
Energy Use in Rural India 

It is surpisingly high, but an increase in energy 
supplies and more efficient utilization are needed. 

Roger Revelle 

The economic chasm that divides the 
world also separates two vastly different 
levels and kinds of energy use. More 
than five-sixths of all the energy obtained 
from fossil fuels and hydroelectric and 
nuclear power is used by the billion in- 
habitants of the rich countries and less 
than one-sixth by the 3 billion people of 
the poor countries (1, 2). The reverse is 
true of the traditional sources of ener- 
gy-human and animal labor, firewood, 
crop residues, and animal wastes-that 
were predominant throughout history ev- 
erywhere until the last two centuries. 
The total quantities of energy from these 
sources used in the poor countries today 
are probably about equal to their con- 
sumption of fossil fuels, and greatly ex- 
ceed the uses in the rich countries. 

International statistics on energy use 
are usually based only on consumption 
of "commercial" energy and hence seri- 
ously underestimate total energy con- 
sumption in poor countries. In India, for 
example, energy use per capita is gener- 
ally given the U.N. coal equivalent (3) of 
150 to 190 kg (1, 2), whereas, as we shall 
see, total energy use from all sources is 
close to 490 kg. In the rural areas of poor 
countries, energy provided by the people 
themselves is five to ten times that ob- 
tained from commercial sources. Never- 
theless, usable energy is in very short 
supply, and the needs both for a large 
increase in supply and for conservation 
through more efficient utilization are 
great. 

From an energy standpoint, rural India 
can be thought of as a partially closed 
ecosystem in which energy derived by 
people and animals from the photosyn- 
thetic products of plants is used to grow 
and prepare human food, which in turn 
provides an essential energy input to 
grow more food, and so on in an endless 
cycle. The ecosystem is being disrupted 
by rapid population growth. 
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Cambridge, Massachusetts 02138 and professor of 
science and public policy at the University of Califor- 
nia, San Diego, La Jolla 92093. 

4 JUNE 1976 

Estimation of Human Energy 

Several different methods have been 
employed to compute the human and 
animal energy used in work. 

Pimentel et al. (4) take the total food 
energy input of a full-time farm worker 
(working 40 hours per week) as a mea- 
sure of the energy utilized in farm labor. 
For example, they show that 9 hours of 
labor per acre are used in U.S. corn 
production, and they calculate the ener- 
gy input as 9/40 multiplied by the 
energy in 1 week's food consumption 
(assumed to be 21,770 kcal), or 4900 
kcal per acre. 

Makhijani and Poole (5) use the energy 
in the food intake of all persons in a 
farming village as the gross energy input 
for human labor. They give a hypotheti- 
cal example of a village of 1000 
people consuming on the average 2000 
kcal per day per capita in food, with a 
gross energy input of 7.3 x 108 kcal per 
year or 0.73 x 106 kcal per person. The 
annual work output per capita from 
persons more than 15 years of age, taken 
as half the total population of the village, 
is assumed to be 0.045 x 106 kcal, giving 
an "energetic efficiency" of 3 percent for 
all human beings in the village. 

Passmore and Durnin (6) and White et 
al. (7) estimate the metabolic energy 
used in different work activities from 
measurements of oxygen consumed or 
carbon dioxide exhaled. East African 
women, obtaining water for household 
use by walking to a well or water hole 
and carrying the water home in jars on 
their heads, expend on the average 240 
kcal each day and take 46 minutes for the 
task (7). In unmechanized agriculture in 
Hungary, Russia, Italy, Germany, and 
Gambia, 19 groups of men, with a mean 
weight of about 65 kg, expended on the 
average 6.0 kcal per minute in a variety 
of agricultural tasks. Fourteen groups of 
women in Russia, Italy, Gambia, and 
Nigeria, with a mean weight of about 55 
kg, expended on the average about 4.7 
kcal per minute (6). 

The average daily or weekly energy 
expenditures in most working activities 
are less than the measured values for 
particular tasks. A British miner, work- 
ing a 44-hour week, was observed to 
expend an average of 269 kcal per hour 
during working hours, or 4.5 kcal per 
minute, even though the average energy 
expenditure for different mining tasks is 
6.7 kcal per minute (6). Approximately 
one-third of his working time was spent 
in rest. Even so, the weekly energy ex- 
penditure of this miner during working 
hours was nearly 45 percent of his total 
food energy intake for the week. 

The different methods of estimating 
energy expenditure are compared in 
Table I in terms of an average Indian 
rural worker (50 percent of the rural 
population), who is assumed to work 
1800 hours per year. Obviously the meth- 
od of Passmore and Durnin (6) and White 
et al. (7) gives the lowest values for 
yearly energy in work by human beings, 
particularly for a rural population, such 
as India's, in which there is considerable 
underemployment. This method is used 
in Table 2 to estimate energy ex- 
penditures for human labor in rural In- 
dia. 

From Table 2 we see that somewhat 
more than half of the estimated 500 bil- 
lion hours per year of human labor are 
spent directly in agriculture. Cooking, 
obtaining water, collecting fuel, and oth- 
er domestic activities take up nearly 200 
billion hours, or 39.5 percent of the total 
hours worked, and all other occupations 
take up slightly more than 9 percent. 
Human energy expended in agricultural 
work is estimated to be 55 percent of the 
annual total of 1.08 x 1014 kcal (120 bil- 
lion kwh) expended in all labor. 

