach developed by Tripathi
et al. [1], The role of different factors (i.e. calorific
values of agricultural residues and coal, e7ciencies
of boilers, pithead price of coal, distances from coal
pithead and freight rate of coal transportation, etc.)
included in the analysis have also been studied. The
maximum acceptable price of the agricultural residues

which is essentially the monetary value of the equiva-
lent amount of fossil fuel which can be substituted by
the agriculture residue can be used as
(a) a measure of the equivalent monetary worth of

the agricultural residues,
(b) a basis for comparison of the prices of two or

more agricultural residues, and
(c) an upper limit to the price of agricultural residues

beyond which the use of fossil fuels may be a
better /nancial option.

2. Analysis

The present study is essentially based on the as-
sumption that the use of agricultural residues (directly
or after processing) leads to substitution of fossil
fuels. The maximum acceptable unit price of an agri-
cultural residue can therefore be estimated as the
monetary value of the equivalent amount of the fossil
fuel that can be substituted by the agricultural residue.
In view of the fact that the calori/c values of various
fossil fuel(s) and agricultural residue(s) as well as
their e7ciencies of utilization for a speci/c end use
are normally different, the maximum acceptable price
of agricultural residues (MAPar) can be estimated as

MAPar =
CVar x

CVff x n&iff
ff, local; (1)

where CVar represents the calori/c value of the agri-
cultural residue, CVff the calori/c value of fossil fuel
being substituted by the agricultural residue, nd;ar the
e7ciency of the agricultural residue utilization in its
end use, n^g the e7ciency of fossil fuel utilization in
its end use and Pffjocai the unit price of fossil fuel at
the end-use point. It is assumed that both the agricul-
tural residue(s) as well as the fossil fuel(s) are being
utilized for the same end use.

Owing to large-scale combustion of coal in boiler
applications in India, the present study is con/ned to
the substitution of coal by agricultural residues. In
such a case the expression inside the square bracket
of Eq. (1) can be interpreted as the equivalent spe-
ci/c mass of coal. The price of coal at a place would
also depend upon the distance of the place from the
coal pithead. The local price of coal (Pcoal;local) c a n

therefore be expressed in terms of its pithead price
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Table 1
Characteristics of selected agricultural residues

Agricultural
residue

Arhar stalks
Coconut coir
Coffee husk
Corn cobs
Cotton stalks
Groundnut shells
Jute sticks
Rice husk

Calori/c value
(kcal=kg)

3553
4256
4200
3644
4270
4081
4548
3167

C
(%)

38.05
15.94
46.46
41.44
41.49
33.90
47.79
36.42

H
(%)

6.15
2.25
6.26
5.96
6.20
1.97
6.61
4.91

N
(%)

1.01
0.50
0.72
0.14
1.81
1.10
1.77
0.59

O
(%)

53.78
63.50
34.95
51.26
47.49
59.93
42.63
35.88

Ash
(%)

1.01
17.81
11.61

1.20
3.01
3.10
1.20

22.20

Ash fusion
temperature (°C)

1460-1500
1150-1200
1020
950-1050

1400-1450
1220-1250
1400-1450
1650

coal; pithead ) in the following manner:

Pcoal; local = Pcocoal; pithead -^pithead—local; (2)

where Dp;thead-local represents the distance of the
end-use point from the coal pithead and f the freight
rate (Rs.=tonne=km) for the transportation of coal.

It is desirable to identify the variable(s) which sig-
nificantly affect the maximum acceptable price of the
agri-residues and to study the effect(s) of possible vari-
ations in the values of such variable(s) on the maxi-
mum acceptable price. The values of these variables
may change with location (such as Pcoal;local), techni-
cal development (such as nd;ar and nd;coal) and qual-
ity of fossil fuel (such as CVg). Although Eqs. (1)
and (2) can be directly used on a computer spread
sheet to study the role of these variables, a couple of
nomographs are presented in this paper to facilitate the
same for the use of small-scale industrial entrepreneurs
and commercial users of process heat in developing
countries.

