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ECONOMICS OF GOBAR GAS_PLANT |

INTRODUCTION -

The o0il crisis has made all oil consuming countries seek for
alternatives. In India among other things, the oll erisis is going
to affect fertiliser production severely. Fertiliser consumption
has started picking up in recent years and fertiliser industry has
faced a problem of feed stock. In order to achieve the targets of
agricultural production the minimim consumption of 4.0 million tonnes
of N should be achieved by 1978-79, If difficulties in obtaiming
naptha and crude oil increase (and within foreseeable future it does .
not seem possible to augment our oll resources), it it going to be
increasingly difficult to achisve the target of production of chemical
fertilisers. 1t is, therefare, necessary to explore alternative sources
of feed stocks. Because of this situation, attempts to develop coals
based fertiliser technology are seriously undertaken. One of the
alternative sources of nitrogen is cow dung (gobar). Government and
sclentists have started exploring this alternative very seriously.

ALTERNaIIVE OF GDBAR C&S PLANTS

; Theuse ofcovdungaa mamre is well knowninIndiafromtime
immemorial. The shortage of fusl in the rural areas has led to the

use of dung as.fuel. Meny persons have considered.this as a wasteful
use, Ih the absence of alternative sources of fuel the use of dung

as fuel seems to be quite rational because farmers can afford to purchase
equivalent value of fertilisers which they lose by.using dung as fuel.

The innovation of gobar gas plant promises to solve the difficulty
of fuel and also save dung as manure. This innovation was thought of by
Dr. S.V. Desal of Indien Lgricultural Research Institute. This was
developed by Prof, N.V. Joshd of Pocna., 4around 1951 Mr. Jashbhal Patel
developed a design of the plant which was commercially viable. The
work on improvements in the design of the gobar gas plant is in
progress.

Indian Agricultural Research Institute, Gandhi Smarak Nidhi,
Government of Bombay (Maharashtra), Planning Research and iaction
Institute at Lucknow and many organisations tock great interest in
this innovation and pushed it further.l

IDirectorate of Gobar Gas Scheme, Khadi and Village Industries
Commission, Gobar Gas on the March. pp.2-=3



In 1961, Khadi and Village Industries Commission (KVIC) included
the development and extension of gobar gas plents as one of the important
items in its programmes. 1t helped sctiing up gobar gas plants at farmers
houses and institutions by way of grants and loans. The number of gas
plants and the emounts disbursed through grants and loans for gas plants
from 1962-63 to 1973 are given in exhihit 1. The average amount per plant
varied from Rs.1477.8 to 5008.3.

It is learnt that ths Planning Comnlssion has approved a proposal
of KVIC to sst up 20,000 gobar gas plants in the country. The total
investment on the project is estimeted at Rs.7.81 crores. These plants
widl be located in 2000 blocks at the rate of ten in each block. In
Justification of this project it is claimed that these. plamts will  prom
duce 490 laib cubic metres a year of methane gas (equivalent to 318.5 lakh
litres of Kerosens valued at Rs.190 lakhs). The manure which would be
produced per year would have a value of Rs,9 lakhs. It is alap learnt
that nationalised banks have decided fo provide loans for sedtipg up
60C0 gobar gas plants during 1974-75.

4as the government was keen to explore the alternative sowroe
of gobar to supplemsnt fertilisers, in October 1973 the Indian Cowmcil
of Lgricultural Ressarch set yp a Committee to assess the costebenafit
affects of cow dung gas plants,

4s a member of the Committee, I thought it is advisable to analyse
the data provided in the literature produced by KVIC on gobar gas plantg
and then modify this analysis in the light of the experience gained in
field visits, -

I have used an analytical model to understand the economies of
gobar gas plants.

The Modelg

The model uses the usual capital budgeting technique employed
in cost-benafit analysis. : .

—

Yndian mxpress, February 5, 1974.