Approximately a third of the food ener- 
gy consumed by the rural population (8) 
is used in work (Table 3). If our figures 
are correct, women and girls work hard- 
er than men and boys, in terms of the 
proportion of food energy expended in 
labor. Women 15 or more years old use 
44 percent of their energy intake in labor, 
while males in this age group use 38 
percent. It would appear that adult wom- 
en work about as hard as the British coal 
miner described above (6). 

The estimate of the total number of 
hours worked in agriculture computed 
from Table 2 is in fair agreement with 
observations in a World Bank study of 
cereal production in Bangladesh (9). The 
number of man-days of labor ranged 
from 125 per hectare in wheat production 
to 150 per hectare in broadcast aus and 
aman (monsoon) rice, 175 days in trans- 
planted aus and mixed aus and aman, 
and 218 days in boro (winter) rice. Since 
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about 80 percent of the 163 million gross 
sown hectares in India is planted to food 
grains (cereals and pulses), of which 
about 30 percent is in rice, 15 percent in 
wheat, and 35 percent in other cereals 
and in pulses (10), it can be assumed that 
the World Bank figures apply fairly well 
to Indian agriculture. Taking a rough 
average of 150 man-days per hectare, and 
assuming an average working day of 10 
hours, a total of 245 billion hours of labor 
would be spent directly in agriculture. 
The total from Table 2 is 255 billion. 

Animal Energy 

It is less easy to determine the proper 
way to account for energy expended in 
bullock work, and the underlying data 
are less adequate. If a bullock can be 
thought of as a kind of working machine, 
then the energy in its "manufacture" 
might be included in the accounting- 
that is, the net energy input (feed energy 
minus energy in dung) of the entire cattle 
population, less the energy in milk and 
other products. Alternatively, the energy 
consumed annually in feed by the bull- 
ock itself, minus the energy in its dung, 
divided by the number of hours worked, 
could be taken as its gross energy ex- 
penditure per working hour. I have used 
a third method, which gives smaller val- 
ues, assuming that a fully employed bull- 
ock, like a human manual worker, utiliz- 
es about 43 percent of the energy it con- 
sumes in work. 

The first method is essentially that 
used by Odend'hal (11) for the cattle 
population of a village in West Bengal 
(12). Subtracting the energy in dung and 
milk produced by this population of 3770 
animals from the energy in feed con- 
sumed, and dividing by 1079, the number 
of working bullocks, gives an annual en- 
ergy input per bullock of 14.5 x 106 kcal, 
or dividing by 1200 hours of work per 
year, 12.1 x 10: kcal per hour of work. 
This number should be reduced because 
not all the male calves produced in the 
herd are retained by the villagers, and 
the gross energy expenditure in the 
herd's milk production (probably be- 
tween five and ten times the energy in 
the milk) has not been considered. The 
energy in milk was 1.83 x 108 kcal per 
year, and if the gross energy expenditure 
in milk production was 1.83 x 109 kcal 
per year, the gross energy input per bull- 
ock hour worked was less than 
10.9 x 10:3 kcal. 

With Odend'hal's data, the second 
method gives 5.3 x 10:3 kcal per hour, 
and the third 2.3 x 10: kcal per hour, 
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Table 1. Comparison of methods of measuring 
human energy expenditures in agriculture. 

Energy 
per worker 
(kcal/hour) 

Method Gross Use- 
input ful 

(expen- out- 
diture) put 

Pimentel et al. (4) 580* 
Makhijani and Poole (5) 870* 25 
Passmore and Durnin (6) 250t 

*The energy in weekly food intake is 20,200 kcal per 
adult male and 15,050 kcal per person for the entire 
population (see Table 3). tThe average energy 
expenditure during work is assumed to be 70 percent 
of the energy used in specific agricultural tasks. 

compared with an output of useful work 
of 0.43 x 103 kcal per hour (11, 12), cor- 
responding for the third method to an 
"energetic efficiency" of about 19 per- 
cent. The 1971 population of bullocks in 
India was 70.4 million (13), and I have 
assumed that 83 percent of the work 
done by bullocks was carried out in rural 
areas (14). Thus, if the average bullock 
worked 1200 hours per year, the total 
energy expenditure in bullock work in 
1971 was 1.61 x 1014 kcal, or 179 billion 
kwh. 

Part of the bullock work in rural areas 
was used in plowing, cultivating, and 
harvesting farm fields, part in lifting wa- 
ter for irrigation, and the remainder for 
transportation. In Bangladesh the ob- 
served number of bullock days per hect- 
are ranged from 30 for wheat to 49 for 
transplanted aman rice and 74 for boro 
rice (9). Taking an average of 40 days per 
hectare and 8 hours per day, the bullock 
working time on India's 163 million gross 
cultivated hectares is 52 billion hours, or 
75 percent of the total work time in rural 
areas. Bullock power was also used to 
lift 4 to 6 million hectare meters of irriga- 
tion water in approximately 4 million 
"Persian wheels" and other unmotor- 
ized wells (10). A pair of bullocks is able 
to lift 1 hectare meter in 600 hours (15). 
The bullock time in lifting water was 
between 4.8 and 7.2 billion hours, 7 to 10 
percent of the total working time in rural 
areas, and the proportion of the work of 
rural bullocks used directly in agriculture 
was 82 to 85 percent, corresponding to 
about 1.35 x 10T4 kcal per year (I6,17). 

Locally Produced Fuels 

India is one of the few countries where 
a systematic attempt has been made to 
determine the extent of use of "non- 
commercial" fuels. Sample surveys in 
villages and towns were conducted by 

the Energy Survey of India Committee in 
the early 1960's. The committee reported 
that about 120 million metric tons of 
wood, 50 million tons of dried dung, and 
30 million tons of "vegetable waste" 
were burned each year, largely in the 
villages but also in urban areas (18). Lat- 
er authors have given somewhat higher 
estimates. 

