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Abstract

Energy analysis of livestock farming system seems to be a promising approach to investigate and assess the energy use efficiency, environmental problems 
and their relation to sustainability. Therefore, effective energy usage is one of the key factors for sustainable dairy production which provides financial savings, 
fossil resources preservation and air pollution reduction. Hence, the present study was workout energy budgeting of dairy based integrated farming system 
during 2019-21 in Karnal, Haryana. The study was conducted both at on-station and on-farm. For on-farm, one farmer practicing traditional dairy-based 
model was selected from Karnal district. For on-station study, dairy-based Integrated Farming System (IFS) model developed at NDRI was selected. The results 
revealed that with the same unit of land (1 ha), Energy budgeting was more efficient for farmer’s system with energy use efficiency of 1.97 while for on-station 
system it was 1.73. Net energy gain of 201168.52 MJ at on-station and it was 259762.10 MJ for farmer’s field. Direct and indirect energy input in on-station 
system and farmer’s field were 29214.91 MJ, 248208.30 MJ and 35872.02 MJ, 232955.20 MJ, respectively. On-station IFS system utilized more renewable 
energy than farmer’s field (88.62% vs 83.72%) while non-renewable energy consumption was more for farmer’s field (16.28%) than the on-station system 
(11.38%). Based on above results it can be concluded that energy budgeting was better at farmer’s field than on-station IFS system. However, on-station IFS 
model utilized more renewable energy.

INTRODUCTION

The energy use efficiency of livestock production is 
lower than that of crop production [1]. In comparison to 
crop production, fewer studies have been conducted on the 
energy efficiency of livestock farming [2]. The number of 
intensive livestock systems is increasing, and the land and 
livelihood needs of extensive systems are key challenges of 
livestock farming [3]. Energy analysis of livestock farming 
system seems to be a promising approach to investigate 
and assess the energy use efficiency, environmental 
problems and their relation to sustainability.  Energy can 
be exploited from different inputs such as human labour, 
animal, fossil-based fuels, electricity and machinery to 
perform various operations in dairy production. Therefore, 

improving the management level of energy usage is crucial 
to combat the rising energy costs, depletion of natural 
resources and environmental deterioration. Energy is 
one of the basic requirements for the economic and social 
development. The analysis of energy budget is important 
for the planning strategies and policies of energy usage. 
Therefore, effective energy usage is one of the key factors 
for sustainable dairy production which provides financial 
savings, fossil resources preservation and air pollution 
reduction. On the other hand, livestock production is the 
poor converter of energy, because it is based on a double 
energy transformation. First, solar energy and soil nutrients 
are converted into biomass by green plants. Second, when 
crops are fed to livestock, a major share of energy intake 
is spent on keeping up body metabolism and only a small 
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portion is used to produce meat and milk). Increased energy 
efficiency and utilization of non-renewable energy are 
effective to improve the productivity with environmental 
sustainability of other effects of increased energy efficiency 
could point to the reduced operating costs as well as the 
costs arising from agricultural production. In order to 
meet the increasing demands of people to animal products, 
technology and methods need to be adopted to improve 
the efficiency of animal production; it would increase the 
production. By integrating allied farm enterprises energy 
intake is confined within a farm system. Energy is used in 
almost all facets of life and makes possible the existence 
of ecosystems, human civilizations and life itself. Different 
regions and societies adapt to their environments and 
determine their own energy resources and energy uses. 
Energy can exist in many forms, and can be converted from 
one form to another with energy conversion technologies. 
Agriculture is both an energy user and energy supplier in 
the form of bio-energy. At present, the productivity and 
profitability of agricultural production system depend 
upon energy consumption [4]. Efficient use of agricultural 
product energies helps to achieve increased production 
and productivity and contributes to the profitability and 
competitiveness of agriculture sustainability in rural living 
[5]. Agricultural production hangs on fossil energy for 
providing fuels, fertilizer, pesticides, fodder, and machinery 
[6,7]. The productivity per hectare was improved with the 
consequence that food supply systems now use 4–10 times 
more fossil energy than the food energy they produce [8,9] 
thus the agriculture turn into a net-energy sink.

Integrated farming system played an important role 
in reducing the dependency of fossil energy [10] The step 
in making agriculture into a net-energy provider is to 
implement strategies that enhance farm energy out-put. 
Various researchers have studied the scenarios for energy 
production in different farming systems [11] Ostergard 
and [12,13] through energy budgeting. An Energy 
budget is a balance sheet of energy income opposed to 
expenditure, which deals with the study of energy change 
and convert from one form to another. Calculation of farm 
productivity through energy analysis is essential to make 
efficient use of the naturally available recourses. In recent 
years due to improvement of agricultural practices, the 
energy consumption has increased in the form of feed, 
concentrates, minerals, fertilizers, fossil fuels, electricity 
power, modern machinery etc. causing environmental 
degradation. An input-output energy analysis provides 
farm manager and policy makers an opportunity to 
calculate economic intersection of energy use. Therefore, 
energy budgeting is essential to make efficient use of the 
existing natural resources [14,15]. A dairy component is 

both an energy consumer and an energy producer; since 
the use of various energy inputs would lead to produce 
energy outputs in the form of milk and manure (De et 
al., 2001). The integrated systems provide scope not 
only to augment income of the farmers but also bring 
improvement in energy use efficiency through recycling of 
nutrients, increases the overall productivity, profitability 
and sustainability of the farms. Thus, energy obtained from 
IFS in various forms is much higher than energy input, as 
the by-product/wastes of these allied enterprises provide 
raw material and energy required for the food chain in 
another system. This complimentarily when carefully 
chosen, keeping in view the soil and environmental 
conditions generates greater income. The adoption of 
integrated farming system instead of any individual crop-
livestock enterprise will not only sustain the livelihood 
but also provide food security specially at the small and 
marginal scale of farming [16]. Thus, the need has been felt 
to identify appropriate energy efficient farm practices and 
technologies for cost effective production in integrated 
farming systems. Therefore, the present study has been 
planned on Energy Budgeting of Dairy Based Integrated 
Farming System: A Report.

STUDY METHODOLOGY

Energy Analysis

Inputs used and outputs produced from the system 
were recorded season and component wise. Input 
energy from seed, fuel, human labour, fertilizers, FYM, 
insecticides, irrigation, electricity, feed concentrates, 
fodders, mineral mixtures etc. and output energy from 
yield as grains, milk, dung, fodder,  eggs, manure, live wt. of 
birds and other products and by-products were converted 
from physical to  Energy Unit (MJ) using various published 
specific conversion coefficients (Table 2,3)  and calculated 
total energy input and output. The energy output for the 
green fodder crops was estimated based on the DM. To 
estimate the energy input-output, energy use efficiency, 
net energy gain and other energy indices for the different 
components of IFS (Table 1). Energy equivalents (MJ/
ha) of all inputs were summed to get an estimate for the 
total input of energy. Energy utilization in farm operations 
was calculated on the basis of energy consumed in field 
preparation and sowing, fertilizer application, irrigation, 
intercultural operation and weeding, plant protection, 
and harvesting and threshing. The direct and indirect 
source-wise energies (viz., human labour, seed, crop 
residue, diesel, plant protection chemicals, fertilizers and 
machinery) were calculated to compute the above farm 
operations on hectare basis (MJ/ha) under each treatment. 
Crop yield samples from the net areas were harvested 
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Table 1: The different energy indices were computed using the following equations.

