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WATER, ENERGY AND FEED: THE TRIFECTA FOR FOOD SECURITY

W.L. BRYDEN'

Summary

The massive increase in the human population that has occurred over the last century is
precipitating a cascade of environmental, economic, political and cultural changes that have
far-reaching implications for the provision of an adequate global food supply. In the future
our food will need to be produced more efficiently. Increased agricultural productivity must
come from a reduced land area and resource base. Arable land continues to be lost due to soil
degradation and urbanisation. We will need to be less dependent on resources that are
becoming scarce, like arable land and water, or more costly, like energy and petrochemical-
based inputs, including fertilizers. It is how we manage the nexus between water, energy and
feed that is our biggest challenge for global security of animal-sourced food products.

I. INTRODUCTION

The world population exceeds 7 billion and is expected to climb to between 9 and 10 billion
by the middle of this century and then stabilise and perhaps decline (Lutz and Samir 2010). It
is the massive increase in the number of humans that has occurred over the last century,
which is precipitating a cascade of environmental, economic, political and cultural changes
that have far-reaching implications for life on earth and for food security. To make matters
worse, this is occurring at a time of rapid climate change.

Food is fundamental for human existence and health but many of the world’s
inhabitants experience ongoing hunger. For some this is due to drought, others war and for
many it is a lack of money to buy food. The United Nations, Food and Agriculture
Organization estimates that 850 million people worldwide are hungry and a greater number
suffer from nutrient deficiencies. Approximately one billion people have inadequate nutrient
intake, others excessive calorie intake. The challenge of preventing malnutrition will become
even greater as the global population grows to nearly 10 billion by 2050.

Not only is the global population increasing, but we are living longer and becoming
more affluent. Our demand for resources — particularly water, energy and food - increases
dramatically with economic growth. As incomes increase, diets become more energy-dense
and meat becomes a larger proportion of the diet (Godfray, 2011).The challenge of
preventing hunger and malnutrition will become even greater as the global population grows.
Water requirements for drinking and food production will increase, as will the energy
demand for food manufacture and distribution, and likewise for feed production and
transport.

While many of the resources we take for granted have yet to physically run out, the
perception of “peak” resources will have major impacts on political debate and commercial
behaviour. What is often overlooked is the high level of interdependence between resources,
especially as demand increases (Finley and Seiber, 2014). Increased prices for resources have
knock-on effects — including food cost and availability. The question is: how will it be
possible to maintain global resource security in a sustainable manner? Before addressing this
question it is important to discuss the relationship between food and human health. In this
paper, food refers to humans and feed refers to livestock and poultry. This distinction appears
in the title as it is my contention that maintaining a supply of animal-sources foods is
necessary for a balanced human diet. For this to be achieved, an adequate supply of animal
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feed is required. It is not possible in this paper to present more than an overview of these very
important and complex topics and interested readers should consult detailed reviews;
including, Cribb (2010), Finley and Seiber (2014), Bryden (2015) and Whitmee et al. (2015).

II. ANIMAL PRODUCTION AND HUMAN HEALTH

The link between human health and agriculture is through food; its sources, composition and
distribution. Food sources include both plant and animal and the availability and composition
of the latter is largely determined by the cost of plant-based feedstuffs. It is not surprising
therefore, that any consideration of population demographics demonstrates the importance of
agricultural production as a major determinant of public health (Matossian, 1989; Scholthof,
2003) as agriculture is the major source of our food. This would appear to be a straight
forward proposition, embracing the adage ‘we are what we eat’, especially in tribal societies.
However, the relationship between agricultural production and human health is complex in a
modern, developed society and measuring the impacts is difficult (Hawkesworth et al., 2010).
For non-infectious human disease, the major cause is malnutrition whether a lack of food or
excess consumption. Nutrient deficiencies are a major problem in many developing countries
while excess intake leading to obesity and metabolic disease is an epidemic in developed
countries. This double burden of nutrient deficiency and obesity is occurring simultaneously
in some societies as the population becomes more affluent (Amuna and Zotor, 2008).

For many years there has been an ongoing debate about the benefit or otherwise of
animal source foods, especially red meat consumption (see Givens, 2010). In the past, claims
of the detrimental effect of animal-sourced foods on human health have been made without
rigorous scientific investigation (Blaxter, 1991). There is no doubt, however, that animal
source foods, including lean meat, fish, poultry, eggs and milk, are an excellent source of
protein and micronutrients (Williams, 2007; Givens, 2010; Samman et al., 2012). It should
not be forgotten that humans evolved as ‘meat eaters’ (see Cordain et al., 2004). It is unlikely
that we will curb our appetite for meat. In many instances, the mechanism that allows
impoverished families to improve their income and wellbeing is access to livestock or poultry
(Delgado, 2003).