For example, Henderson (14) esti- 
mates that 126 million tons of firewood 
was consumed in 1970-1971, of which 83 
percent (0.24 ton per person) was burned 
in rural areas, and Datta (19) gives a total 
of 142 million tons for both rural and 
urban areas. With an energy content for 
firewood of 4.4 x 106 kcal per metric ton 
(20), Henderson's estimate corresponds 
to a total of 4.60 x 10"1 kcal (515 billion 
kwh) of energy supplied annually by 
burning firewood in rural areas. This is the 
energy contained in 61.3 million U.N. 
equivalent tons of coal (139 kg per capita). 

In northern India and Nepal, where 
the winters are cold, per capita consump- 
tion of firewood may be much higher 
than these figures indicate. Makhijani 
and Poole (5) estimate that 1 to 1.5 tons 
of firewood per person per year is used 
even in such warm regions as Nigeria 
and Tanzania. 

Many workers have attempted to esti- 
mate the quantity of dung produced by 
livestock in India and the proportion 
used as fuel. Briscoe (21) and Odend'hal 
(11) summarize recent estimates, which 
range from 1.4 to 3.5 kg of dry dung per 
head per day, of which 22 to 75 percent is 
estimated by different authors to be used 
as fuel. The combined estimates corre- 
spond to a range of 120 to 310 million 
tons per year of dry dung produced by 
the Indian cattle population of 247 mil- 
lion in 1970-1971 (13), and 48 to 97 mil- 
lion tons for the quantity used as fuel. I 
shall accept Henderson's estimate (14) of 
68 million tons used as fuel, of which 83 
percent was burned in rural areas. Tak- 
ing the energy content of dried cow dung 
as 3.3 x 106 kcal per ton (22) gives a to- 
tal of 1.86 x l014 kcal (207 billion kwh) 
for 56 million tons of dried dung burned 
in rural areas, corresponding to 24.8 mil- 
lion U.N. equivalent tons of coal, or 
56 kg per capita. 

Briscoe (21) concludes from data given 
by several other workers that crop resi- 
dues from wheat and rice in the Indian 
subcontinent amount to about 1570 kg 
per hectare annually. Makhijani and 
Poole (5) give the ratios of straw and 
chaff to grain from indigenous rice vari- 
eties, wheat, and sorghum (called bajra 
in India) as 2.9, 1.75, and 0.85, respec- 
tively. The total Indian food grain pro- 
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duction in 1971-1972 was about 105 mil- 
lion tons (23), of which approximately 42 
percent was rice, 23 percent wheat, and 
35 percent other cereals and pulses. Us- 
ing Makhijani and Poole's ratios, we con- 
clude that the total quantity of straw and 
chaff residues from food grain produc- 
tion was around 200 million tons, grown 
on 130 million gross sown hectares, or 
1540 kg per hectare, close to Briscoe's 
figures. Most of these residues were eat- 
en by livestock (providing somewhat less 
than half of their food energy) but prob- 
ably about a fifth (39 million tons) was 
used as fuel (14), of which 83 percent 
was consumed in rural areas. Datta (19) 
gives a smaller estimate of 34.2 million 
tons for 1968-1969 and the National 
Sample Survey in 1963-1964 (24) in- 
dicated a still lower household use. Ac- 

cepting the figure of 39 million tons and 
assuming that the energy content of 
straw and other crop residues is the same 
as that of dried cow dung (3.3 x 106 kcal 
per ton), the total energy obtained in 
rural areas is 1.07 x 1014 kcal (120 billion 
kwh), corresponding to 14.3 million 
U.N. equivalent tons of coal, or 32 kg 
per capita. 

In terms of U.N. coal equivalents, the 
energy derived from burning wood, cow 
dung, and crop residues adds up to 227 
kg per capita per year, or a total for rural 
India of 100 million tons, with an energy 
content of 7.53 x 1014 kcal. In Table 4, I 
have allocated 90 percent of this energy 
to cooking and space heating and 10 
percent to other uses, including pottery 
and brickmaking, metalworking and 
blacksmithing, and sugar making. 

"Commercial" Energy Sources 

In recent years Indian farmers have 
used around 2 million tons of nitrogen in 
chemical fertilizers annually (23). About 
1.55 tons of naphtha and other light pe- 
troleum fractions is used as a feedstock 
and as a source of energy in manufactur- 
ing a ton of nitrogen in fertilizer in India 
(about the same weight of natural gas is 
used in most imported fertilizers), with 
an energy content of 11.4 x 106 kcal per 
ton (17). Hence the weight of fossil fuels 
used in manufacturing 2 million tons of 
nitrogen in fertilizer is 3.1 million tons, 
with an energy content of 0.35 x 1014 
kcal, corresponding to 4.7 million U.N. 
equivalent tons of coal or 11 kg per cap- 
ita per year. 

About 16.1 million tons of petroleum 

Table 2. Energy expended in human labor in rural India. The energy per hour expended in work (columns 6 and 7) is estimated from data given for 
various tasks by Passmore and Durnin (6), multiplied by 0.7 to account for the fact that humans in India have smaller body sizes than the workers 
described by Passmore and Durnin and for observed differences between energy expended per hour while working and energy required for specif- 
ic work tasks. 