S. No. Energy Indices Formulae Used

(I) Energy use efficiency Energy output (MJ) / Energy input (MJ)

(II) Net Energy Total Energy output (MJ) – Total energy 
input (MJ)

(III) Energy profitability Net energy gain (MJ) / Total Energy Input 
(MJ)

(IV) Direct energy Labour + Fuel + Electricity

(V) Indirect energy Seed + Feed + Fertilizers + Chemicals + 
Machineries

(VI) Renewable energy Labour + Manure + Feeds/seeds + FYM

(VII) Non-renewable energy Fuel + Electricity + Chem. Fertilizers + 
Chemicals +Machinery

(VIII) Human energy profitability Total Energy output (MJ) /Total Labour 
Energy Input (MJ)

Table 2: Resource input and their energy equivalent

Input Unit Equivalent (MJ/unit) Reference

Labour hr 1.96 [19-21]

Fuel L 56.31 [22][20,21]

Electricity kWh 11.93 [22][20,21] [23]

Nitrogen (N) kg 66.14 [22] [20,21]

Phosphorous (P2O5) kg 22.44 [22] [20,21]

Zn-sulphate Kg 20.90 [24]

Manure/FYM kg 0.33 [25] 

Vermi-compost kg 0.50 [26] 

Farm machinery kg 62.70 [25] [20,21]

Sickles (for harvesting) Hr 0.84 [27]

Seed (Rice, wheat, maize, 
sorghum, cow pea, oat) kg 14.70 [28] [20,21]

Berseem (seed) kg 10.0 [28] 

Chick (poultry) kg 4.56 [29] 

Fish fingerling Kg 55.6 [30, 31]

Concentrate (DM basis) Kg 9.40 Calculated*

Straw (DM basis) Kg 5.26 Calculated*

Green fodder (DM basis) Kg 8.60 Calculated*

Oilcake Kg 14.40 [32]

Broken rice Kg 15.28 [32]

manually, however, mechanised harvesting and threshing 
were assumed for input energy calculation on hectare 
basis, as mechanization in farming has been increased in 
India.

To investigate the relationship between the output and 
different forms of energy, we categorised the energy inputs 
into direct, indirect, renewable, and non-renewable [5] 
Direct energy (DE) includes human labour and electrical 
energies, while Indirect Energy (IDE) involved energy 
used for machinery and feed stuffs. On the other hand, 
Renewable Energy (RE) includes, human labour and feed 
stocks, whereas, Non-Renewable Energy (NRE) consists 
electricity and machinery used at dairy farms.

Estimation of Energy Inputs

The inputs-output energy values were calculated by 
using the energy conversion factors suggested by earlier 
workers. Human Labour Energy (EHL)- Human labour 
is required for animal husbandry, fodder harvesting and 
distribution, package of practices of crop and milking of 
animals. Human labour energy could be calculated using 
Eq. (1) as follows:

EHL = nHL × nd × h × EEHL  		           	  (1)

where EHL is human labour energy in MJ per unit, nHL 
is number of human labours at dairy-based IFS farm, nd 
is production days of labour, h working hours of a labour 
spending at a farm in a day, and EEHL is the energy 
equivalent of human labour in MJ(Table 2).

Electricity Energy (EE)- Electricity was mainly used 
for lighting farms, electric fans, and electric motor used in 
chaff cutters to chop fodders. The electricity consumption 
could be calculated using Eq. (2) as follows:

EE=QE×EEE	    			            	   (2)

where EE is electrical energy in MJ per unit, QE is 
electricity consumption in kWh for lighting, electric fans, 
and electric motors, and EEE is the energy equivalent 
of electricity in MJ. Machinery energy (EM)- Machinery 
energy, includes the energy of all equipment used at dairy-
based IFS farms such as electric fans, electric motors, and 
chaff cutters. Machinery energy could be estimated using 
Eq. (3) as follows:

EM = (m × EEM × t)/T	                                            	 (3)

where EM is machinery energy in MJ per unit, m is mass 
of machine (kg), EEM is energy equivalent of the machine 
in MJ, t is working hours of a machine (h), and T is the 
economic life of a machine in Hours (h).

Table 3: Resource output and their energy equivalent

Output Unit Equivalent (MJ/unit) Reference
Rice, wheat, maize kg 14.70 [19]

Sorghum, berseem, oat and 
maize (dry mass)  kg 18.0 [28]

By-product (dry mass)
 Straw (Rice and Wheat) kg 12.5 [28] 

Egg kg 7.28 [33] 
Cow milk kg 3.25 Calculated 

Buffalo milk kg 4.60 Calculated
Goat milk kg 3.39 [34]
Manure kg 0.33 [25]

Poultry meat kg 10.33 [35]
Fish kg 55.6 [30,31]

Papaya kg 4.01 [35]

*Feeds energy equivalent calculated on metabolizable energy of feed stuffs on dry 
matter basis.
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Feed Energy (EF)- Feed used at the dairy farm is 
generally expressed in terms of metabolisable energy: 
sorghum, millet, wheat straw, cotton seed cake and 
minerals in concentrate form. Feedstock energy could be 
calculated using Eq. (4) as follows:

EF = QF x EEF				             (4)

where EF represents feed energy in MJ per unit, QF is 
feed consumption in kg per animal, and EEF is the energy 
equivalent of feed in MJ.

Estimation of Energy Output

We used milk and dung production per animal as the 
energy output for domestic animal farms. The meat was 
not included in the output parameters, because domestic 
buffaloes were mainly kept for producing milk. Therefore, 
we only allocated energy inputs to milk production. The 
energy of milk production is estimated by multiplying the 
quantity of milk produced with the energy equivalent of 
milk (4% fat corrected milk) (Table 3).

The grain and straw yields of wheat and rice crops and 
their energy equivalent were converted in terms of energy 
(MJ/ ha) using corresponding Energy Equivalent (EE) 
given in Table 3.

The output energy of a crop is the sum of the total 
energy equivalent of grain and energy equivalent of straw 
yields 

Output energy (MJ/ha) = [Grain yield (kg/ha) X EE of 
grain (MJ/kg)] + [Straw yield (kg/ha) X EE of straw (MJ/
kg)]

The output energy of the cropping system is the sum 
of the output energy of maize, wheat and paddy etc. 
An accounting approach is used to analyse some basic 
measures of input-output energy relation like net energy 
return, energy ratio and energy productivity [17,18 ,19]

Energy use indices based on energy equivalents of 
inputs and output (Table 2 and 3), the energy use indices 
such as Energy Use Efficiency (EUE), Net Energy (NE), 
Net Energy Gain (NEG), Energy Productivity (EP), Direct 
Energy (DE), Indirect Energy (IDR), Renewable Energy 
(RE), Non-Renewable Energy (NRE), Specific Energy (SE) 
and Energy Return On Investment (EROI) were calculated 
as follows:

Descriptive Analysis

The collected data were tabulated on master sheets in 
MS excel containing the pooled scores were prepared for 
respective categories of farming system and subjected to 
appropriate descriptive statistical analysis.