The use of agricultural residues as biofuels in
boilers for process heat and power generation ap-
plications can be made in two somewhat different
ways—(i) boiler can be /red exclusively with agricul-
tural residues or (ii) agricultural residues are co-/red
with coal. In India the total cost of a boiler /red ex-
clusively with agricultural residues is estimated to be
somewhat less than that of a coal-/red boiler. This is
due to the fact that the Indian coal has very high ash
content (= on average 40% for F grade coal) leading
to increased size as well as ash handling requirement.
In case of co-/ring, however, the total cost increases
due to the requirement of additional equipment for
biomass handling=feeding. Using a simple formula-
tion given in Appendix A the possible implications

of any incremental cost of a boiler co-/red with coal
and agriculture residues (over a boiler /red with
coal alone) for the estimation of monetary value of
agricultural residues can be studied.

Table 1 presents the characteristics of some agri-
cultural residues potentially suitable for boiler appli-
cations [2]. These agricultural residues contain very
small amounts of sulphur and consequently SOx emis-
sions are likely to be much lower in biomass /red (or
co-/red with coal) boilers. Recently, published liter-
ature [3-5] not only con/rm this but also report a de-
crease in the NOx emissions in biomass /red=co-/red
boilers. The ash fusion temperatures of these agri-
cultural residues are also quite high (Table 1). Re-
cent studies have also indicated that there is no sig-
ni/cant increase in the slagging due to co-/ring of
biomass along with coal so long as the thermal in-
put contributed by biomass is limited up to 25% [6].
Since the ash contents of these agricultural residues
are less than coal, the total amount of ash produced is
lower than that in the case of coal-/red boilers. As a
consequence, the particulate emissions are also likely
to be reduced in biomass /red=co-/red boilers. The
experience so far with biomass co-/red boilers has
indicated that the use of biomass feedstocks does not
require additional manpower nor is it necessary to
wash them to remove dirt, etc. prior to feeding into the
boiler. With increased experience and enhanced use
of biomass feedstocks such as agricultural residues for
boiler applications, better information is expected to
be available in future for formulation of better mod-
els. However, in the present circumstances the effects
of these factors in the estimation of the maximum ac-
ceptable price of agricultural residues have not been
considered in this paper.
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Table 2
Various input parameters used for calculations

Input parameter

E7ciency of utilization of
agricultural residue

Calori/c value of coal
E7ciency of utilization

of coal
Pithead price of coal
Freight rate of coal

transportation

Symbol

nd ;ar

CVcoal

«d,ff

-* coal;pithead

/

Unit

—

kcal=kg
—

Rs.=tonne
Rs:=tonne=km

Value

0.70

3300
0.80

550
0.689

3. Results and discussion

The values of the input parameters used in
Eq. (1) for calculating the maximum acceptable prices
of some agricultural residues commonly used as bio-
fuels are given in Table 2 [2,7,8]. In all calculations
made in the present study, it is assumed that the agri-
cultural residues substitute F grade coal (calori/c
value of 3300 kcal=kg) with a pithead price of
Rs. 550=tonne [9].

Table 3 gives the maximum acceptable price of
several agricultural residues at different distances
from the coal pithead. The estimated values of the
maximum acceptable prices vary from a minimum of
Rs. 462=tonne for rice husk to Rs. 663=tonne for jute

sticks at the pithead. These calculations assume that
all the agricultural residues are used in the boiler
with the same e7ciency of utilization. However, in
practice, the e7ciency of agricultural residue utiliza-
tion may be different for different agri-residues. It
may also be noted that the cost of transportation of
coal from the coal-pithead contributes signi/cantly to
the maximum acceptable price at the end-use loca-
tion. In India, the coal is transported up to distances
of about 2000 km to meet the industrial energy de-
mand. Due to high cost of coal transportation to
such long distances the maximum acceptable price
of agricultural residues also increases considerably.
Substitution of coal by locally available relatively
cheaper agricultural residues would therefore be quite
attractive in industrial areas located far off from coal
pithead. Most of the coal in India being mined in
the state of Jharkhand and Orissa, a large potential
exists for agricultural residue utilization in boiler
applications subject to their adequate local availa-
bility.