Number of Estimated hours Energy per Total energy ex- 

Occupation workers (106) worked per year hour (kcal) pended inwor Occupation_______ __________________ ________________ (1012 kcal/year) 

Male Female Male Female Male Female Male Female Total 

Cultivators* 74.9 4.0 1800t 1000I 250 200 33.7 0.8 34.5 
Agricultural laborers* 26.4 21.0 1 000 250 200 6.6 4.2 10.8 
Unpaid family workers 

in cultivation? 40.9 5.0 155011 100011 200 200 12.7 1.0 13.7 
Total directly in agriculture 142.2 30.0 53.0 6.0 59.0 

Domestic activitiesl? 109.4 1800# 200 39.4 39.4 
All other occupations** 

Livestock and poultry 1.5 2000 250 0.8 0.8 
Fishing 0.5 1500 300 0.2 0.2 
Forest products 0.3 2000 300 0.2 0.2 
Mining and quarrying 0.4 2000 300 0.2 0.2 
Transport and storage 1.3 1500 200 0.4 0.4 
Construction 1.5 1.0 1000 1000 250 250 0.4 0.3 0.7 
Trade and commerce 3.0 2000 150 0.9 0.9 
Other services 7.2 3.0 1500 1000 150 200 1.6 0.6 2.2 
Carpentry, wood and 

straw manufacture 1.8 2000 200 0.7 0.7 
Leather industry 0.9 2000 200 0.4 0.4 
Metalwork and blacksmithing 1.0 2000 250 0.5 0.5 
Pottery and brickmaking 0.7 2000 250 0.4 0.4 
Food preparation and milling 0.7 0.8 1500 1500 200 200 0.2 0.2 0.4 
Textiles 1.6 1.0 2000 2000 200 150 0.6 0.3 0.9 
Miscellaneous 0.5 0.2 2000 2000 200 150 0.2 0.1 0.3 

Total, all other occupations 22.9 6.0 7.7 1.5 9.2 
Grand total 165.1 145.4 60.7 46.9 107.6 

*According to the 1971 census of India (36) the total rural population was 439 million (228 million males and 211 million females), of whom 151 million were in the (employed or self-employed) labor force-120 million males and 31 million females. Within this labor force there were 76.8 million cultivators (farmers owning or renting farmland), 45.3 million landless agricultural laborers, and 28.9 million workers in other occupations. In addition, 2.1 million cultivators and an equal number of agricultural laborers lived in urban areas. About 95 percent of the cultivator households were headed by males and 5 percent by females. Most adult females in the families of agricultural laborers work whenever they can find employment, and hence I have assumed that the number of female agricultural laborers was about 80 percent of the number of males. tlt is assumed that male and female cultivators work 180 10-hour days and 125 8-hour days, respectively, per year. tLandless agricultural laborers suffer from severe underemployment. They are employed mainly during peak periods of labor demand in crop production, such as seedbed preparation, rice transplantation, and harvesting. I have assumed that both males and females are able to find about 100 days of employment per year ?According to the 1961 census of India (37) the average household engaged in cultivation, with or without other occupations, had 2.36 family workers, including the head of the household. I have assumed that a large proportion of these were unpaid family agricultural workers, including all males 10 to 14 years of age and 15 million males 15 years or older in cultivator households. Malts 10 to 14 years of age in other households are also counted as unpaid family agricultural workers, together with 5 million females. lNearly a third of unpaid male frmily workers are assumed to be 10- to 14-year-old children of landless laborers helping their parents; hence the number of hours worked by the average unpaid family worker is less than that for cultivators. ?All females 10 years of age or older not in the labor force or in the category of unpaid family workers are assumed to be e igaged in domestic activities. #Domestic activities must take place every day in the year and may require about 5 hours a day per domestic worker. For example, East African women take 46 minutes each day in fetching water and expend on the average 240 kcal (7), and these numbers probably apply in India. Collecting ̂ wood, straw, and dung for fuel may take several times as much time and energy, perhaps 2 hours a day and 600 kcal I estimate that procuring and preparing food, cooking, washing, carrying cooked food to farm workers, and other household tasks take at least an additional 2 hours a day per worker. **The proportions of workers in occupations other than farming are estimated from the proportions in major occupational categories in the state of Haryana in 1971 and in industry in all of rural India in 1961 (36, 37). 
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Table 3. Food energy intake and estimated expenditure in work for males and females of dif- 
ferent age groups living in rural India, 1971. The values in column 4 are from Table 2. 

Number of 
people (106) 

(36) 

Energy per capita (106 kcal/year) 

Food intake Expended in 
(8) work 

Energy intake 
expended in 

work (%) 

0 to 9 133.3 0.55 
10 to 14 

Males 25.9 0.91 0.32 35 
Females 23.3 0.85 0.36 42 

15 and older 
Males 135.0 1.03 0.39 38 
Females 122.1 0.73 0.32 44 

Total 439.6 

Averages 0.78 0.24 31 

products were used as fuel in India in 
1970-1971 (14). Farm usage, mainly as 
diesel fuel to pump water for irrigation 
and to a small extent for tractors, was 4.6 
percent of this amount or 0.74 million 
tons, and household usage, mainly kero- 
sene for lighting, was 28.3 percent or 
4.56 million tons. Assuming that per cap- 
ita household usage was the same in the 
country as in the city, rural households 
used 80 percent of 4.56 million tons, or 
3.65 million tons, and total rural use on 
farms and in households was 4.39 million 
tons of petroleum products, with an ener- 
gy content of 0.50 x 1014 kcal (56 billion 
kwh), corresponding to 15 U.N. equiva- 
lent kilograms of coal per capita. In addi- 
tion, a considerable quantity of petro- 
leum products was used as fuel for 
trucks and other vehicles, in part for 
transportation of farm products and ferti- 
lizers and other agricultural inputs be- 
tween rural and urban areas, but I have 
not tried to account for this. 