RESULTS AND DISCUSSION

Energy Budgeting of Whole System

Source-Wise Energy Use Patterns: Source-wise 
energy use pattern of food crops, fodder crops, dairy and 
subsidiary components at on-station and farmer’s field are 
presented in Table 8. It showed that in food crops, fertilizers 
(4743.71 MJ ha-1, 36.26%) followed by electricity (4140.75 
MJ   ha-1, 31.65%) and diesel (2319.33 MJ ha-1, 17.73%) 
were the most energy intensive source among all the energy 
sources at on-station as well as farmer’s field (6739.89 MJ 
ha-1, 35.05%, 5339.87 MJ ha-1, 27.77%, 4955.28 MJ ha-1, 
25.77%) respectively. However, fodder crops energy use 
consumption pattern was like fertilizers (4279.05 MJ ha-
1, 35.00 %), electricity (3356.63 MJ ha-1, 27.45 %) and 
diesel (2037.78 MJ ha-1, 16.67%) in on-station. Whereas, 
source-wise energy use pattern was almost similar except 
electricity (8365.79 MJ ha-1, 38.02%) in fodder crops at 
farmer’s field consumed higher proportion. The energy 
balance of rice and wheat production were found 46.33 
GJ/hm2 (hill) to59.29 GJ/hm2 (terai) and 27.14 GJ/hm2 
(terai) to 38.52 GJ/hm2 (hill), respectively, where energy 
use efficiency in terai and hills were found to be 7.14 and 
4.97 in rice, and 3.49 and 5.59 in wheat, respectively. 
The contribution of fertilizer  on impacts was significant 
among other energy inputs in rice and wheat production 
in both  geographical regions  [36] Results revealed that 
source-wise energy use  pattern of dairy unit at on-station 
indicated that feeds (233260.61MJ per year/6 cows, 3 
buffaloes, 10 goats) were followed by electricity (8768.55 
MJ per year/3 cows,3 buffaloes,10 goats), whereas, in case 
of farmer’s field source-wise energy use pattern in dairy 
feeds (215629.56 MJ per year/3 cows and 3 buffaloes) 
were followed by electricity  (7506.12 MJ per year/3 cows 
and 3 buffaloes) respectively. In dairy component these 
were the most energy intensive source among all the 
energy input sources. Results showed that source-wise 
energy use pattern of subsidiary components at on-station 
feeds/seeds (2992.53 MJ) were followed by electricity 
(1049.84 MJ) and labour (627.20 MJ) respectively. These 
were observed the  most energy intensive source among 
all the energy source inputs in subsidiary component For 
whole IFS system of the source-wise energy use pattern 
in food crops at on-station was in the order: -fertilizers 
(4743.71 MJ ha-1, 36.26%)> electricity (3356.63 MJ ha-1, 
27.45%) >diesel (2319.33 ha-1, 17.73%)>seed (4743.71 
MJ ha-1, 5.34%)> labour (627.20 MJ ha-1, 4.79%) 
>machinery (4.24 MJ ha-1, 4.24%). Source-wise energy 
use pattern in food crops at farmer’s field was in the 
order: -fertilizers (6739.89 MJ ha-1, 35.05%)>electricity 
(5339.87 MJ ha-1, 27.77%)>diesel (4955.28 MJ ha-1, 25.77 
%) >machinery (769.38 MJ ha-1, 4.00%)>seed (735.00 
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MJ ha-1, 3.82%)>labour (689.92 MJ ha-1, 3.59%). The 
overall source-wise energy use pattern in fodder crops 
at on-station was in the order: -fertilizers (4279.05 MJ 
ha-1, 35.00%)> electricity (3356.63 MJ ha-1, 27.45 %) 
>diesel (2037.78 MJ ha-1, 16.67%)>labour (1309.28 MJ 
ha-1, 10.71%)>machinery (896.30 MJ ha-1, 7.33%)>seed 
(348.40 MJ ha-1, 2.85%). Source-wise energy use pattern 
in fodder crops at farmer’s field was in order: -fertilizers 
(6951.88 M ha-1, 31.59%)>electricity (8365.79 MJ ha-
1, 38.02%)>diesel (3589.76 MJ ha-1, 16.31%)>labour 
(1034 MJ ha-1, 4.70 %)> machinery (1031.83 MJ ha-1, 
4.69%)>seed (1029.00 MJ ha-1, 4.68%). The overall source-
wise energy use pattern in dairy component at on-station 
was in the order: -feeds (233260.61MJ year-1, 94.44%)> 
electricity (8768.55 MJ year-1, 3.55 %) > labour (4860.80 
MJ year-1, 1.97%) >machinery (102.98 MJ year-1, 0.04%). 
Source-wise energy use pattern in dairy component at 
farmer’s field was in the order: -feeds (215629.56 MJ 
year-1, 94.74%)>electricity (7506.12 MJ year-1, 3.30 %) 
>labour (4390.40 MJ year-1, 1.93%)> machinery (68.66 MJ 
year-1, 0.03%).The overall source-wise energy use pattern 
in subsidiary component at on-station was in the order: - 
feeds/seeds (2992.53 MJ, 58.46%)>electricity (1049.84 
MJ, 20.51%) >labour (627.20 MJ, 12.25%)>chicks (205.20 
MJ, 4.01%)>machinery (117.56 MJ, 2.30%).

Direct and Indirect Energy

Results showed that food crops consumed higher 
amount of direct energy (7087.27 MJ ha-1 and 54.16%) 
over indirect energy (5996.73 MJ ha-1 and 45.84%) at on-
station. Likewise, at farmer’s field also these consumed 
higher amount of direct energy (10985.07 MJ ha-1 and 
57.13%) over the indirect energy (8244.27 MJ ha-1 and 
42.87%) (Table 4.39). However, the comparison between 
farmer’s field and on-station showed maximum amount of 
direct energy at farmer’s field as compared to on-station 

(10985.07 MJ ha-1 v/s 7087.27 MJ ha-1 respectively). In 
case of indirect energy also higher amount was used in food 
crops at farmer’s field as compared to on-station (8244.27 
MJ ha-1 v/s 5996.73 MJ ha-1, respectively). Results 
indicated that fodder crops consumed higher amount of 
direct energy (6703.68 MJ ha-1 and 54.82 %) over indirect 
energy (5523.75 MJ ha-1 and 45.18 %) at on-station. 
Likewise, higher amount of direct energy (12990.44MJ 
ha-1 and 59.04 %) was consumed over the indirect energy 
(9012.71 MJ ha-1 and 40.96 %) at farmer’s field (Table 
9). However, the comparison between farmer’s field and 
on-station showed maximum amount of direct energy at 
farmer’s field as compared to on-station (12990.44 MJ 
ha-1vs. 6703.68 MJ ha-1 respectively). In case of indirect 
energy also, higher amount was used in fodder crops at 
farmer’s field as compared to on-station (9012.71 MJ 
ha-1vs. 5523.75 MJ ha-1, respectively). Further, results 
revealed that dairy consumed higher amount of indirect 
energy (233363.59 MJ year-1 and 94.48 %) over direct 
energy (13629.35 MJ year-1 and 5.52%) at on- station. 
Likewise, higher amount of indirect energy (215698.22 MJ 
year-1 and 57.13%) over the direct energy (11896.52 MJ 
year-1 and 5.23%) was used at farmer’s field (Table 4.39). 
However, the comparison between farmer’s field and on-
station showed use of maximum amount of indirect energy 
at on-station as compared to farmer’s field (233363.59 
year-1vs. 215698.22 MJ year-1 respectively). In case of 
direct energy also, higher amount was used in dairy at 
on-station as compared to farmer’s field (13629.35 MJ 
year-1vs. 11896.52 MJ year-1, respectively). Subsidiary 
components consumed higher amount of indirect energy 
(3324.22 MJ year-1 and 65.00%) over direct energy 
(1794.60MJ year-1 and 35.00%) at on-station.

The present observations were similar to the findings 
of Palsaniya et al., [37] They observed higher energy 
efficiency, net energy gain and energy profitability in 
groundnut– wheat cropping system. However, the share of 
indirect energy (71%) and renewable energy (67%) was 
more in IFS making it more self-reliant and sustainable.

Renewable and Non-Renewable Energy

Results showed that food crops consumed higher 
amount of non-renewable energy (11758.56 MJ ha-1 and 
89.86%) over renewable energy (1325.45 MJ ha-1 and 
10.14%) at on-station. Likewise, farmer’s field consumed 
higher amount of non-renewable energy (17804.42 MJ 
ha-1 and 92.59 %) over the renewable energy (1424.92 MJ 
ha-1 and 7.41%) (Table 4.39). However, the comparison 
between farmer’s field and on-station showed consumption 
of maximum amount of non-renewable energy at farmer’s 
field as compared to on-station (17804.42 MJ ha-1 v/s 

Table 4: Enterprises-wise energy budgeting of dairy-based IFS at on-station.