A nomograph for exemplifying the effect of different
input parameters on the maximum acceptable price of
agricultural residues at the pithead is shown in Fig. 1. It
allows for a wide range of choices of the values of the
input parameters and can be used for a quick estima-
tion of the maximum acceptable price of agricultural
residues in a variety of conditions. Another nomo-
graph showing the effect of distance of the end-use
location from the coal pithead on the maximum

Table 3
Maximum acceptable prices of different agri-residues at different distances from the coal pithead

s.

1

2
3
4
S
6
7
8
9

10

No. Agricultural
residue

Arhar stalks
Coconut coir
Coffee husk
Com cobs
Corn stalks
Cotton stalks
Groundnut shells
Jute sticks
Mustard stalks
Rice husk

1 US S = Rs. 47.16 on

Distance from
pithead (km)"*'

Calorific value
(kcal/kg) \
3553
4256
4200
3644
3300
4270
4081
4548
4500
3167
II July, 2001.

At pithead

518
621
613
531
4X1

623
595
663
656
462

100

583
698
689
598
542
701
670
746
738
520

200

648
776
766
665
602
779
744
829
821
578

Maximum acceptable
300

713
854
843
731
662
857
819
913
903
635

400

778
932
919
79S
722
935
893
996
985
693

500

843
1009
996
864
783
1013
968
1079
1067
751

price
800

1037

1243

1226

1064

964
1247
1192

1328
1314

925

(Rs./tonne)a

1000

1167

1398

1380

1197

1084

1403
1341

1494
1478

1040

1200

1297

1554

1533

1330

1205

1559

1490

1660
1643

1156

1500

1492

1787

1763

1530

1386

1793
1713

1910
1889

1330

1800

1687

2020
1994

1730

1566

2027

1937

2159

2136

1503

2000

1X16

2176

2147

1863

1687

2183
2086

2325
2300

1619
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A
200 600 1000 1400 1800 2200

Maximum acceptable price of agri-residue at pithead (Rs/tonne)
Calorific value of agri-residue (kcal/kg)

3000 3500 4000 4500 5000

Fig. 1. Nomograph for estimating maximum acceptable price of agricultural residues at the coal pithead.

acceptable price of agricultural residues is presented
in Fig. 2. In this nomograph, the calori/c values and
e7ciencies of utilization of the coal and the agricul-
tural residues are combined in terms of the equivalent
speci/c mass, which represents the amount of coal re-
placed by a unit amount of agricultural residue.

Table 4 gives the values of maximum acceptable
prices of agricultural residues as estimated in the
present work along with the estimates of the cost of
agricultural residues based on the production cost
method developed by Tripathi et al. [1]. The prevail-
ing market prices of a few of these as obtained on the
basis of a detailed discussion with Mr. A. K. Khater,

Advisor M=s Hi-Tech Agro Projects (P) Ltd. New
Delhi are also given in Table 4. Since a direct com-
parison of the /gures given in Table 4 under three
different approaches may not be strictly possible, the
following broad inferences can be drawn on the basis
of results summarized in Table 4.

(i) The cost of transportation is very important in
both the production cost method as well as the
maximum acceptable price method. However,
for transportation of agricultural residues it is
even more critical due to their lower bulk density.
In the production cost method the agricultural
residues are assumed to be transported by tractor
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/ \
Distance from coal pithead (km)

400 800 1200 1600 2000

Fig. 2. Nomograph for estimating maximum acceptable price of agricultural residues at the end-use place.

trolley (up to 50 km) and trucks (up to 300 km).
The maximum acceptable price method, on the
other hand, assumes that coal is transported by
trains at a relatively cheaper freight rate,