Notations for the model are as follows:

Ki

Ii

Lii

L2i-

Ni

1=h

-—

-
-

—
-

Capacity of a gobar gas plant where 1 varies
from 1 to §

5 specific capacities were considered as follows:
60 cft, 100 eft, 150 cft, 200 cft, 250 cft.

Investment for a gas plant where i veries from
1 to 5 denoting the above specified capacities.

Methane gas in cft. produced per year per plant
where 1 denotes the capacity of a gobar gas plant.

Fuel in kgs from the dung of equivalent quantity
which is processed in the gobar gas plant, where
"1 denotes the capacity of a gobar gas plent,

» # Number of animals required per plant where 1 denotes

the capacity of a gobar gas plant.

= Dung produced per gay per animel where ] varies

—
-

from 1 to 6

1 = 4 kgs per day per animal

2 = 6 kgs per day per animl

3 = 8 kgs per day per animal

4 = 10 kgs per day per anlmal

5 =12 kgs per day per animel

6 = 14 kgs per day per animnl

Efficiency of gas production varying from O to 1

= The proportion of cow dung used as fuel in the

existing system, This varies from O to 1. .

= The proportion of cow dung ussd as mamure 1ln the

existing system

= Mamre obteined from dung per year where % denotes

the capaclty of a gobar gas plapt.

= Differende in the veluc of gas amd the value of

fuel obtained from dung where i denotes the
caracity of a gobar gas plant

= Difference in the value of mnnure produced through

a gobar gas plent and the existing system, wheres 1
denctes the capacity of a gobar gas plant,



# R

= Recurring éxpenditure for maintenancz of a1 gas plant
where 1 denotiss the capacity

= Contribution per year for the investrent in a gas
plant where i denotes the capacity

A = Rete of intere.t a
t = Hconoric life rf/gobar gas plant
By = Price of gas per ene cubje foot
P, = Price of dung Lyl per one kg
23 = Price of nitrogen per one kg
assumptions
(1) It is assumed that dung would be collscted from the required
mumber of animels and used in the gobar gas plant. No
additional expenditure is invalved comparsd to the existing
systern,
(2) The average quantity of gas produced per 1 cft of wet dung
is 1,3 cft. »
(3) The proportion of mammre to wet dung is assumed to be 40:73.
(4) The proportion of fuel to dung is assured to be 25:73,
(5) Manure obtained from the gobar gas plant will have
1.5 per cent nitrogen. '
(6) Manure in the existing aystem has.75 per cent
nitrogen.
Equations:
(1) Ni = K where Ni is the smallest integer z_K
PELE g g 1.3 X,
(2) L =Ki x 1.3 x 365
A 40
(3) IZL_NZI.XXJXSBSX.ZS
(4) EL =Plxch1_i-P2xhx121
(5) b :Psx.OlstJ.-P5x.OO75x(l—h)xMi
(8) RM =E + FH ~.INM

(7)

NPV =37 ﬁ[ t -~ I4



From KVIC the following data were cbtained:

Capacity of the Investment
plant in cfg Rse
60 1575
100 2075
150 2475
200 2850
250 3275

The recurring expenditure on a 100 ¢ft gobar gas plant was
Rs.50 per year for painting. This was assumed to be/same for plants /the
with varying capacities. s dung produced per animal was assumed to
10 kgs per day. The

Price

The 7 of gobar gas was Rs.,10 per 1000 cft and the price of fuel

was given as Rs.5.40 per quintal., The price of nitrogen was assumed to
be Rs.R per kg.

RESULTS Net Present Value

Wwith the help of IIMi GQomputsr (HP 2000 4), the PV)was worked
out for different slzes of gas plants assuming the sconomic life as 10
years and the effective rate of interest as 10 per cent.

The f ollowing cornditions were stipulated:

(1) The gas plant is used most inefficiently and gas obtained
1s lost and only enriched manurs 1s obtained,
and
(2) Only 50 per cent of gas capacity is utilised,/enriched
manure is also obtained.