Particulars Food Fodder Dairy Subsidiary Total
Yield (kg) 3987.50 14005.62 16917.10 3016.06 37926.28

Input (MJ/unit) 13084.01 12227.43 246992.94 5126.84 277431.23
Output (MJ/unit) 107660.00 252101.20 89351.32 29487.23 478599.75
Net energy (MJ) 94575.99 239873.76 -157641.63 24360.39 201168.52

EUE 8.23 20.62 0.36 5.75 1.73
E Profitability 7.23 19.62 -0.64 4.75 0.73
E Productivity 0.30 1.15 0.07 5.75 0.14
Specific Energy 3.28 0.87 14.60 0.17 7.32

Direct (MJ) 7087.27 6703.68 13629.35 1794.60 29214.91
Indirect (MJ) 5996.73 5523.75 233363.59 3324.22 248208.30

Renewable (MJ) 1325.45 2485.18 238121.41 3951.42 245883.46
Non-renewable 

(MJ) 11758.56 9742.25 8871.53 1167.40 31539.75

Human Energy 
Prof. (MJ h-1) 171.65 192.55 18.38 47.01 64.46
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11758.56 MJ ha-1 respectively). In case of renewable 
energy also, its higher amount was used in food crops at 
farmer’s field as compared to on-station (1424.92 MJ ha-1 
v/s 1325.45 MJ ha-1, respectively). Results indicated that 
fodder crops consumed higher amount of non-renewable 
energy (9742.25 MJ ha-1 and 79.68 %) over renewable 
energy (2485.18 MJ ha-1 and 20.32 %) at on-station. 
Likewise, at farmer’s field consumed higher amount of 
non-renewable energy (19939.26 MJ ha-1 and 90.63 %) 
over the renewable energy (2063.88 MJ ha-1 and 9.37 %) 
(Table 4.39). However, the comparison between farmer’s 
field and on-station showed use of maximum amount 
of non-renewable energy at farmer’s field as compared 
to on-station (19939.26 MJ ha-1 v/s 9742.25 MJ ha-1 
respectively). In case of renewable energy also, its higher 
amount was used in fodder crops at on-station as compared 
to farmer’s field (2485.18 MJ ha-1 v/s 2063.88 MJ ha-1, 
respectively). In case of dairy animals, higher amount of 
renewable energy (238121.41 MJ year-1 and 96.40 %) over 
non-renewable energy (8871.53 MJ year-1 and 3.60%) was 
consumed at on-station. Similarly at farmer’s field, higher 
amount of renewable energy (220019.96 MJ year-1 and 
96.67%) was consumed over the non-renewable energy 
(7574.77 MJ year-1 and 3.33 %) (Table 9). However, the 
comparison between farmer’s field and on-station showed 
use of maximum amount of renewable energy at on-
station as compared to farmer’s field (238121.41 MJyear-1 
v/s 220019.96 MJ year-1 respectively). In case of non-
renewable energy also higher amount was used in dairy 
at on-station as compared to farmer’s field (8871.53MJ 
year-1 v/s 7574.77MJ year-1, respectively). Subsidiary 
components consumed higher amount of renewable 
energy (3951.42 MJ year-1 and 77.07%) over non-
renewable energy (1167.40MJ year-1 and 22.93%) at on-
station. Paramesh et al., [38] estimated share of direct and 
indirect energy inputs to the total energy input of mixed 
farming system to be 14% and 86%, respectively, whereas 
renewable and non-renewable energy inputs, were 
recorded as 19% and 81%, respectively. They highlighted 
the importance of conservation of tillage practices, organic 
farming, improved irrigation technology, and judicious 
use of non-renewable inputs to enhance the energy use 
efficiency of the mixed farming system model [ 38]

Energy Input-Output Relationship

The total energy input consumption of food crops 
cultivation was higher at farmer’s field (19229.34 MJ 
ha-1) as compared with on-station (13084.01 MJ ha-1) 
(Table 4 and 5). In case of farmer’s field higher amount of 
output energy was observed (128938.00 MJ ha-1) than at 
on-station (107660.00 MJ ha-1). The net energy was also 
higher at farmer’s field (109708.66 MJ ha-1) as compared 

to on-station (94575.99 MJ ha-1). Further comparison 
between farmer’s field and on-station showed that total 
energy input, energy output and net energy of food crops 
at on-station and farmer’s field varied from 13084.01, 
107660.00 and 94575.99 MJ ha-1, respectively at on-
station to as high as 19229.34, 128938.00 and 109708.66 
ha-1, respectively with farmer’s field.

In fodder crops, total energy input was higher at 
farmer’s field (22003.14MJ ha-1) as compared with on-
station (12227.43MJ ha-1) (Table 4.34 and 4.36). In 
case of farmer’s field, higher amount of output energy 
was observed (309898.62 MJ ha-1) whereas on-station 
recorded lower output (252101.20 MJ ha-1). The net 
energy was also higher at farmer’s field (287895.48 MJ ha-
1) as compared to on-station (239873.76 MJ ha-1).

Further comparison between farmer’s field and on-
station showed that total energy input, energy output 

Table 5: Energy budgeting of system at farmer’s field (2020-21).

 Particulars Food Fodder Dairy Total
Production (kg) 4165.00 17216.59 16439.59 37821.18
Input (MJ/unit) 19229.34 22003.14 227594.73 268827.22

Output (MJ/unit) 128938.00 309898.62 89752.70 528589.32
Net energy (MJ) 109708.66 287895.48 -137842.04 259762.10

EUE 6.71 14.08 0.39 1.97
E Profitability 5.71 13.08 -0.61 0.97
E Productivity 0.22 0.78 0.07 0.14
Specific Energy 4.62 1.28 13.84 7.11

Direct (MJ) 10985.07 12990.44 11896.52 35872.02
Indirect (MJ) 8244.27 9012.71 215698.22 232955.20

Renewable (MJ) 1424.92 2063.88 220019.96 223508.76
Non-renewable (MJ) 17804.42 19939.26 7574.77 45318.46
Human Energy Prof. 

(MJ h-1) 186.89 299.45 20.44 85.89

Table 6: Source-wise consumption of energy (MJ) inputs in enterprises-wise at on-
station (2019-21).

Particulars Food Fodder Dairy Subsidiary Total
Machinery 554.78 896.30 102.98 117.56 1671.62

Diesel 2319.33 2037.78 0.00 0.00 4357.10
Labour 627.20 1309.28 4860.80 627.20 7424.48

Seeds/feeds/
chicks 698.25 348.40 233260.61 3197.73 237504.99

Fertilizer 4743.71 4279.05 0.00 0.00 9022.76
Electricity 4140.75 3356.63 8768.55 1049.84 17315.76

Table 7: Source-wise consumption of energy inputs (MJ) in system at farmer’s field 
(2020-21).

Particulars Food Fodder Dairy Total
Machinery 769.38 1031.83 68.66 1869.86

Diesel 4955.28 3589.76 - 8545.04
Labour 689.92 1034.88 4390.40 6154.40

Seeds/feeds 735.00 1029.00 215629.56 217354.36
Fertilizer 6739.89 6951.88 - 13691.78
Electricity 5339.87 8365.79 7506.12 21211.78

Total 19229.34 22003.14 227594.73 268827.22
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and net energy of fodder crops at on-station and farmer’s 
field varied from 12227.43, 252101.20 and 239873.76 MJ 
ha-1, respectively at on-station to as high as 22003.14, 
309898.62 and 287895.48 MJ ha-1, respectively with 
farmer’s field.

Total energy input consumption in dairy components 
was higher at on-station (246992.94 MJ year-1) as 
compared with farmer’s field (227594.73 MJ year-1) 
(Table 4.34 and 4.36). In case of farmer’s field higher 
amount of output energy was observed (89752.70 MJ year-
1) than at on-station (89351.32 MJ year-1). The net energy 
was also higher at farmer’s field (-137842.04 MJ year-1) as 
compared to on-station (-157641.63 MJ year-1).

Further comparison between farmer’s field and on-
station showed that energy output and net energy of fodder 
crops at on-station and farmer’s field varied from 89351.32 
MJ year-1and -157641.63 MJ year-1, respectively at on-
station to as high as 89752.70 MJ year-1and - 137842.04 

MJ year-1, respectively with farmer’s field. Whereas, 
higher amount of the total energy input was used at on-
station and varied from (227594.73 MJ year-1) to as high 
as (246992.94 MJ year-1) with farmer’s field. Total energy 
input consumption in subsidiary components at on-station 
was 5126.84 MJ year-1and amount of output energy was 
obtained 29487.23 MJ year-1with net energy as 24360.39 
MJ year-1during experiment was recorded as an additional 
benefit gained by farms outputs.

Energy Indices

The various energy efficiency indices such as energy 
use efficiency, energy profitability and specific energy of 
food crops, fodder crops, dairy and subsidiary enterprises 
at on-station and farmer’s field have been presented 
in Table 4 and Table 5. For food crops at on-station and 
farmer’s field energy use efficiency (8.23 vs. 6.71), energy 
profitability (7.23 vs. 5.71) energy productivity (0.30 v/s 
0.22) and specific energy (3.28 vs. 4.62) respectively were 

Table 8: Percentage share of source-wise in total inputs in systems at on-station and farmer’s field.

