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ABSTRACT

The food production and consumption pattern is very diverse and significantly changing due to the change in
economic status, population pressures, urbanization, and lifestyle of people worldwide. The food system
adopted by modern society has very serious environmental impacts. The main objective of this paper is to
highlight the impacts of consuming non-vegetarian diet on the environment. The production of animal-based
(livestock) foods is associated with high carbon footprint which contributes significantly to the acceleration of
global climate change. Environmental issues such as global warming and climate change can be minimized by
adopting vegetarianism or by lowering the consumption of meat and other animal based products.

KEYWORDS: Carbon footprint, Climate change, Environmental impact, Greenhouse gases, Livestock, Non-
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I. INTRODUCTION

There are so many environmental issues and problems i.e., deforestation, pollution, ozone layer depletion, acid
rain, biodiversity loss, global warming, climate change etc., which resulted from anthropogenic activities caused
by modern human civilization.  Modern life style and day-to-day activities has significant environmental
impacts. The food production and consumption pattern is significantly changing globally due to the change in
economic status, population pressures, urbanization, and lifestyle of people [1-3]. The diet of an individual also
influenced by several other factors such as personal preferences, cultural, geographical, and environmental
factors. The tendency of eating non-vegetarian food (meat) has become a fashion which has boost up the non-
vegetarian food market globally [4, 5]. In developing countries, the consumption and production of non-
vegetarian food is growing rapidly as per capita income is growing [6]. The world’s livestock sector is growing
at an unprecedented rate to meet the demand of meat. Food production is responsible for environmental
degradation mainly in developed countries [7-9]. The environmental consequences of food production have
gained a lot of attention in recent years. Meat production contributes significantly to the acceleration of global
climate change by adding a large quantity of greenhouse gases (GHG), i.e. mainly carbon dioxide (COy),
methane (CH4) and nitrous oxide (N20), to the environment. The CO, generated by fossil fuels used to power
farm machinery, transport, to store and cook foods; CH4 from enteric fermentation in ruminant livestock and
N2O released from soils mainly after the addition of fertilizers [10, 11]. The total emission from global livestock
is 7.1 gigatons (GT) of CO. equivalent per year which is about 14.5% of the world’s GHG emissions [12]. The
emission of GHG due to meat production contributes to global warming and climate change.

1. GLOBAL FOOD PRODUCTION AND CONSUMPTION

The world population is increasing exponentially (1.11% per year) and was estimated to have reached 7.5 billion
in April, 2017. According to United Nations estimate, it will further increase to 9.7 billion in 2050 and 11.2
billion in the year 2100 [13]. This growth, along with rising incomes in developing countries is driving
up global food consumption. The consumption of dairy products, eggs, and meat is increasing worldwide, and
this will intensify the environmental impacts related to livestock production [14, 15]. On the basis of diet, world
population can be classified into three categories i.e., vegans, vegetarians, and non-vegetarians. The proportion
of vegetarians in different countries of the world is very low (<10%) except India, Israel, Australia, Sweden, and
Italy, where this value is 29-40% [16], 13% [17], 2-11.2% [18, 19], 10% [20], and 7.1-10% [21, 22],
respectively, and it can be concluded that major proportion of population is consuming non-vegetarian diet.
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In developing countries, the demand for livestock products has significantly increased since the early 1960s
whereas share of cereals, roots and tubers, is declining. From 1966 to 1999, per capita meat consumption rose
by 150% and that of milk and dairy products by 60%. By 2030, per capita consumption of livestock products
could rise by a further 44% [23]. The most significant growth in per capita consumption of livestock products
has occurred in East and Southeast Asia. In China, per capita meat consumption has quadrupled, consumption of
milk has increased up to ten times, and egg consumption has increased eight times between 1980 and 2005 [24].
The diet in western countries is characterized by a high intake of livestock products (fat and meat) that is above
dietary recommendations [25, 26]. Annual meat production is expected to increase from 218 million tons in
1999 to 376 million tons by 2030 which is about 1.7 times [23]. In 2008, meat production was estimated to 280
million tons [27] and by 2050 nearly twice as much meat will be required to meet out growing population needs
[28]. In developing countries, demand is expected to grow faster than production which results in a growing
trade deficit. An increasing share of livestock production will most likely come from industrial sector. In present
scenario, production from this sector has grown twice as fast as that from traditional mixed farming systems and
about six times faster than that from grazing systems [23]. According to the Food and Agriculture
Organization (FAO), theworld fisheries productionwas 93.2 million tons captured by commercial
fishing in wild fisheries, including 48.1 million tons produced by fish farms in 2005. By 2030, annual fish
consumption is expected to rise to 150-160 million tons per year [23].