(3) The gas capacity is utilized upto 100 per cent. Enriched
manure is also obtained,

The operation of a gas plant under these three comitions is
compared with the alternative uses of dung in the existing system,
These uses are stipulated as follows:

(1) 411 dung is used as mamre and no fuel is obtained.

(2) 50 per cent of dung is used as manure ard 50 per cent
as fuel.

(3) i1 dung is used as fuel and no sanure is obtained,



From the revemue obtained from the operation of a gas plant,
the revenue obtained from the alternztive use of dung in the existing
system is deducted to obtain the contribution towards the investrent

in a gas plant.

When this net reveme is discounted for the economic life of
the plant at the given rate of interest, the present value is obtained.
When the investment is deducted from the present value, the net present
value {NPV) is obtained. Ths NPV will indicate whsther the investment
is economically justifiable.

Results of Privats Cost Benefit Analysis

Table 1 gives the results.



Teble 1 : Not Present Valuc of Gobar Gas Flant

S —

No, of animals . ._.__ . S 8 12 6 R0 ___
~._ Capacities in
Condttim~_CEt 80 100 150 200 250

1. No gas, full utilization =960.55 =907.545 =570.205 =207.865 104.476
of dung as- manurs

2. No gas, 50% cow dung
used as fuel and 50% as
manure -1536,6 =1829,22 -1952,72 =~205L.R21 =2199,71

3, No gas,dung used as fuel -2112,64 -2750,89 =3335,23 ~3394.56 «4503,9

4. 50% gas utilization ard
dung usad as mainure in .
the existing system ~287.727 213.827 1111.85 2034.88 2907.9

5. 50% gas utilization and -863.774 ~707.848 ~270.661 191.529 603.718
80% dung usid as fuel .- b iooT .
50 as magure '

6. 50% gas utilization dang

7. Full gas utilization and . -
dung used as manure . 385.006 1335,2 2793.91 4277.62 5711.33

8. Full gaé utilization

50% dung used as fuel

50% s mamure -190.951 413.523 1411,4  2434,27 3407.15
9, Full gas utiliz.tion ' S

dung used as fule - 766,998 -508,152 28.8843 590.921 1102.96




) If there is no utilization of ges and if the value of enriched
menure has to meet the fuel cost of farmers' household upto the extent
of the value of fuel obtained from the dung utilized in the plant the
economics of the .plant shows that it is not a2 viable proposition for the
capacities of plants verying from 60 to 250 cft. There is a nset loss
varying from Rs. 2112.864 to Rs.4503.9 in the plents of 60 cft to 200 cft.

If farmers use dung as 50% fuel and 50% mamre, and if gobar gas
is not utilised, the vzlue of enriched manure has to cover the value &
50 per cent dung used as fusl and other S50 per cent used as manure.
Under- this situation nct lesses decrease for 1 types of plants, the
loss v.rying from Rs.1537 (60 cft) to Rs.2200 /250 cft).

When the farmers do not use dung for fuel in the existing system
and use it as monure, if the value of this menure only is to be covered
by the value of enriched mamire of the gobar gas plant, it is observed
that the plont with 250 cft capacity beccmes economical but 211 other
plents will incur losses varying from Rs.208 (200 e¢ft plant) to
Rs.981 (60 cft plant). This shows that there is economy of seale in
the gobar gas plants,

It is unrealistic, however, to assume no utiliaation of gas fram
& gas plant. V.ricus complaints have been received from the dxisting
gas plants mainly for low production and utilisation of gas and also
stoppage of gas formation during cértain pericds. Therefore, a condition
of 50 per cent gas utilisation was stipulated. This was.then comparcd
with the alternetive uses of cow dung in the existing system,

. 4gein, it is observed that the value of gas and the enriched
mamire does not cover the wvalue of fucl obtained from the alternative
use of dung., The losses vary from Rs.1440 (80 oft plant) to Rs.1700
(250 cft plant). .