On-station

Particulars Food % Share in Inputs Fodder % Share in Inputs Dairy % Share in 
Inputs Subsidiary % Share in 

Inputs Total

Machinery 554.78 4.24 896.30 7.33 102.98 0.04 117.56 2.30 1671.62
Diesel 2319.33 17.73 2037.78 16.67 0.00 0.00 0.00 0.00 4357.10

Labour 627.20 4.79 1309.28 10.71 4860.80 1.97 627.20 12.25 7424.48
Seeds/feeds/Chicks 698.25 5.34 348.40 2.85 233260.61 94.44 3197.73 62.47 237504.99

Fertilizer 4743.71 36.26 4279.05 35.00 0.00 0.00 0.00 0.00 9022.76
Electricity 4140.75 31.65 3356.63 27.45 8768.55 3.55 1049.84 20.51 17315.76

Total 13084.01 12227.43 246992.94 5118.82 277296.72
Farmer’s field

Machinery 769.38 4.00 1031.83 4.69 68.66 0.03

- -

1869.86
Diesel 4955.28 25.77 3589.76 16.31 - 0.00 8545.04

Labour 689.92 3.59 1034.88 4.70 215629.56 94.74 6154.40
Seeds/feeds 735.00 3.82 1029.00 4.68 4390.40 1.93 217354.36

Fertilizer 6739.89 35.05 6951.88 31.59 - 0.00 13691.78
Electricity 5339.87 27.77 8365.79 38.02 7506.12 3.30 21211.78

Total 19229.34 22003.14 227594.73 268827.22

Table 9: Percentage share of direct/indirect and renewable/non-renewable energy sources in total inputs in IFS system at on-station and farmer’s field.

On-station

Particulars Food % Share in 
Inputs Fodder % Share in 

Inputs Dairy % Share in 
Inputs Subsidiary % Share 

in Inputs Total % Share in 
Inputs

Input (MJ/unit) 13084.01 - 12227.43 - 246992.94 - 5126.84 - 277431.23 -

Direct (MJ) 7087.27 54.16 6703.68 54.82 13629.35 5.52 1794.60 35.00 29214.91 10.53

Indirect (MJ) 5996.73 45.84 5523.75 45.18 233363.59 94.48 3324.22 65.00 248208.30 89.47

Renewable (MJ) 1325.45 10.14 2485.18 20.32 238121.41 96.40 3951.42 77.07 245883.46 88.62

Non-renewable (MJ) 11758.56 89.86 9742.25 79.68 8871.53 3.60 1167.40 22.93 31539.75 11.38

Farmer’s field

Input (MJ/unit) 19229.34 - 22003.14 - 227594.73 -

- -

268827.22 -

Direct (MJ) 10985.07 57.13 12990.44 59.04 11896.52 5.23 35872.02 13.34

Indirect (MJ) 8244.27 42.87 9012.71 40.96 215698.22 94.77 232955.20 86.66

Renewable (MJ) 1424.92 7.41 2063.88 9.37 220019.96 96.67 223508.76 83.72

Non-renewable (MJ) 17804.42 92.59 19939.26 90.63 7574.77 3.33 45318.46 16.28
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observed. Human energy profitability was found higher in 
food crops at farmer’s field (186.89 MJ h-1) followed byon-
station (171.65 MJ h-1). For fodder crops higher energy use 
efficiency, energy profitability, energy productivity and 
specific energy were recorded at on-station as compared 
to farmer’s field (20.62 vs. 14.08), (19.62 vs. 13.08), (1.15 
vs. 0.78) and (0.87 vs. 1.28) respectively. Human energy 
profitability was found higher in fodder crops at farmer’s 
field (299.45 MJ h-1) as compared to on-station (192.55 MJ 
h-1). In dairy components at on-station and farmer’s field, 
energy use efficiency (0.36 vs. 0.39), energy profitability 
(-0.64 vs. -0.61) energy productivity (0.07 vs. 0.07) and 
specific energy (14.60 vs. 13.84) were observed. Human 
energy profitability was found higher in dairy components 
at farmer’s field (20.44 MJ h-1) as compared to on-station 
was observed (18.38 MJ h-1). The energy use efficiency, 
energy profitability and specific energy for subsidiary 
enterprises was 5.75, 4.75 and0.17, respectively. Higher 
human energy profitability was recorded (47.01 MJ h-1) in 
subsidiary components at on-station. Liu et al. [39] reported 
that co-culture of rice-turtle-fish was energy efficient as 
compared to rice monoculture. Paramesh et al. [40] also 
observed higher energy efficiency with poultry system 
followed by dairy; this was mainly due to lower energy 
consumption. Fishery recorded lower energy efficiency, 
among all the systems. The higher energy efficiency in the 
dairy system was mainly due to the efficient recycling of 
green fodder and azolla as animal feed. Results indicated 
that dairy based farming system both at on station and 
farmers field were energy efficient, conserves energy and 
energy profitable. However, the farmers system was better 
as compared to on-station. Kumar et al [41], reported an 
energy efficiency of 2.27 in crop-livestock- poultry system. 
A similar study in prawn-fish-rice system reported an 
energy efficiency of 1.72 with a net energy balance of 
18,510 MJ ha-1 [32]

CONCLUSIONS

Therefore, it can be concluded that dairy based farming 
system both at on station and farmer’s field were energy 
efficient, conserves energy and energy profitable. However, 
the farmers system was better as compared to on-station.

ACKNOWLEDGEMENT 

The authors are thankful to Director, ICAR-National 
Dairy Research Institute, Karnal for providing guidance, 
infrastructure and necessary support to carry out the 
research work.

REFERENCES
1.	 Pimentel D Energy inputs in food crop production in developing and 

developed nations. Energies, 2009; 2: 1-24.

2.	 Wechselberger P (2000) Ökonomische und 
ökologische Beurteilungunter schiedlicherl and 
wirtschaftlicher Bewirtschaftungsma ßnahmen und –
systemeanhandausgewählterKriterien. 502. FAM-Bericht 43, 
ForschungsverbandAgrarökosysteme. GFS Forschungszentrum für 
Umwelt und Gesundheit. München: TU München. [In German].

3.	 Schneider F (2010) Drivers of Change. Drivers: Perspectives on 
Change. In Steinfeld et al. (Eds). Livestock in a Changing Landscape. 
Vol. 1: Drivers, Consequences, and Responses, 3. USA: University of 
Chicago Press.

4.	 Hemmati A, Tabatabaeefar A, Rajabipour A Comparison of energy 
flow and economic performance between flat land and sloping land 
olive orchards. Energy, 2013; 61: 472-478.

5.	 Heidari MD, Omid M,  Akram A Energy efficiency and econometric 
analysis of broiler production farms. Energy, 2011; 36: 6536-6541.

6.	 Ostergard H, Markussen MV, Jensen ES Challenges for sustainable 
development in a bio-based economy, in The Bio-based Economy, 
eds H. Langeveld, M. Meeusen, and J. Sanders (Washington, DC: Earth 
scan Publications Ltd),2010; 33-48.

7.	 Pelletier N, Audsley E, Brodt S, Garnett T, Henriksson P, Kendall A 
Energy intensity of agriculture and food systems. The Annual Review 
of Environment and Resources, 2011; 36: 223-246.

8.	 Heller MC,  Keoleian GA  Assessing the sustainability of the US food 
system: a life cycle perspective. Agricultural Systems,2003; 76: 1007-
1041.

9.	 Markussen  MV,  Ostergard H .Energy analysis of the Danish food 
production system: food-EROI and fossil fuel dependency. Energies 
2013; 6: 4170-4186.

10.	 IFOAM The principles of Organic Agriculture, International 
Federation of Organic Agriculture Movements.2014;

11.	 Halberg N, Dalgaard R, Olesen JE, Dalgaard T Energy self-reli-ance, 
net-energy production and GHG emissions in Danish organic cash 
crop farms. Renewable Agriculture and Food Systems, 2008; 23:30-
37.

12.	 Markussen  MV,  Ostergard H  Energy analysis of the Danish food 
production system: food-EROI and fossil fuel dependency. Energies, 
2013; 6: 4170-4186.