Henderson (14) estimates that 4.1 tons 
of soft coke made from coal was used in 
households in 1970-1971. Consumption 
per capita was probably at least twice as 
high in cities as in rural areas. Average 
per capita coke consumption in rural 
areas was then 6.2 kg per year. If the 
energy content of this coke was the same 
as that of Indian coal (5.2 x 10" kcal per 
ton) the total energy in coke used in rural 
areas was 0.14 x 1014 kcal, or a U.N. 
coal equivalent per capita of 4 kg per 
year. 

In 1970-1971, 9.2 percent of 48.6 bil- 
lion kwh of electricity consumed in India 
was used in agriculture, mainly for irriga- 
tion, or 4.5 billion kwh (0.04 x 1014 kcal). 
In addition, 3.8 billion kwh was used in 
households. Villages containing 36 per- 
cent of the rural population (160 million 
people) were electrified. Except for irri- 
gation, per capita consumption of elec- 
tricity is lower in rural than in urban 
areas, but since the urban population 
was only 110 million people we may 
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assume that half of the household use 
occurred in rural villages, or 1.9 billion 
kwh (0.02 x 1014 kcal). With this assump- 
tion, the average per capita consumption 
of electricity for all purposes in rural 
areas was 0.04 kwh per day (14). 

Hydroelectric power accounted for 45 
percent of electricity generated in India 
in 1970-1971 and thermal power (includ- 
ing nuclear) accounted for 55 percent 
(14). Applying this ratio to electricity 
consumption in rural areas, we obtain 
2.9 and 3.5 billion kwh for the total hy- 
droelectric and thermal energy con- 
sumed. Indian thermal generating plants 
have an average efficiency of 22 percent 
for conversion of heat energy to electric- 
ity (14). Subtracting transmission losses 
and electricity used in power generation, 
the net electricity consumption is 83 per- 
cent of electricity generated. Hence 1 
ton of Indian coal with an energy content 
of 5.2 x 106 kcal is burned to generate 
1000 kwh of electricity consumed (22). If 
coal were used exclusively, the coal re- 
quired for 3.5 billion kwh electrical 
would be 3.5 million tons (actually a 
considerable fraction of total electricity 
is generated from heavy fuel oil). The 
U.N. coal equivalent at 18 percent con- 
sumptive efficiency is 1500 kwh per ton 
of coal. Hence the U.N. coal equivalent 
per capita of thermal electricity con- 
sumed in rural areas was 5 kg. Taking the 
consumptive efficiency of hydroelectric 
power as 70 percent, the U.N. coal 
equivalent for hydroelectric energy is 2 
kg per capita. 

In terms of U.N. coal equivalents, the 
commercial energy use per capita in rur- 
al India in 1971 was 37 kg, and the total 
for the rural population was 16.3 million 
tons, with an energy content of 
1.20 x 1014 kcal. In Table 4, I estimate 
that 12 percent of this commercial ener- 
gy was used for cooking and space heat- 
ing (soft coke), 40 percent for lighting 
(mainly kerosene and a small quantity of 
electricity), and 48 percent for agricul- 

ture (petroleum products used in manu- 
facturing nitrogen fertilizer, and electric- 
ity and diesel fuel). 

Fuel Efficiency in Cooking 

The total energy from local and com- 
mercial fuels used in cooking and space 
heating was 6.9 x 1014 kcal, or 1.57 x 106 
kcal per capita per year, approximately 
twice the energy in food eaten. If space 
heating can be neglected, the energy use 
in cooking per calorie of food energy 
consumed was higher than the estimated 
U.S. energy use per food calorie for 
cooking and home refrigeration combined 
(25). 

Two experiments with rice cooking 
showed that the energy required to bring 
the cooking water to boiling and to boil 
away the requisite quantity of water is 
about 600 kcal/kg, or 17.5 percent of the 
food energy content of rice. Assuming 
that other food grains behave in a similar 
fashion, and that 75 percent of the ener- 
gy from fuels used in cooking and space 
heating went into cooking food grains, 
the efficiency of fuel use was less than 9 
percent. This may be compared with an 
energy efficiency of 30 to 60 percent in 
cooking on a modern gas stove (without 
pilot lights) in the United States (5). 

The large-scale burning of firewood as 
a source of energy for cooking and space 
heating has serious implications. Until re- 
cent years, forests had completely dis- 
appeared from most of China, because 
the trees had been cut down for fuel. It is 
likely that a similar process is now occur- 
ring in much of India. The total forested 
area is about 75 million hectares, of 
which 80 percent is actually or poten- 
tially usable. According to Prasad et al. 
(26), forest areas contain 50 tons of wood 
per hectare. Thus the present re- 
serves, if all were used for firewood, are 
7.5 x 107 x 0.8 x 50 = 3 x 10"tons, or 
enough to last for 24 years at present an- 
nual rates of consumption, without tak- 
ing into account new growth. Two other 
serious problems are the very uneven dis- 
tribution of the forests, with 50 percent 
of the forested area in four states (Mad- 
hya Pradesh, Orissa, Andhra Pradesh, 
and Maharashtra) that have less than 20 
percent of the population, and deforesta- 
tion of mountainous regions. These are 
the watersheds for the great rivers that 
flow through the plains. With the growth 
of human populations, the forests are 
being cut down faster than they can 
grow, partly to make room for new farm- 
lands, and partly for use as fuel. As a 
consequence, the upland areas are sub- 
jected to destructive erosion, while the 
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resulting sediments cause rapid filling of 
reservoirs and destructive floods in the 
downstream areas (10). Small, run-of- 
the-river hydroelectric generators (27) 
might provide a substitute source of ener- 
gy for the mountain and hill peoples and 
thereby help to conserve the forests. 