If the alternative use of dung is 50% fuel and 50% memure, the
losses decline znd the plents of 200 and 250 cft cepacities become
profiteble givirg Rs,192 and Rs.603 as net profits respectively. But
other plants incur losses varying from Rs.271 (150 cft) to Rs.864 (80 cft).

If farmers use¢ dung as manure in the alternative use, the value
of ges arnd onriched manurc covers the value of manure in the existing
systam =nd mokes all types of plants profitabla except a 60 cft plant.
The profits vary from Rs.214 (100 cft) to Rs.2908 (250 cft).



If the operitionsl difficulti.z of tha ¢obor gas plant are over-
cuie through i ,rovexmnt in design and menagorent, it is possible to
achieve 100 per cent efficiency in r:s utilisation. If thils situation
is compared with the altornative ucus of dung in the existing systenm,
the pleturc 2b ut prcfit.bility of the gas plants changes. Even in the
situation where the velus of gas and enriched monure has to cover the
fucl cost of dung, -the plants over 150 ¢ft capacity become profitable,
the . rofits varvying from Re.29 (150 cft) to Rs.1103 (250 cft).

In the situcticn vhere the altsrnative use o dung is 50 per cent
fuel and 50 per cent mmmure, the plants of 100 cft cepacity and above
becoma ‘“I‘Oflt«.‘b.l.u, the profits varying from Rs.413 (100 eft) to Rs.5711
(250 cft).

In the situation where the citernative use of dung is monure only,
plants of aven 80 cft bucome profitable, prof:l.ts varying from Rs.385
(60 eft) tc Rs.5711 (250 cft).

Social Cost=Benefit Anelysis

So far ths analysis was done from the point of vidw of private
firms, The investment in gobar gas plant can be viewed from the social
angle. In socizl cost benefit analysis the important variables which we

ave to consider are (a) the materiels used in investments and their

scei, costs, (b) the shadow price of gas obtainey from the gas plant,

(c )y 8210w price of fuel obt d from dung, (d) ow price of nitrogen
obtalned fron memre, and (e $itercst rate representing the social cost.

Investment

The broak-up of investzent fcr 5m5 gas plant. .{s as follows:

Gas Holder and frame o Rs. .701
Piping ~nd Stopcs Rs:. 260
Civil ccrmstruction : .Rs,1576

‘ Total Rs .2537

In civil construction the matzrizl and labour costs are not
separately given. We can assume 2 ritio of 60:40. Thus the labour
component would cost Rs.630.4. The sscial cost of meterials could be
assumed as the /as the privote cost of materials. So far as the cost

same
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of labour is concerned it could be assumed to cost less than the private
ccst if most of the labour used is family labour which may be costed at
the maintenance rate rather than the going hire charges. However, asa
substantizal portion of this lab.ur wiuld be skilled labour, one can
assune that the social cost of labour would be the same as the private
cost of labcur. Thus the sociel costs of investmonts in gobar gas plant
would be more or less the same as the privats costs of investment. In
working out the s ocial cost-benefit analysis the figures of investments
are taken as the samé as in the private cost-benefit anelysis.

Shadow price of gas

In the priv.te cost benefit analysis, the yrice of ges wAs assumed
as Rs.10 per 1000 cft. Instead of this gobar gas can be priced in swch a
way that the value obtained from gas would equate the valus of fuel
obtained from the equivalent quantity of dung which is processed through
the gas plant.

Shadow price of fuel

The shadaw price of fuel obtained from dung should be calculated
on the basis of the price of alternative source of thermal power which
could replace dung fuel., These sources are (a) wood, (b) coal, and
(¢c) kerosens. 4s all these sources are in short supply the best way to
price dung fucl is the market price at which it is sold.