13.	 Oleskowicz-Popiel P, Kádár Z, Heiske S, Klein-Marcuschamer D, 
Simmons BA, Blanch HW. Co-production of ethanol, biogas, protein 
fodder and natural fertilizer in organic farming – evaluation of a 
concept for a farm-scale bio refinery. Bioresource Technology, 2012; 
104: 440-446.

14.	 Moraditochaee M Research energy indices of eggplant production in 
north of Iran. ARPN Journal of Agricultural and Biological Science, 
2012; 7: 484-487.

15.	 Soni P, Taewichit C, Salokhe VM Energy consumption and CO2 
emissions in rain-fed agricultural production systems of Northeast 
Thailand. Agricultural Systems, 2013; 116: 25-36.

16.	 Srinika M, Kumari RV, Suhasini K, Bhave MHV Adoption of integrated 
farming system-an approach for doubling small and marginal 
farmers’ income. Indian Journal of Economics and Development, 
2027; 13: 443-447.

17.	 Chaudhary VP, Gangwar B, Pandey DK, Gangwar KS Energy auditing 
of diversified Paddy-wheat cropping systems in Indo-Gangetic plains. 
Energy,2009; 34: 1091-1096.

18.	 Devasenapathy P, Senthilkumar G, Shanmugam PM  Energy 
management in crop production. Indian Journal of Agronomy, 2009; 
54: 80-89.

https://www.researchgate.net/publication/26575685_Energy_Inputs_in_Food_Crop_Production_in_Developing_and_Developed_Nations
https://www.researchgate.net/publication/26575685_Energy_Inputs_in_Food_Crop_Production_in_Developing_and_Developed_Nations
https://www.academia.edu/85247397/Comparison_of_energy_flow_and_economic_performance_between_flat_land_and_sloping_land_olive_orchards?f_ri=5412
https://www.academia.edu/85247397/Comparison_of_energy_flow_and_economic_performance_between_flat_land_and_sloping_land_olive_orchards?f_ri=5412
https://www.academia.edu/85247397/Comparison_of_energy_flow_and_economic_performance_between_flat_land_and_sloping_land_olive_orchards?f_ri=5412
https://www.researchgate.net/publication/236484257_Energy_efficiency_and_econometric_analysis_of_broiler_production_farms
https://www.researchgate.net/publication/236484257_Energy_efficiency_and_econometric_analysis_of_broiler_production_farms
https://www.researchgate.net/publication/228243645_Energy_Intensity_of_Agriculture_and_Food_Systems
https://www.researchgate.net/publication/228243645_Energy_Intensity_of_Agriculture_and_Food_Systems
https://www.researchgate.net/publication/228243645_Energy_Intensity_of_Agriculture_and_Food_Systems
https://www.researchgate.net/publication/222558388_Assessing_the_sustainability_of_the_US_food_system_A_life_cycle_perspective
https://www.researchgate.net/publication/222558388_Assessing_the_sustainability_of_the_US_food_system_A_life_cycle_perspective
https://www.researchgate.net/publication/222558388_Assessing_the_sustainability_of_the_US_food_system_A_life_cycle_perspective
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
https://infonet-biovision.org/sites/default/files/pdf/ifoam_norms_version_july_2014.pdf
https://infonet-biovision.org/sites/default/files/pdf/ifoam_norms_version_july_2014.pdf
https://www.cambridge.org/core/journals/renewable-agriculture-and-food-systems/article/abs/energy-selfreliance-netenergy-production-and-ghg-emissions-in-danish-organic-cash-crop-farms/561C67C32B5C1B1A14C6FBCE0C1160E6
https://www.cambridge.org/core/journals/renewable-agriculture-and-food-systems/article/abs/energy-selfreliance-netenergy-production-and-ghg-emissions-in-danish-organic-cash-crop-farms/561C67C32B5C1B1A14C6FBCE0C1160E6
https://www.cambridge.org/core/journals/renewable-agriculture-and-food-systems/article/abs/energy-selfreliance-netenergy-production-and-ghg-emissions-in-danish-organic-cash-crop-farms/561C67C32B5C1B1A14C6FBCE0C1160E6
https://www.cambridge.org/core/journals/renewable-agriculture-and-food-systems/article/abs/energy-selfreliance-netenergy-production-and-ghg-emissions-in-danish-organic-cash-crop-farms/561C67C32B5C1B1A14C6FBCE0C1160E6
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
https://www.researchgate.net/publication/276036094_Energy_Analysis_of_the_Danish_Food_Production_System_Food-EROI_and_Fossil_Fuel_Dependency
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Oleskowicz-Popiel P, K�d�r Z, Heiske S, Klein-Marcuschamer D, Simmons BA, Blanch HW, Schmidt JE. Co-production of ethanol, biogas, protein fodder and natural fertilizer in organic farming--evaluation of a concept for a farm-scale biorefinery. Bioresour Technol. 2012 Jan;104:440-6
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Oleskowicz-Popiel P, K�d�r Z, Heiske S, Klein-Marcuschamer D, Simmons BA, Blanch HW, Schmidt JE. Co-production of ethanol, biogas, protein fodder and natural fertilizer in organic farming--evaluation of a concept for a farm-scale biorefinery. Bioresour Technol. 2012 Jan;104:440-6
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Oleskowicz-Popiel P, K�d�r Z, Heiske S, Klein-Marcuschamer D, Simmons BA, Blanch HW, Schmidt JE. Co-production of ethanol, biogas, protein fodder and natural fertilizer in organic farming--evaluation of a concept for a farm-scale biorefinery. Bioresour Technol. 2012 Jan;104:440-6
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Oleskowicz-Popiel P, K�d�r Z, Heiske S, Klein-Marcuschamer D, Simmons BA, Blanch HW, Schmidt JE. Co-production of ethanol, biogas, protein fodder and natural fertilizer in organic farming--evaluation of a concept for a farm-scale biorefinery. Bioresour Technol. 2012 Jan;104:440-6
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Oleskowicz-Popiel P, K�d�r Z, Heiske S, Klein-Marcuschamer D, Simmons BA, Blanch HW, Schmidt JE. Co-production of ethanol, biogas, protein fodder and natural fertilizer in organic farming--evaluation of a concept for a farm-scale biorefinery. Bioresour Technol. 2012 Jan;104:440-6
https://www.arpnjournals.com/jabs/research_papers/rp_2012/jabs_0612_421.pdf
https://www.arpnjournals.com/jabs/research_papers/rp_2012/jabs_0612_421.pdf
https://www.arpnjournals.com/jabs/research_papers/rp_2012/jabs_0612_421.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0308521X12001758
https://www.sciencedirect.com/science/article/abs/pii/S0308521X12001758
https://www.sciencedirect.com/science/article/abs/pii/S0308521X12001758
https://www.researchgate.net/publication/316485230_Adoption_of_integrated_farming_system-An_approach_for_doubling_small_and_marginal_farmers_income
https://www.researchgate.net/publication/316485230_Adoption_of_integrated_farming_system-An_approach_for_doubling_small_and_marginal_farmers_income
https://www.researchgate.net/publication/316485230_Adoption_of_integrated_farming_system-An_approach_for_doubling_small_and_marginal_farmers_income
https://www.researchgate.net/publication/316485230_Adoption_of_integrated_farming_system-An_approach_for_doubling_small_and_marginal_farmers_income
https://www.researchgate.net/publication/223615549_Energy_auditing_of_diversified_rice-wheat_cropping_systems_in_Indo-gangetic_plains
https://www.researchgate.net/publication/223615549_Energy_auditing_of_diversified_rice-wheat_cropping_systems_in_Indo-gangetic_plains
https://www.researchgate.net/publication/223615549_Energy_auditing_of_diversified_rice-wheat_cropping_systems_in_Indo-gangetic_plains
https://www.researchgate.net/publication/296855882_Energy_management_in_crop_production
https://www.researchgate.net/publication/296855882_Energy_management_in_crop_production
https://www.researchgate.net/publication/296855882_Energy_management_in_crop_production


Central

Regar JK, et al. (2025)

9/9J Vet Med Res 12(2): 1281 (2025) 

19.	 Tuti MD, Vedprakash BM, Pandey R, Bhattacharyya D, Mahanta JK, 
Bisht MK, Mina  BL, Kumar N, Bhatt JC, Srivastva AK Energy budgeting 
of colocasia-based cropping systems in the Indian sub-Himalayas. 
Energy 2012; 45: 986-993.