Animal products play an important role in the human diet and contribute about 16% of
energy and 38% of protein consumed globally (CAST, 1999). There has been a significant
increase in the demand for meat, milk and eggs over the last four decades (Speedy, 2003;
Thornton, 2010). This reflects, not only population increase but also increasing affluence and
what economists call Bennett’s Law: ‘as people become wealthier, they switch from simple
starchy plant diets to a more varied food input that includes a range of vegetables, fruit, dairy
products, and especially meat” Godfray (2011).

III. THE GLOBAL CHALLENGE

There is little doubt that the global demand for meat will increase and will need to be
produced more efficiently. Increased agricultural productivity must come from a reduced land
area and resource base. Arable land continues to be lost due to soil degradation and
urbanisation. We will need to be less dependent on resources that are becoming scarce, like
arable land and water, or more costly, like energy and petrochemical-based inputs, including
fertilizers. Some would argue that it is how we manage the nexus between food, water and
energy that is our biggest challenge for global food security (Finley and Seiber, 2014).
Conversely, the environmental impact of agriculture should not be forgotten. There is
no doubt that agriculture exerts considerable pressure on water supplies, especially when
irrigation is used. What form of energy will agriculture use in the future to produce, process
and transport our food? The impact of agriculture on plant and animal biodiversity and other
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ecosystem services also must be addressed. Pollination of crops by bees is an integral
component of agricultural production. Any disruption to this ecosystem service could have
devastating consequences for food production (see Whitmee et al., 2015).

Future food production must have vastly increased productivity, good environmental
practices and acceptance by society. Meeting these goals will require the effective use of
science, underpinned by rigorous research. This will require substantial public and private
sector investment; something which has been sadly lacking both in Australia and globally.

IV. THE TRIFECTA

To meet the needs of an additional three billion people over the next 35 years and to prevent
further escalation of global poverty, agricultural production must double during this time. In
meeting the increased demand for food, the interdependence between water, food and energy
will become more evident and highlight resource insecurities.

a) Water

It is often not appreciated how scarce fresh water is. Some 70% of the earth’s surface is
covered by water but only 3% of this volume is fresh water and of that, at least two thirds is
trapped in ice sheets. Most of the fresh water that is available for use is found in ground water
(0.76%) with only a very small portion in surface water (0.009%), distributed in lakes, rivers,
soil, and the atmosphere (Bidlock et al., 2004). For most resources there are alternatives but
not for water. Water is a scarce commodity, which becomes highly political when river water
flows and water re-use are raised as issues. Water scarcity is not only a social challenge but
also a commercial one. Consumers often fail to recognise that water is used throughout the
supply chain to produce goods and services. On a positive note, water is a renewable resource
and there is much to be gained by improving water-use efficiency.

b) Energy

Energy supply is fundamental to our way of life. Electricity is required in all links of the food
chain from fertiliser manufacture to grain harvesting and transport. Even our domestic water
supply requires electricity for treatment, pumping and wastewater collection. The generation
of water in thermal power plants requires vast quantities of cooling water and this may come
at the expense of agriculture.

The energy system is at the beginning of an inevitable transition, with increasing

contributions from renewable energy, energy efficiency and sustainable development.
Driving the transitions is a range of factors as outlined by Bentham (2015) including growing
prosperity, changes in resource availability, technology and cost developments, political
imperatives, shifting social norms and ever increasing environmental concerns. The two
fundamental and strongest influences behind the energy system transition is an increasingly
prosperous and growing global population, and concerns about climate change.
There is increasing international interest in moving away from the use of fossil fuels to
generate power to renewable resources like wind and solar. Biofuels are being increasing
produced in some regions as an alternative energy source but may have limited application as
this can create a three-way interaction between energy, food and water (Walker, 2010).

c) Nexus

It is obvious from the few points raised above that any improvements in the sustainability of
water, energy and food security must be done in a coordinated manner. There will need to be
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trade-offs including water for municipal supply and river flows with demand from
agricultural and thermoelectric industries; there will be competition between agriculture and
the demand for water from the hydroelectric sector and mining; the push to increase energy
security through development of biofuels will continue to be in competition with food
production for land and water. Climate change will accentuate these trade-offs.

V. OPTIONS AND POSSIBILITIES

Food production must increase substantially and cope with more severe climate events (2015
was the hottest year on record) and increased globalisation as more free trade agreements are
signed. The increased amount of food required will need to be produced with finite water
supplies on existing areas of arable land. Another “Green Revolution” is required but today’s
revolution must be different to overcome existing environmental, financial and societal
constraints. It is no longer possible or responsible to use unlimited water and chemical inputs
to increase production. Other approaches to food production and processing must be found
that use existing and new technologies in conjunction with appropriate social policies that are
sustainable.

a) Technology

Biotechnology with its evolving “omics” tools (genomics, proteomics, metabolomics), will
allow the development of new approaches to counter some of the complex problems we now
face. With these approaches it will be possible to fast track current crop plants with
agronomic traits such as yield and tolerance to environmental stress using the same or
diminished inputs and be able to withstand pathogen attack and potential contamination with
mycotoxins. The coming generation of crop plants may have value-added outputs such as
improved nutrient and food functionality and be sources for biomass for biofuel production
and human therapeutics.