Intensive reforestation programs will 
be necessary if India's forests are not to 
disappear. Actually, reforestation could 
considerably increase present energy 
supplies. Parikh (22) estimates potential 
annual production in forest plantations at 
12.5 metric tons per hectare. Thus, the 
potential annual production under in- 
tensive reforestation could be 7.2 x 108 
tons, about six times the present annual 
consumption of firewood. 

In the short term, improved stoves and 
other means for increasing the efficiency 
of fuels used for cooking and for heating 
water would appear to be the most prom- 
ising energy conservation measures. 

Comparison of the United States 

and Rural India 

In Table 4, the quantities and uses of 
energy from different sources are summa- 
rized. Energy utilized per person in 1971 
was 7.1 x 103 kcal per day, 3.3 times 
the energy in food consumed [estimated 
as 2.15 x 10;3 kcal per day (8)]. In terms 
of U.N. coal equivalents, the annual en- 
ergy expenditure corresponds to 0.346 
ton per capita, compared with 11.15 tons 
per capita in the United States in 1970 
(1). More than 89 percent of this energy 
was provided by the villagers themselves 
and less than 11 percent was from com- 
mercial sources, whereas nearly all the 

energy accounted for in the United 
States is from fossil fuels and hydroelec- 
tric power. 

The total quantity of energy utilized in 
rural India in 1971 was 11.4 x 1014 kcal 
per year, probably somewhat more than 
the total used on farms and in farming 
households in the United States [esti- 
mated as roughly 10.65 x 10"4 kcal (28)]. 
But the per capita use by the U.S. farm 
population of 9.5 million was 50 times 
greater than that of India's 440 million ru- 
ral people. 

Steinhart and Steinhart (25) estimate 
that the energy used in all components of 
the U.S. "food system," including 
5.26 x 1014 kcal on farms, 11.66 x 1014 
kcal in the food processing and market- 
ing industries, and 4.8 x 1014 kcal in 
home refrigeration and cooking, is about 
nine times the energy in food eaten. As- 
suming that 80 percent of the food pro- 
duced and energy consumed in Indian ag- 
riculture is chargeable to rural areas, the 
corresponding figure for agriculture and 
cooking in rural India is slightly less than 
2.7 kcal per 1 kcal of food eaten, depend- 
ing on the (probably small) amount of 
fuel used for space heating. But the ener- 
gy utilized in the U.S. food system is less 
than 13 percent of total U.S. energy use 
(25), whereas 82 percent of total energy 
use in rural India is directly related to 
food. 

Dividing Steinhart and Steinhart's esti- 
mate of 5.26 x 1014 kcal used on farms in 
the United States by the 1971 cropped 
area of 122 million hectares, we obtain 
an energy use per hectare of 4.31 x 10" 
kcal, nearly three times our computed 
value from Table 4 of 1.55 x 10" kcal per 
hectare on India's gross cropped area of 

163 million hectares. Estimates by Pi- 
mentel et al. (29) of energy expenditure 
in production of food grains (cereals and 
soybeans) and animal products (meat, 
eggs, poultry, and milk products) in the 
United States give a total of 9.2 x 1014 
kcal for the 108 million cropped hectares 
used for these purposes, or 8.52 x 10" 
kcal per hectare, about twice the value 
derived from the data of Steinhart and 
Steinhart. Approximately 55 percent of 
this energy (5.06 x 10"1 kcal) was used 
on cultivated fields and 45 percent 
(4.14 x 1014 kcal) in the care and manage- 
ment of animals. 

It is difficult to compare the energy ex- 
penditures per unit of human food in In- 
dia and the United States because of the 
very different diets of the two peoples. 
Comparison is easier if we consider only 
food grains, which make up 81 percent of 
the Indian diet but only 21 percent of the 
U.S. diet (30). The data given by Pimen- 
tel et al. (29) indicate that 4.3 x l014 kcal 
is used in U.S. agriculture to produce 
271 million tons of corn, wheat, sor- 
ghum, other cereals, and soybeans, or 
1.59 x 10" kcal per ton. This is 45 per- 
cent of the food energy in the crops. As- 
suming that 80 percent of energy ex- 
penditure in Indian agriculture goes to 
food grain production, which totaled 105 
million tons in 1971-1972 (23), the energy 
expenditure per ton was 1.92 x 10" kcal, 
55 percent of the food energy. Most of 
this was in the form of human and animal 
work. Insofar as energy costs are reflect- 
ed in food grain prices, such work is ap- 
parently more costly than mechanical 
work based on fossil fuels, even under In- 
dian conditions. 

Throughout the decade 1960-1970, 

Table 4. Energy uses in rural India. Except for human labor, quantities and uses of energy from different sources are given in the text. 