I1l. FOOD CONSUMPTION IN INDIA

In India about 30-40% of population consumes vegetarian diet. Since last decade, globalization has played an
important role in the transformation of food consumption patterns in India. There has been a significant
increase in imports of fruits such as apple, dry fruits and processed food products. However, income-induced
diet diversification has resulted in consumers moving away from inferior cereals such as bajra and jowar to
superior grains such as wheat and rice and more recently from cereals to high value food products such as milk,
vegetables, egg, fruits, and meat. According to report published by National Council of Applied Economic
Research, New Delhi [29], per capita rice consumption in rural households has declined from about 83 kg in
1987-1988 to 73 kg in 2009-2010. A similar trend was noticed in the urban households where per capita rice
consumption declined from 64 kg in 1987-1988 to 55 kg in 2009-2010. The trend in wheat consumption shows a
similar pattern as that of rice and has declined from 54 kg per year during 1997-1998 to below 52 kg in 2009-
2010. In urban households, the decline was more significant from around 54 kg to 50 kg. On the other hand,
consumption of pulses has declined due to limited availability in the global market. Per capita consumption in
urban households declined from 12 kg in 1999-2000 to 9.6 kg in 2009-2010 and from 10 kg to 8 kg in rural
households. While the consumption of edible oils has increased significantly (during 1987-88 to 2009-10) both
in rural and urban households with 4 kg to 7.7 kg and 6.6 kg to 10 kg per capita per year in rural and urban
households, respectively. The milk consumption in rural households increased about 28% from 39 kg in 1987-
1988 to 50 kg per capita per year in 2009-2010, whereas in urban households per capita consumption increased
about 25% from 52 kg to 65 kg during the same period. During 1987-1988 to 2009-2010, average per capita
poultry meat consumption registered an exponential growth of about 525% i.e., from 0.240 kg to 1.5 kg in rural
households and about 816% from 0.240 kg to 2.2 kg in urban areas. The higher poultry meat consumption is
attributed to larger supplies and its relatively lower prices than other categories of meat such as mutton. Per
capita consumption of eggs also registered a significant growth from 17 eggs to 32 eggs in urban households
and from 6 eggs per year in 1987-1988 to 21 eggs in 2009-1010 in rural households. This significant growth in
poultry sector is due to the larger availability of feed stocks (such as maize and soybean meal) and better
infrastructure.

According to data from the central government’s sample registration system baseline survey (SRSBS) (2014)
[30], Telangana tops the list of 21 big states in the country in non-vegetarianism (98.8% men and 98.6%
women) followed by West Bengal (98.7% men and 98.4% women) and Andhra Pradesh (98.4% men and 98.1%
women). These two states (Andhra Pradesh and Telangana) are also the largest producers of egg and meat.
Andhra Pradesh stands second in egg production in the country with 1309.58 crore eggs whereas Telangana
stands third with 1006 crore eggs. In meat production, Andhra Pradesh is at fourth with 5.27 lakh metric tons
and Telangana stands at sixth with 4.46 lakh metric tons. Andhra Pradesh also tops the country in exporting
buffalo meat and is well known for its shrimp exports. Among the South Indian states, Karnataka has the lowest
number of non-vegetarians. On the other hand, Rajasthan has the highest number of vegetarians with 73.3% men
and 76.6% women followed by Haryana with 68.5% men and 70% women. [31]
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IV. CARBON FOOTPRINT OF NON-VEGETARIAN DIET