Shadow pricc of nitrogen

In view of the oil crisis there is a likelihood of prices of
fertilisers going up. &t present the farm gate price of nitrogen is .
Rs.2 per kilo grom., The nitrogen obteined from manure should be evalmted
at lsast at the farm gate price of fertilisers., In case the manure is
to be transported to the farms wherc it is not produced the cost of
transport will have to be added to the farm gate price of nitrogen.”

Intercst rate reoresenting the sociol cost

Looking to the overall shortage of capital and non-availability
of credit from internel sources, = rate «f 10 per cent seems to be quite
reasonable.



The Model for Soecial Gpst-henefit snelysis

The model woull be morc or less the same as that of Tivate
cost benefit analysis with the follewing modifications:

. BL = xLli-chxL‘?.ithlLli=P2121

Fi=E‘3 .OleMi'P3 J0075x (1=h)xMi

Py
"Ri =Fi +Fp- DL

4s we had analysed the model for privota cogst-benefit analysis under 9
different conditions, we can stipjulate thef ollowing conditions for social
cost-bensfit nnalysis: "

(1) If 211 dung is used as fuel in the existing system the
contributicn from the gas plant would be as follows:

Ei =P1X{L1-P2x12 =0

Fi =P5x.015x1vﬂ.
R =El +H - DM
=_'P5'I 5015Mi -m

(2)  when cow dung is used as 50% fuel and 50% manure in the
existing system the contribution would be as follows:

o e H:sz-.5P2m=.DP2LZ

M =P5x.0151\'ﬁ.=.5P5x.OO75Mi

R =Ei +HM - Di

= .52, L2 + 1.5 P, x .0075 ML = Di

3

(3) when nll dung is used as mamure in the existing systenm the
contribution of gas plant would be as follows:

Ed.:PlLl-P212
Fi:Psx.OJSMi-Psx.OWSMi
R =B +M -

=P2L2 +P3x.0075Mi.-Di
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Applying the values of P;, ;?3 and D4 and If as the same as

in private cost benefit amalysis, .the net present values
obtained were as given in table 2,

From the social cost-benefit amalysis investments in gobar gas
plants seer to be more orofitable than the private cost-benefit analysis.
In the situation, when all dung is used a$ fuel in the existing system,
the inmvestments in gas plants are profitable- for all capacities except
the plants with 60 cft capacity. .The net profits vary from Rs,567 in
100 eft to Rs.3791 in 25C cft gas plant,

In the situation where 507 of dung is used as fuel and 507 as
manure, investments in gas plants of all sizes are profitable, The net
profit varies from Rs,537 in 60 cft to Rs.6095 in 250 cft gas plant,

In the third situation when all cow dung is used as fuel invest-
ments in gas plant appear to be rmuch more profitable from the social
point of view. The profits vary from Rs.1130 in 60 cft plant to as high
as Rs,8400 in 250 eft plant,

In the social cost=benefit analysis we had assumed 1007 efficiency
of gas utilisation, Because of operational difficulties 1f only 50%
of zas is utilised and if this gas is priced as it was done in case of
table 2, the net present values of investments for different types of
gas plants would be as shown in table 3,

Under the situation when dung is used as fuel in the existing
system investrments in gas plants are not profitable and losses vary from
Ps,356 in 250 cft to Rs,1076 in 60 cft gas plant,

In the situation where dung is useci as 507 fuel and 507 manure
investments in gas plants of 150 cft and above capacities are profitable.
The profits vary from Rs.536 in 150 cft to Rs.1948 in 250 cft gas plant,

In the situation where dung is used as manure only imnvestments
in gas plants seem to be profitable for all capacities, the profits vary-
ing from Rs .76 in 6C cft to Rs.4252 in 250 cft gas plant,

If the gas plants are operated inefficiently and no gas is
utilised imvestments in gas plants seem to be unprofitable in all the
three situations of the utilization of dung in the existing system except
in a gas plant of 250 cft canacity and in the situation when all dung is
used as menure. The data of net present values are given in table 4,
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Gonclusions

1. The data of both rivate anl social cost-benefit analysis show
that unless the contribution from the production of gas is adéded to
the contributi n from the enriched menurc the yz2s plants do not become
profitenle.