Energy used (kcal) 
Source of 

energy A Domestic Pottery, Transpor- 
Agriculture activities Lighting brickmaking, tation and Total 

metalwork other uses 

Human labor* 0.59 x 1014 0.39 x 1014 0.01 x 1014 0.09 x 1014 1.08 x 1014 
Bullock work 1.35 x l014 0.26 x 1014 1.61 x 1014 
Firewood and charcoal 4.60 x l014 
Cattle dung >6.78 x 1014 K0.75 x 1014 1.86 x 10i4 
Crop residues J J 1.07 x 1014 

Total from local sources 1.94 x l014 7.17 x 1014 0.76 x 1014 0.35 x 1014 10.22 x 1014 
Petroleum and natural gas 

Fertilizer 0.35 x 1014 0.35 x 1014 
Fuel 0.08 x 1014 0.42 x 1014 0.50 x 1014 

Soft coke 0.14 x 1014 0.14 x 1014 

Electricity 
Hydrot 0.03 x 1014 0.01 x 1014 0.04 x 1014 
Thermalt 0.12 x 1014 0.05 x 1014 0.17 x l014 

Total from commercial sources 0.58 x 1014 0.14 x 1014 0.48 x 1014 1.20 x 1014 

Total, local and commercial 2.52 x 1014 7.31 x 1014 0.48 x 1014 0.76 x l014 0.35 x 1014 11.42 x 1014 
Daily per capita 1.57 x 103 4.55 x 103 0.30 x 103 0.47 x 103 0.22 X 103 7.11 x 103 

*See Table 2. tPotential energy in water used to generate hydroelectric power. tEnergy in coal used to generate thermoelectric power. 
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when grain prices were relatively stable, 
wholesale prices of wheat, sorghum, and 
corn in the United States averaged $54, 
$45, and $45 per ton, respectively (31), 
while during the same period in India av- 
erage wholesale wheat and sorghum 
prices were $107 and $73 per ton (32). 
World prices of these cereals were about 
the same as U.S. prices. Only rice, 
which made up about 1 percent of U.S. 
food grain production but more than 40 
percent of Indian production, was some- 
what higher-priced in the United States, 
averaging $162 per ton compared to $142 
per ton in India. The average wholesale 
price of a ton of soybeans in the United 
States was $92. Pulses in India averaged 
$128 per ton at wholesale. 

The average Indian spent the equiva- 
lent of $48.60 each year on food and bev- 
erages, of which about $40 went for a to- 
tal of 2060 kcal per day in food grains, 
sugar, fruit, vegetables, and vegetable oil 
(33). The farmers' share was 80 to 90 per- 
cent of these expenditures, or about $17 
per thousand kilocalories per day (32). In 
1970, the American farmers' share of 
per capita food expenditures in the 
United States was about $200 (4). The 
equivalent of humanly edible plant ener- 
gy in the American diet is 10,900 kcal per 
day-2000 kcal in plant food eaten direct- 
ly and 8900 kcal in food grains fed to ani- 
mals (29, 30). Thus American farmers re- 
ceived a little more than $18 per thou- 
sand plant calories per day for the 
average American's diet, very close to 
the Indian figure. This is in spite of the 
fact that a large part of American costs 
were chargeable to the care and manage- 
ment of livestock and poultry. 

More Energy Is Needed in India 

In order to reduce the costs and ener- 
gy expenditures per ton of food pro- 
duced, let alone provide enough food for 
the population of 1000 million expected 
by the year 2000, a considerable increase 
in energy use will be essential, primarily 
for three purposes: irrigation, chemical 
fertilizers, and additional draft power for 
cultivating the fields. The climate and wa- 
ter supply permit growing two crops per 
year on most of India's arable land, but 
this will be possible only if facilities for 
surface and groundwater irrigation are 
greatly expanded and if abundant nitro- 

gen fertilizers can be made available, so 
that the fields do not have to be left fal- 
low to accumulate nitrogen. Estimates 
by the Indian Irrigation Commission in- 
dicate that with full irrigation devel- 
opment, about 46 million net hectare me- 
ters should be pumped annually from 
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wells (10), requiring at least 1 x 1014 kcal 
of fuel energy, four times the bullock, 
diesel, and electric energy now used. Ap- 
plications of nitrogen fertilizer should be 
raised to around 100 kg per hectare per 
crop, or 20 million tons for 100 million 
double-cropped hectares, with an energy 
requirement of 3.5 x 1014 kcal (17). 

More draft power is needed than can 
be obtained from bullocks, because rapid 
seedbed preparation is necessary to 
grow two crops per year. Makhijani and 
Poole (5) estimate that an additional 5 x 
105 kcal per hectare per crop is required 
for construction and operation of small 
tractors, or 1 x 1014 kcal, supposing that 
100 million acres are double-cropped. 
Cultivation of two crops per year would 
greatly increase farm employment, prob- 
ably by at least 50 percent, correspond- 
ing to an added human energy input of 
0.3 x 1014 kcal per year (34). The total 
additional energy requirement is 5.2 x 
1014 kcal, more than twice the energy 
now used in Indian agriculture. With 
these added energy inputs it would be 
possible, in principle, to approximate the 
average U.S. yield of 3.28 tons per hec- 
tare per crop for food grains (1), instead 
of the present 0.8 ton. 

Assuming a yield of 2 tons per hectare 
per crop and double-cropping on 100 mil- 
lion hectares, food grain production 
could be raised to between 300 and 400 
million tons, depending on the farmland 
devoted to other crops. This is between 
three and four times present production 
and would have a value at 1976 world 
prices of $35 billion or more. The input 
of energy from all sources per ton of food 
grains would be on the order of 1.8 x 10' 
kcal, significantly less than at present. If 
the average yields per hectare attained in 
U.S. food grain production were 
achieved, the energy input would be 
about 1.1 x 10" kcal per ton of food 
grains. 

Where Would the Energy Come From? 