20.	 Mohammadi A, Tabatabaeefar A, Shahin S, Rafiee S, Keyhani A  
Energy use and economical analysis of potato production in Iran a 
case study: Ardabil province. Energy conversion and management, 
2008; 49: 3566-3570.

21.	 Ansari R, Liaqat MU, Khan HI, Mushtaq S  Energy efficiency analysis 
of wheat crop under different climate- and soil-based irrigation 
schedules. Proceedings 2017; 2: 1-7.

22.	 Yuan S, Peng S Input-output energy analysis of rice production in 
different crop management practices in central China. Energy, 2017; 
141: 1124-1132.

23.	 Sefeedpari P Assessment and optimization of energy consumption in 
dairy farm: energy efficiency. Iranian (Iranica) Journal of Energy & 
Environment, 2012; 3: 213-224.

24.	 Taewichit C Multiple Criteria Decision Making in Integrated 
Agricultural Production Systems under Thai Rain-Fed Condition 
(Ph.D. dissertation). Asian Institute of Technology. 2012;

25.	 Taki M, Ajabshirchi Y, Mobtaker HG,  Abdi R  Energy consumption, 
input-output relationship and cost analysis for greenhouse 
productions in Esfahan province of Iran. American Journal of 
Experimental Agriculture,2012; 2: 485-501.

26.	 Ram RA, Verma AK .Energy input, output and economic analysis 
in organic production of mango (Mangifera indica) cv. Dashehari. 
Indian Journal of Agricultural Sciences, 2015; 85: 827-32.

27.	 Nassiri SM, Singh S Study on energy use efficiency for paddy crop 
using data envelopment analysis (DEA) technique. Applied energy, 
2009; 86: 1320-1325.

28.	 Singh S, Mittal JP Energy in Production Agriculture, Mittal 
Publications, New Delhi, India 1992; 6-12.

29.	 Gopalan C, Rama Sastri BV,  Balasubramaniian SC  Nutritive value of 
Indian Foods. 1971

30.	 Charrondiere UR, Chevassus-Agnes S, Marroni S,  Burlingame B. 
Impact of different macronutrient definitions and energy conversion 
factors on energy supply estimations. Journal of Food Composition 
and Analysis, 2004; 17: 339-360.

31.	 Oladimeji YU, Adepoju SA, Yusuf HO, Yusuf S  Energy Efficiency 
Improvement in Fish Production Systems in Oyo State, Nigeria: A Path 
towards Sustainable Protein Supply. Nigerian Journal of Agricultural 
Extension, 2018; 19: 71-82.

32.	 Rahman S, Barmon BK. Energy productivity and efficiency of the 
‘gher’ (prawn-fish-rice) farming system in Bangladesh. Energy,2012;  
43: 293-300.

33.	 Baum AW, Patzek T, Bender M, Renich S, Jackson W The visible, 
sustainable farm: A comprehensive energy analysis of a Midwestern 
farm. Critical Reviews in Plant Sciences, 2009;  28: 218-239.

34.	 Danieli PP, Ronchi B. Developing a predictive model for the energy 
content of goat milk as the basis for a functional unit formulation to 
be used in the life cycle assessment of dairy goat production systems, 
Animal 2017; 1-9.

35.	 FNAS Nutritive Values of Thai Foods. Food and Nutrition Analysis 
Section, Nutrition Division, Department of Health, Ministry of Public 
Health, Thailand (in Thai). 2001; 

36.	 Pokhrel A, Soni P Energy balance and environmental impacts of rice 
and wheat production: A case study in Nepal. International Journal of 
Agricultural and Biological Engineering, 2019; 12: 201-207.

37.	 Palsaniya DR, Kumar S, Das MM, Kumar TK, Chaudhary M, Chand 
K, Rai SK, Ahmed A, Sahay CS, Choudhary M Integrated multi-
enterprise agricultural system for sustaining livelihood, energy use 
and resource recycling: a case study from semi-arid tropics of central 
India. Agroforestry Systems,  2021; 95: 1619-1634.

38.	 Paramesh V, Arunachalam V, Nikkhah A, Das B, Ghnimi S .Optimization 
of energy consumption and environmental impacts of arecanut 
production through coupled data envelopment analysis and life cycle 
assessment. Journal of cleaner production, 2018; 203: 674-684.

39.	 Liu G, Huang H, Zhou J  Energy analysis and economic assessment of a 
rice-turtle-fish co-culture system. Agroecology and Sustainable Food 
Systems,2019;  43: 299-309.

40.	 Paramesh V, Parajuli R, Chakurkar EB, Sreekanth GB, Kumar HC, 
Gokuldas PP. et al.Sustainability, energy budgeting, and life cycle 
assessment of crop-dairy-fish-poultry mixed farming system for 
coastal lowlands under humid tropic condition of India. Energy,2019;  
188: 1-13.

41.	 Kumar S, Kumar R, Dey A Energy budgeting of crop-livestock-poultry 
integrated farming system in irrigated ecologies of eastern India. 
Indian Journal of Agricultural Sciences,2019; 89: 1017-1022.