Re The larzge sized plants, particulerly the plants of 250 cft
capacity, arc more economic/than the smaller sized _.lants.

3. The investments in gas plints are more profitable from the social
point of view than from the private point of view,

4, The limitntions of the gas  lents arc as follows:

(1) 4s the lerge sized plants are more eeonomical, it
woull be desirable to oper .te laerge sized plants.
This operation required collection of gobar from
sizeable mumber of animals. This would require a
kind of collective action rxther than setting up
the plant on individual ownership basis.-

(2) As mamire is bulky material it e an supply nutrient
elements only to the areas around the gas plant.
For excmple, if nitrogen requirements of 10,000
acres (10 kg per acre) are to be met, we would
nead about 166 plants of 250 cft caacity and a
population of about 3320 animals. It my be
possible to have 2 bigger size plant of say
3000 cft. Then the nuwiber of lnnts would reuuce
but the management of operating these plonts would
become quits complox. To supply fertilisers to aIl
farmers in the village on ~n equitable besis, it
would be desirable to have l-rger size [lants and
manage properly than to have smaller plants on
individual ownership. The laticr would create
the problems of income distribution also,
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Table 2: Net Present Value ot 100% utilization of gas

Capacity 60 100 150 200 250

1, A1l dung
used as
fuel - =38;83743 587,136 1641.32 2741.5 3791,18

2. 50% dung used
as fuel ond ) -
50% as manure 537,172 1488.81 & - 3024.33 4584.85 6095.37

3, 11 dung used Lo
as monurc 1113,22 2410.49 4406.84 5428.2 8399.55

Toble 3: Net prasent valuc ot 50% utilisation of Gas

Capacity 80 100 150 200 250
1. 411 dung

used as

fuel -1075.78 ~1091.83 =846,707 -576.53¢ 356,361

2., 50% cung used
2s fuel and

507 ~s manure -499,712 -170.204 535,806 1266,.82  1947.83
3. 411 dung used
AS monure 76.3347 751,471 1918.32 3110.17 4252.01

Table 4: Net Sresent Valuc at Gobar Gos Plant used
for producing manure only

Capacity 210] 100 150 200 250
1. 411 dung

used as

fuel =2112.64 =2750,3% -2335,22 -3804.56 -4503.9

2. SCﬂrdung uscd

as~fucl and

50% os manure =1538.6 =1829.22 -1952.72 «2051,21 =2199.71
3. 411 dung used

as manurs -960.,55 ~907.545 -570.205 -207.8685 104,476




Exhibit 1: Nurber of Gas Plants and snount Disbursed per Flant

Year Jo. of Disburscenent in Total Average
Plants Rg. (1akhs ) per plant
Grant Loan
1962-83 315 0.87 1.27 2.14 B879.3%
1963-61¢ 203 1.21 1.79 3.00 1477.8
1964-65 230 0.75 1,10 1.85 804.5%
1965-66 204 2,03 2.96 4,99 2169.5
1966-67 313 1.58 3.38 4.96 1584.6
1967-68 438 3.94 5.64 9,58 2197.2
1968-89 664 S,41 15.45 20.86 3326.2
1969-70 720 6.13 29.93 36,06 5008.3 -
1970=71 811 9.76 29.92 39,68 4892.7
1871-72 1041 7.27 32,32 39,59 3803.0
1972-73 1065 9,17 31,20 40,37 3790.8
Totel -5665 ZE:IE Zg;:QS 203.08 3383.5

e —

* The average imvestment is much less than the cost
of the smallest sized gas plant.

Source: Directorate of Gobar Gas Scheme, Khadl and Village
Industries Comrission, Gobar Gas on the March.