With present technology the additional 
energy required for draft power, pump- 
ing water, and manufacturing chemical 
fertilizers would have to be provided 
largely by fossil fuels and hydroelectric 
power. If the requirement were met by 
using petroleum products, 43 million 
tons would be needed, more than twice 
the quantity used at present in all of In- 
dia, costing at today's world prices $3.2 
billion. Alternatively, 95 million tons of 
Indian coal could be used. These figures 
might be significantly reduced by devel- 
opment of the Indian and Nepalese hy- 
droelectric power potential, which is 

probably from 50,000 to 100,000 mega- 
watts (35). 

Even if all the additional energy came 
from petroleum products, and all this pe- 
troleum were imported, the cost could be 
met by exporting about a tenth of the in- 
creased food grain production. But the 
crop residues remaining from 300 million 
tons of food grains would be at least 400 
million tons, with an energy content of 
13 x 1014 kcal, about 22/3 times the re- 
quired additional energy. If this energy 
provided by photosynthesis could be har- 
nessed, for example in nitrogen-con- 
serving fermentation plants of the type 
suggested by Makhijani and Poole (5), 
the Indian rural ecosystem could contin- 
ue to be fairly self-sufficient. A major 
long-range research and development ef- 
fort along these lines would be of inesti- 
mable value. 

Summary 

An old saying has it, "slavery will per- 
sist until the loom weaves itself." All an- 
cient civilizations, no matter how enlight- 
ened or creative, rested on slavery and 
on grinding human labor, because human 
and animal muscle power were the princi- 
pal forms of energy available for mechan- 
ical work. The discovery of ways to use 
less expensive sources of energy than hu- 
man muscles made it possible for men to 
be free. The men and women of rural In- 
dia are tied to poverty and misery be- 
cause they use too little energy and use it 
inefficiently, and nearly all they use is se- 
cured by their own physical efforts. A 
transformation of rural Indian society 
could be brought about by increasing the 
quantity and improving the technology 
of energy use. 
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San Francisco. The "nuclear power 
plant initiative," which comes to a popu- 
lar vote on 8 June after a long, hotly con- 
tested campaign, is challenging the pow- 
erful establishment that has been promot- 
ing the rapid development of nuclear 
energy in California. If adopted by the 
voters, the initiative would give a boost 
to similar initiative efforts now under 
way in more than a dozen other states. 
But the one sure effect of this forth- 
coming plebiscite is its strong encour- 
agement of a serious effort by the Califor- 
nia legislature to demand that utilities 
and federal regulators solve the prob- 
lems currently besetting the nuclear en- 
terprise and provide convincing assur- 
ances about nuclear safety. 

The initiative, or proposition 15 as it is 
called, is characterized by its proponents 
as a measure to bring about nuclear 
"safeguards" and by its opponents as 
one cleverly and deceptively designed to 
achieve a nuclear "shutdown." In fact, 
the motivations behind the initiative 
seem quite mixed. Some of its back- 
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nia legislature to demand that utilities 
and federal regulators solve the prob- 
lems currently besetting the nuclear en- 
terprise and provide convincing assur- 
ances about nuclear safety. 

The initiative, or proposition 15 as it is 
called, is characterized by its proponents 
as a measure to bring about nuclear 
"safeguards" and by its opponents as 
one cleverly and deceptively designed to 
achieve a nuclear "shutdown." In fact, 
the motivations behind the initiative 
seem quite mixed. Some of its back- 
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ers are clearly "antinuclear" while 
many others simply believe that nuclear 
power can and should be made safer than 
it now is. Yet there is little doubt but 
what approval of the initiative would 
bring about at least a temporary slow- 
down or cessation of nuclear power gen- 
eration and development over the next 5 
years by imposing, in the case of all new 
and existing reactors, stringent demands 
as to insurance liability, safety, and ra- 
dioactive waste disposal. 

Californians have been bombarded 
with propaganda for and against proposi- 
tion 15 ever since late 1974, when its 
sponsors began circulating petitions to 
get it on the ballot. Not surprisingly, af- 
ter more than a year and a half of this 
loud and confusing debate, most citizens 
apparently are still trying to make up 
their minds how they will vote. 

Leading the initiative campaign is the 
Committee for Nuclear Safeguards, 
headed by David Pesonen, a San Fran- 
cisco attorney and former forester and 
Sierra Club representative. In collecting 
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the half million signatures necessary to 
qualify the proposition for the ballot, 
Pesonen was aided by the People's Lob- 
by, a southern California group which 
has made a specialty of pushing initia- 
tive campaigns, and by Project Survival, 
a new activist group based in Palo Alto. 
Known for its dedication and effec- 
tiveness, this latter group-a political 
spin-off from a philosophical and semi- 
religious organization known as Creative 
Initiative-probably kept the signature 
drive from foundering. 

Proposition 15 also has the support of 
most California environmentalists, and 
groups such as the Sierra Club and 
Friends of the Earth are deeply com- 
mitted to it. On California's college and 
university campuses, there is substantial 
faculty sentiment both for and against 
the initiative, but the majority of stu- 
dents are believed to support it. 

By far the greater part of California's 
political and business establishment is 
opposing the proposition. Formally lead- 
ing the opposition is the California Com- 
mittee for Environmental and Economic 
Balance, which represents a coalition of 
labor unions, utilities, and various other 
business and development interests. 
Former Governor Edmund G. Brown, 
Sr., heads the committee. His son, the 
present governor of California, has 
avoided committing himself on the prop- 
osition; but several state agencies, in- 
cluding the state energy commission and 
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