https://www.sciencedirect.com/science/article/abs/pii/S0360544212005087
https://www.sciencedirect.com/science/article/abs/pii/S0360544212005087
https://www.sciencedirect.com/science/article/abs/pii/S0360544212005087
https://www.sciencedirect.com/science/article/abs/pii/S0360544212005087
https://www.researchgate.net/publication/223545312_Energy_use_and_economical_analysis_of_potato_production_in_Iran_a_case_study_Ardabil_province
https://www.researchgate.net/publication/223545312_Energy_use_and_economical_analysis_of_potato_production_in_Iran_a_case_study_Ardabil_province
https://www.researchgate.net/publication/223545312_Energy_use_and_economical_analysis_of_potato_production_in_Iran_a_case_study_Ardabil_province
https://www.researchgate.net/publication/223545312_Energy_use_and_economical_analysis_of_potato_production_in_Iran_a_case_study_Ardabil_province
https://www.mdpi.com/2504-3900/2/5/184
https://www.mdpi.com/2504-3900/2/5/184
https://www.mdpi.com/2504-3900/2/5/184
https://www.sciencedirect.com/science/article/abs/pii/S0360544217316766
https://www.sciencedirect.com/science/article/abs/pii/S0360544217316766
https://www.sciencedirect.com/science/article/abs/pii/S0360544217316766
https://www.researchgate.net/publication/263567284_Assessment_and_Optimization_of_Energy_Consumption_in_Dairy_Farm_Energy_Efficiency
https://www.researchgate.net/publication/263567284_Assessment_and_Optimization_of_Energy_Consumption_in_Dairy_Farm_Energy_Efficiency
https://www.researchgate.net/publication/263567284_Assessment_and_Optimization_of_Energy_Consumption_in_Dairy_Farm_Energy_Efficiency
http://203.159.5.9/ait-thesis/detail.php?q=B00174
http://203.159.5.9/ait-thesis/detail.php?q=B00174
http://203.159.5.9/ait-thesis/detail.php?q=B00174
https://journaljeai.com/index.php/JEAI/article/view/1064
https://journaljeai.com/index.php/JEAI/article/view/1064
https://journaljeai.com/index.php/JEAI/article/view/1064
https://journaljeai.com/index.php/JEAI/article/view/1064
https://www.researchgate.net/publication/278030281_Energy_input_output_and_economic_analysis_in_organic_production_of_mango_Mangifera_indica_L_cv_Dashehari
https://www.researchgate.net/publication/278030281_Energy_input_output_and_economic_analysis_in_organic_production_of_mango_Mangifera_indica_L_cv_Dashehari
https://www.researchgate.net/publication/278030281_Energy_input_output_and_economic_analysis_in_organic_production_of_mango_Mangifera_indica_L_cv_Dashehari
https://www.researchgate.net/publication/223444428_Study_on_energy_use_efficiency_for_paddy_crop_using_data_envelopment_analysis_DEA_technique
https://www.researchgate.net/publication/223444428_Study_on_energy_use_efficiency_for_paddy_crop_using_data_envelopment_analysis_DEA_technique
https://www.researchgate.net/publication/223444428_Study_on_energy_use_efficiency_for_paddy_crop_using_data_envelopment_analysis_DEA_technique
https://books.google.co.in/books/about/Energy_in_Production_Agriculture.html?id=rhN6q5c-6QUC&redir_esc=y
https://books.google.co.in/books/about/Energy_in_Production_Agriculture.html?id=rhN6q5c-6QUC&redir_esc=y
https://dn720406.ca.archive.org/0/items/sochara.nutritivevalueof0000gopa/sochara.nutritivevalueof0000gopa.pdf
https://dn720406.ca.archive.org/0/items/sochara.nutritivevalueof0000gopa/sochara.nutritivevalueof0000gopa.pdf
https://www.researchgate.net/publication/222435720_Impact_of_different_macronutrient_definitions_and_energy_conversion_factors_on_energy_supply_estimations
https://www.researchgate.net/publication/222435720_Impact_of_different_macronutrient_definitions_and_energy_conversion_factors_on_energy_supply_estimations
https://www.researchgate.net/publication/222435720_Impact_of_different_macronutrient_definitions_and_energy_conversion_factors_on_energy_supply_estimations
https://www.researchgate.net/publication/222435720_Impact_of_different_macronutrient_definitions_and_energy_conversion_factors_on_energy_supply_estimations
https://www.researchgate.net/publication/328730460_Energy_Efficiency_Improvement_in_Fish_Production_Systems_in_Oyo_State_Nigeria_A_Path_towards_Sustainable_Protein_Supply
https://www.researchgate.net/publication/328730460_Energy_Efficiency_Improvement_in_Fish_Production_Systems_in_Oyo_State_Nigeria_A_Path_towards_Sustainable_Protein_Supply
https://www.researchgate.net/publication/328730460_Energy_Efficiency_Improvement_in_Fish_Production_Systems_in_Oyo_State_Nigeria_A_Path_towards_Sustainable_Protein_Supply
https://www.researchgate.net/publication/328730460_Energy_Efficiency_Improvement_in_Fish_Production_Systems_in_Oyo_State_Nigeria_A_Path_towards_Sustainable_Protein_Supply
https://www.researchgate.net/publication/257176847_Energy_productivity_and_efficiency_of_the_'gher'_prawn-fish-rice_farming_system_in_Bangladesh
https://www.researchgate.net/publication/257176847_Energy_productivity_and_efficiency_of_the_'gher'_prawn-fish-rice_farming_system_in_Bangladesh
https://www.researchgate.net/publication/257176847_Energy_productivity_and_efficiency_of_the_'gher'_prawn-fish-rice_farming_system_in_Bangladesh
https://www.tandfonline.com/doi/full/10.1080/07352680902963915
https://www.tandfonline.com/doi/full/10.1080/07352680902963915
https://www.tandfonline.com/doi/full/10.1080/07352680902963915
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Danieli PP, Ronchi B. Developing a predictive model for the energy content of goat milk as the basis for a functional unit formulation to be used in the life cycle assessment of dairy goat production systems. Animal. 2018 Feb;12(2):408-416
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Danieli PP, Ronchi B. Developing a predictive model for the energy content of goat milk as the basis for a functional unit formulation to be used in the life cycle assessment of dairy goat production systems. Animal. 2018 Feb;12(2):408-416
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Danieli PP, Ronchi B. Developing a predictive model for the energy content of goat milk as the basis for a functional unit formulation to be used in the life cycle assessment of dairy goat production systems. Animal. 2018 Feb;12(2):408-416
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\Danieli PP, Ronchi B. Developing a predictive model for the energy content of goat milk as the basis for a functional unit formulation to be used in the life cycle assessment of dairy goat production systems. Animal. 2018 Feb;12(2):408-416
https://www.fao.org/infoods/infoods/tables-and-databases/thailand/ar/
https://www.fao.org/infoods/infoods/tables-and-databases/thailand/ar/
https://www.fao.org/infoods/infoods/tables-and-databases/thailand/ar/
https://www.researchgate.net/publication/331223194_Energy_balance_and_environmental_impacts_of_rice_and_wheat_production_A_case_study_in_Nepal
https://www.researchgate.net/publication/331223194_Energy_balance_and_environmental_impacts_of_rice_and_wheat_production_A_case_study_in_Nepal
https://www.researchgate.net/publication/331223194_Energy_balance_and_environmental_impacts_of_rice_and_wheat_production_A_case_study_in_Nepal
https://link.springer.com/article/10.1007/s10457-021-00670-2
https://link.springer.com/article/10.1007/s10457-021-00670-2
https://link.springer.com/article/10.1007/s10457-021-00670-2
https://link.springer.com/article/10.1007/s10457-021-00670-2
https://link.springer.com/article/10.1007/s10457-021-00670-2
https://www.researchgate.net/publication/327254904_Optimization_of_energy_consumption_and_environmental_impacts_of_arecanut_production_through_coupled_data_envelopment_analysis_and_life_cycle_assessment
https://www.researchgate.net/publication/327254904_Optimization_of_energy_consumption_and_environmental_impacts_of_arecanut_production_through_coupled_data_envelopment_analysis_and_life_cycle_assessment
https://www.researchgate.net/publication/327254904_Optimization_of_energy_consumption_and_environmental_impacts_of_arecanut_production_through_coupled_data_envelopment_analysis_and_life_cycle_assessment
https://www.researchgate.net/publication/327254904_Optimization_of_energy_consumption_and_environmental_impacts_of_arecanut_production_through_coupled_data_envelopment_analysis_and_life_cycle_assessment
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\22.%09Liu G, Huang H, Zhou J (2019) Energy analysis and economic assessment of a rice-turtle-fish co-culture system. Agroecology and Sustainable Food Systems, 43(3): 299-309
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\22.%09Liu G, Huang H, Zhou J (2019) Energy analysis and economic assessment of a rice-turtle-fish co-culture system. Agroecology and Sustainable Food Systems, 43(3): 299-309
file:///C:\Users\jscimedsubmissions\Downloads\Telegram Desktop\22.%09Liu G, Huang H, Zhou J (2019) Energy analysis and economic assessment of a rice-turtle-fish co-culture system. Agroecology and Sustainable Food Systems, 43(3): 299-309
https://www.researchgate.net/publication/335787159_Sustainability_energy_budgeting_and_life_cycle_assessment_of_crop-_dairy-fish-poultry_mixed_farming_system_for_coastal_lowlands_under_humid_tropic_condition_of_India
https://www.researchgate.net/publication/335787159_Sustainability_energy_budgeting_and_life_cycle_assessment_of_crop-_dairy-fish-poultry_mixed_farming_system_for_coastal_lowlands_under_humid_tropic_condition_of_India
https://www.researchgate.net/publication/335787159_Sustainability_energy_budgeting_and_life_cycle_assessment_of_crop-_dairy-fish-poultry_mixed_farming_system_for_coastal_lowlands_under_humid_tropic_condition_of_India
https://www.researchgate.net/publication/335787159_Sustainability_energy_budgeting_and_life_cycle_assessment_of_crop-_dairy-fish-poultry_mixed_farming_system_for_coastal_lowlands_under_humid_tropic_condition_of_India
https://www.researchgate.net/publication/335787159_Sustainability_energy_budgeting_and_life_cycle_assessment_of_crop-_dairy-fish-poultry_mixed_farming_system_for_coastal_lowlands_under_humid_tropic_condition_of_India
https://www.researchgate.net/publication/336021687_Energy_budgeting_of_crop-livestock-poultry_integrated_farming_system_in_irrigated_ecologies_of_eastern_India
https://www.researchgate.net/publication/336021687_Energy_budgeting_of_crop-livestock-poultry_integrated_farming_system_in_irrigated_ecologies_of_eastern_India
https://www.researchgate.net/publication/336021687_Energy_budgeting_of_crop-livestock-poultry_integrated_farming_system_in_irrigated_ecologies_of_eastern_India

	Energy Budgeting of Dairy based Integrated Farming System under Indian Scenario
	Abstract
	Introduction
	Study Methodology 
	Table 1
	Table 2
	Table 3
	Results and Discussion 
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Conclusions
	Acknowledgement
	References