In general, the accurate calculation of total carbon footprint by any activity such as land clearance, production
and consumption of food, fuels, manufactured goods, materials, roads, buildings, transportation and other
services, is not possible because of insufficient knowledge and data about the complex interactions between
contributing processes. Livestock production is a major anthropogenic source of pollutants such as CO2, CHa,
NHs, and N2O, which affects soil characteristics and cause global warming [32]. Livestock production affects
the natural environment in two ways i.e., directly and indirectly. Direct impact caused by the emissions directly
produced by the animal from enteric fermentation of fiber by ruminants, manure and urine excretion while
indirect impact caused by indirect emissions from feed crops used for animal feed, emissions from manure
application, CO, emissions from fertilizer production, emissions from processing and transportation of
refrigerated livestock products [33]. A vegetarian’s food print is about half that of a non-vegetarian and for a
vegan it is even lower. An average American’s diet has a carbon food print of around 2.5 ton CO, equivalent
(COze) per person each year but for a meat lover this is about 3.3 ton COze, and for those who don’t consume
beef, it is 1.9 ton CO.e, for vegetarian it is 1.7 ton COe and for the vegan it is 1.5 ton COe [33]. In 2002,
Gerbens-Leenes and Nonhebel [34] have developed a model to measure the CO.e and land required for
production of 1 kg meat. According to this model, COe for beef and pig is 14.8 kg and 0.9 kg, respectively,
where as land requirement is about 20.9 m? for beef and 7.3 m? for pig. As a comparison, 1 gallon of gasoline
emits approximately 2.4 kg of CO; [35]. It means that consumption of 1 kg beef thus has a similar environment
impact as 6.2 gallons of gasoline, or driving 160 highway miles in the average American mid-size car. In 2002,
CO4e produced from livestock and poultry farming was around 982 million metric tons whereas it is going to be
approximately three times (2753 million metric tons) by 2050. Such a large amount of emissions undoubtedly
affects the global climate. Scarborough et al., (2014) reported GHG emissions in kg of COze per day (d) which
were 7.19 for high meat-eaters (>=100 g/d), 5.63 for medium meat-eaters (50- 99 g/d), 4.67 for low meat-eaters
(<50 g/d), 3.91for fish-eaters, 3.81for vegetarians and 2.89 for vegans [36]. This data shows that GHG
emissions in high meat-eaters are approximately twice as high as those in vegans.

V. ENVIRONMENTAL IMPACT

The environmental impacts of the human diet are mainly depends on the type of diet consumed, its quantity, and
origin. Dairy products, eggs, fish, and meat have the higher environmental impacts, while starchy products,
vegetables, legumes, and fruits have the lower impacts [37, 38]. Global warming is directly related to the
concentration of GHG in the atmosphere and global warming further leads to climate change. As the demand of
livestock products and meat will grow in future the production of CO.e responsible for climate change will also
increase. Livestock products are associated with higher GHG emissions than plant-based products (such as
vegetables, cereals, and legumes) with the exception of those transported by airplanes [39]. Currently, the global
food system is estimated to contribute to 30% of global GHG emissions. With the rise in global population, the
consumption of most resource-intensive food products (dairy and meat) will increase and further accelerate the
environmental losses [1]. According to different studies carried out in UK [40], Netherlands [41] and Sweden
[42], dairy and meat products account for over 50% of the GHG emissions associated with food in each country.
In UK, drinks and sugary foods contribute around 20% of emissions. The other dietary components vary by
country while bread, pastry and flour account for around 10% of emissions as do potatoes, fruit and vegetables.
Latin America has the highest regional GHG emissions (per capita) mainly due to large cattle populations in the
beef exporting countries [43]. Cattles produce a large amount of CH4, a potential global-warming gas, into the
atmosphere. A dairy cow produces about 75 kg of CH4 per year, equivalent to over 1.5 metric tons of CO3. CHa4
is about 28 times more accountable for global warming than CO,. Globally, CH4 emission from livestock
contributes around 6% of GHG [44]. Cow, sheep and goat emit CH4 through the digestive process. That is why
atmospheric concentrations of CH4 increased by 150% over the past 250 years, while CO, concentrations
increased by 30%. As meat and dairy products consumption increase, CH4 emission is predicted to raise by up
to 60% by 2030 [45] which is would be the serious environmental impacts in near future.