(ii) The monetary values of on-farm agricultural
residues obtained using production cost method
are always less than the corresponding values (at
the pithead) obtained on the basis of maximum
acceptable price method presented in the work.
This clearly indicates that even at coal pithead it
may be possible to promote the use of agricul-

tural residues as biofuels subject to their local
availability. The user of the agricultural residues
may pay the minimum amount due to the pro-
ducer (farmer) and still have a cheaper option
than coal for meeting his boiler requirements,

(iii) There are a large number of possible combina-
tions of (a) distance from the farm to the agri-
cultural residue end-use point and (b) the dis-
tance from the coal pithead to its end-use point,
which will make the use of agricultural residues
/nancially attractive for the user. For example,
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Table 4
Comparison of the maximum acceptable price of agricultural residues with the cost estimates based on the production cost method and
also with prevailing market price(s)

Agricultural
residue

Arhar stalks
Coconut coir
Coffee husk
Corn cobs
Corn stalks
Cotton stalks
Groundnut shells
Jute sticks
Mustard stalks
Rice husk

Production Cost Method
(Rs.=tonne)

On farm

467
NAe

NA
164
331
557
322
361
400
238

aNA: Not available.
bDistance from
cDistance from
dHigher values
eDistance from

50kmb

609
NA
NA
306
473
699
664
503
542
380

agricultural farm.
coal pithead.
represent off-season price.
local market.

300 kmb

917
NA
NA
614
781
1007
972
811
850
688

Cost of agricultural1 residue

Maximum acceptable price
Method (Rs.=tonne)

At pithead 300 kmc

518
621
613
531
481
623
595
663
656
462

713
854
843
731
662
857
819
913
903
635

1500 kmc

1492
1787
1763
1530
1386
1793
1713
1910
1889
1330

Prevailing market price(s)
(Rs.=tonne )a

At local market 200-400 kmd

NA
NA
400-600
NA
NA
NA
200-800
NA
600-1000
600-1000

NA
NA
550-900
NA
NA
NA
650-1200
NA
600-1000
1050-1450

for all the agricultural residues considered in
this study, it would be /nancially attractive to
use agricultural residues if the same has to be
transported on tractor trolley up to a distance
of 50 km instead of transported coal to a dis-
tance of 300 km from the pithead. Similarly, if
the coal has to be transported to a distance of
1500 km from the coal pithead, it would make
/nancial sense to use the agricultural residues
even if they have to be transported to a distance
of 300 km by truck.

(iv) The estimates of market prices available for a few
agricultural residues appear to be on the lower
side of the estimates based on the maximum ac-
ceptable price method (except on the case of
the off season price of rise husk). This indicates
underutilization of these agricultural residues as
biofuels as compared to their seasonal availabil-
ity. Some important aspects relating to the market
price of agricultural residues in India are brie0y
summarized in the following paragraph.

The prevailing market price of groundnut shells
in Saurashtra region of India is in the range of
Rs. 300-400=tonne during the harvesting season,
and it even increases up to Rs. 800=tonne dur-

ing the off-season. Groundnut shells in this re-
gion are transported up to distances of 300 km,
and the average transportation cost by truck is
Rs. 400=tonne. In north Andhra Pradesh and south
Karnataka the price of groundnut shells is Rs.
400=tonne during the harvesting season and Rs.
600/tonne during the off-season. The transporta-
tion cost is Rs. 250=tonne. In western Rajasthan the
price of groundnut shells is in the range of Rs. 150
-200=tonne but the transportation cost is relatively
higher (Rs. 450-500=tonne). Mustard stalks in north-
ern Rajasthan and Haryana are traded in the range of
Rs. 200-250=tonne during the harvesting season and
Rs. 600/tonne during off-season and is transported to
distances of up to 200 km. The transportation cost
is about Rs. 400=tonne. In Madhya Pradesh mustard
stalks are usually available at a negligible price dur-
ing harvesting season. In the case of rice husk, in the
states of Punjab, Haryana and Uttar Pradesh the price
of rice husk is found to be about Rs. 600=tonne dur-
ing the harvesting season and during the off-season it
increases to as high as Rs. 1000=tonne. The freight
rate of transportation of rice husk in the above states
is about Rs. 1.50=tonne=km and it is transported up
to distances of 400 km. The price of coffee husk in
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Karnataka is in the range of Rs. 400-600=tonne and
is transported up to distances of 300 km. The trans-
portation cost varies from Rs. 150-300=tonne.