Figure 1 shows inter-relationship of human diet with carbon footprints and climate change. The carbon footprint
associated to non-vegetarian’s diet is about twice the vegetarian’s and vegan’s diet. It means that non-
vegetarians are contributing more for climate change which further leads to ecological imbalance, natural
disasters, global food insecurity, biodiversity loss and social & economical issues.
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Figure 1: Inter-relationship between human diet, carbon footprint and climate change

Raising and feeding of livestock introduce an additional trophic level in the food chain, and each trophic level
leads to loss of energy and matter, thus reduce the efficiency of the production. [46]. Figure 2 show the two
pathways (a & b) for the transfer of food energy from producers (plants) to man. In first case ‘a’, food energy is
directly transferred from plants to man i.e., no intermediate trophic level (stage) is there but in case ‘b’, first of
all plant’s food energy is transferred to livestock (animals) after that it get transferred to man. This can be better
explained by the ‘10% rule’. In an ecosystem, plants capture and transform light energy from the sun and
transfer this energy throughout the system subject only to the consequences of the second law of
thermodynamics. The second law states that entropy (disorder) in the universe is constantly increasing and that
during energy conversions, energy changes to less organized and useful forms. During each conversion stage,
some energy is lost as heat. Therefore, the more conversions taking place between the capture of light energy by
plants and the trophic (feeding) level being considered, the less the energy available to that level. In general,
efficiency of the transfer along food chains is less than 10% because 90% of the available energy is lost to
surrounding environment. At each trophic level within the system, only a small fraction of the available energy
is used for the production of new biomass, most is used for respiration and body maintenance. A common
ecological measure of efficiency is the trophic-level efficiency, the ratio of production at one trophic level to
that of next lower trophic level. This is never very high and rarely exceeds 10%, more typical values being only
1-3% [47]. To meet out the growing demand of meat (as in case ‘b’), additionally more crop, food grains,
cereals, water, land, and energy are required for the growth and reproduction of livestock which further lead to
emission of GHG. This additional GHG emission significantly increases global warming and climate change.

Plants/Trees @
Solar energy (Grains, cereals, seeds, vegetables, fruits etc.) > Man
A
v
Livestock ()

(Cow, hen, pig, etc.)

Figure 2: Trophic level(s) in vegetarian’s (‘a’) and non-vegetarian’s (‘b’) diet

Furthermore meat production requires up to 10 times the quantity of resources (land, energy, and water) relative
to equivalent amounts of vegetarian food [48, 49]. The rearing of livestock for meat, eggs and milk utilizes 70%
of agricultural land [50]. Over the next 50 years, this projected growth in meat production will cause a serious
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challenge to the environment. More meat production means more land resources (for housing and crop
production) will be required for additional livestock which further cause increased soil erosion, water pollution,
wildlife habitat degradation, and increased use of pesticide and fertilizer inputs. According to the United
Nations, raising animals for food production (including land used for grazing and to grow feed crops) uses about
30% of the available land. It is obvious that livestock farming has excessive pressure on land. In Netherlands,
20.9, 8.9, and 7.3 m? of land is required to produce 1 kg of beef, pork and broiler, respectively [34]. If same
model is followed, the total land used for meat production was 2.53 million km? in 2002 whereas it is estimated
to be 6.59 million km? by 2050, which is more than 2.5 times. More than 20% of all water consumed is used to
grow grain to feed livestock [50]. According to Mishra (2012), it takes more than 2,400 gallons of water to
produce 1 pound of meat, while to grow 1 pound of wheat, 25 gallons of water is required. A vegan diet requires
around 300 gallons of water per day, while a typical meat-eating diet requires more than 4,000 gallons of water
per day [51]. The production of 1 kg of animal protein requires about 100 times more water than 1 kg of grain
protein production [52]. Livestock directly requires only 1.3% of the total water used in agriculture but when the
water required for forage and grain production is included, the water requirements for livestock production
significantly increase. [53]. But the environmental impact of consuming sea food may either relatively low or
very high, depending on whether it originate from aquaculture or wild catch, species, production efficiency etc.

[9]

V1. CONCLUSION

On the basis of above discussion, it is clear that the current scenario of food production and consumption,
mainly non-vegetarian, is not environmentally sustainable. Hence, there is an urgent need to consume low
carbon footprint diet (vegan or vegetarian) that have lower environmental impacts. Environmental issues such as
global warming and climate change can be minimized by adopting vegetarianism or by lowering the
consumption of meat and other animal based products. It should be mandatory on the part of government to
label carbon footprint value on food products that would further helpful for consumers to choose low impact
food products. In this context, environmental educationist can play a vital role by awaring the children/students
through environmental education.
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