4. Concluding remarks

The estimates for the value of the agricultural
residues based on the production cost method [1] as
well as those obtained in the present work using the
maximum acceptable price method are presented. It
is found that the two methods can supplement each
other in proper assessment of the value of agricul-
tural residues as biofuels. While the production cost
method essentially re0ects the minimum amount a
farmer has to be paid for the agricultural residues, the
estimates based on the maximum acceptable price de-
/ne the upper limit up to which the energy end-user
can pay for the agricultural residues.
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Appendix A

Co-/ring of biomass feedstocks such as agricultural
residues in conventional boilers using coal may ne-
cessitate the use of additional equipment(s) to facili-
tate handling and feeding of agricultural residues. This
extra incremental cost to the users should be taken
into account while estimating the maximum accept-
able price of the agricultural residue as a feedstock for
co-/ring in boilers. In such cases the maximum accept-
able price of the agricultural residues will have to be
adjusted (reduced) by an appropriate correction factor
which would essentially re0ect the life=cycle levelized
contribution of the incremental cost of the handling
and feeding equipment (for agricultural residues) to

each unit amount of agricultural residue co-/red in the
boiler. The following simple procedure can be used
to estimate the numerical value of the above correc-
tion factor (to be subtracted out of the maximum ac-
ceptable price of agricultural residues obtained using
Eq. (1) to obtain its /nal estimate). It is assumed that
agricultural residues provide 25% thermal input dur-
ing co-/ring with coal in the boiler.

The annual amount (X) of agricultural residues
required as feedstock for providing 25% thermal
input during co-/ring with coal can be calculated
as

X =
0:25 x 75:32 x 108 x TPR x CUF

CVa r X n d ; a r
 ; (A.1)

where TPR represents the thermal power rating
(MWth) of the boiler and CUF denotes the capacity
utilization factor of the boiler. The correction factor
(CF) can be determined as the ratio of the annualized
cost of the additional equipment to the total amount of
agricultural residues used in the boiler. The correction
factor can be estimated as

CF =
Q x R(d; T)

X ; (A.2)

where Ci is the incremental cost of the boiler due to
the requirement of handling and feeding for the agri-
cultural residues and R(d; T) the capital recovery fac-
tor (for discount rate d and useful life time T of the
boiler). Using Eq. (1) for the maximum acceptable
price and Eqs. (A.1) and (A.2) given above, the fol-
lowing expression is obtained for the correction fac-
tor as a fraction of the maximum acceptable price
(as determined using Eq. (1)):

CF C i x R(d; T) x CVcoal x nd;coal

MAPar 18:83 x 105 x CUF x TPR x Pcoal local
:

' (A.3)

It may be noted from Eq. (A.3) that the correc-
tion factor (expressed as a fraction of the maximum
acceptable price) to be applied to the maximum
acceptable price of an agricultural residue (due to
the incremental cost of the handling and feeding
equipment required for the agricultural residues) is
independent of the calori/c value of the agricultural
residue and its e7ciency of utilization in the boiler.
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Table 5
Estimated values of correction factors as a fraction of the maximum acceptable price of the different agricultural residues for a typical
6 MW boilera

Distance from pithead (km) At pithead 200 400 600 800 1000 1200 1400 1600 1800 2000
CF as fraction of MAPar 0.088 0.070 0.059 0.050 0.044 0.039 0.035 0.032 0.029 0.027 0.025

aP = 6 MW, d = Rs: 1 ;500 ;000, CUF = 0:85, d = 0:10, T = 20 years.

Table 5 presents the values of correction factors as
a fraction of maximum acceptable prices of the agri-
cultural residues for different distances from the coal
pithead for a typical 6 MWth 0uidized bed combustion
boiler commercially available in India.
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