Another important area that will undergo a major renaissance is microbial ecology
with the application of molecular biology techniques. While microbial ecology is not a new
concept, it is pivotal to understanding the presence and functioning of microbes in complex
and dynamic food environments, both outside and inside the gastrointestinal tract. As we
understand more about the complex and dynamic microbial ecology of foods, we will be in a
better position to manipulate those biotic and abiotic factors that enhance food quality and
human health. Similar improvements will be made to animal health.

The other platform that should permit a major leap forward is nanotechnology. It
holds promise for responding to the need for more precise management of resources such as
water and fertilizers, improving crop and livestock production, controlling pests, diseases,
and weeds, monitoring plant disease and environmental stresses, improving postharvest
technology, including waste management and food safety. It will allow the application of
precision agriculture in both developed and developing economies.

b) Social policy

New technologies will only succeed with consumer acceptance. The reluctance by some to
accept genetically modified organisms (GMOs) or vaccination, are examples, which highlight
the importance of having a “conversation”. This will require education and communication of
the benefits that will accrue from the application of new and appropriately tested
technologies. This will need to be achieved with a back-drop of increased consumer interest
in foods produced locally and organic agriculture. These “feel-good” approaches to
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agriculture will not overcome the food demands of the future but the more useful aspects of
these practices must be part of food production in the future.

The increasing urbanisation of the global community exacerbates this situation as
more and more people become isolated from the land and farming. Moreover, urban
populations are more vulnerable to disruptions in the food supply chain. Those in cities need
to understand where their food comes from. This will require education to explain the
importance that adequate nutrition has for human health. To maintain a viable food supply we
must be prepared to pay realistic prices and reduce waste throughout the food supply chain.
All of the required changes must be underpinned by inclusive national and international
government policies.

VI. IMPLICATIONS FOR THE FUTURE OF FOOD AND POULTRY PRODUCTION

Awareness of the implications of an ever-increasing human population is not a recent
phenomenon. It is a concern that has been voiced throughout human history (Malthus,
1798). Population concerns in the past have been overcome by breakthroughs in science that
have facilitated continued population growth, for example, the Green revolution and our
ability to combat most infectious diseases of plants and animals (Tribe, 1992). This has
secured our food supply and when coupled with improvements in human disease prevention
has allowed the human population to increase virtually unchecked (Lutz and Samir, 2010).
How many more people can be accommodated on the earth with increased rates of depletion
of finite resources (fossil fuel, arable land, phosphates, water) is a legitimate concern.
Moreover, as all those involved in poultry production appreciate, there is an optimum
stocking density and beyond that production declines or in the case of the human animal,
lifestyle diminishes or for those less fortunate, famine and pestilence consume them.

a) Feed production

As the demand for food grows, how will it be met? Following an in-depth, global and
regional analysis, Keyzer et al. (2005) have made projections which show that the greatest
demand will be for poultry meat, eggs, pork and dairy as Asia and Africa, the regions from
where the largest demand is expected, have limited scope for expanded grazing. On the basis
of their analysis, Keyzer et al. (2005) concluded that the world demand for cereal feed grain
would be significantly higher over the next 30 years than currently estimated. Given this
scenario, any factor that limits or reduces crop yields has the potential to significantly impact
on the supply of human food of both plant and animal origin. Climate change and plant
fungal diseases and associated mycotoxins have that capacity (Bryden, 2012).

The increased demand for animal products is accompanied by an increased utilisation
of resources and as Thornton (2010) has intimated, future patterns of animal product demand
will be modified by competition for resources, climate change, socio-cultural factors, ethical
concerns and technological developments. Notwithstanding these drivers of change there is
increasing concern about the competition between man and animals for the global supplies of
grain which has been exacerbated by the use of cereal grains, especially maize, for biofuel
production (Wu and Munkvold, 2008). It is not possible within the present paper to discuss
the complexities of this conflict between animals and man. It has been reviewed by others
(see Cheeke, 2004; Keyzer et al., 2005; Farrel, 2010; Swick, 2011). Likewise the global
capacity to meet the increasing demand for cereal grains that will require both increased
yields and cropping intensity has been the subject of numerous reviews (see Tester and
Langridge, 2010; Gregory and George, 2011).
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b) Poultry production

Poultry products, especially meat and to a lesser degree eggs, have been major leaders as the
global demand for animal sourced products has increased. Australia’s quarantine laws have
shielded the local industry from many of the pressures of globalisation. Nevertheless to retain
its competitive edge, the local industry must develop strategies to deal with scarcity of
essential resources. Moreover to maintain public confidence it must think globally and act
locally.

The environmental impact generated by the poultry industry is primarily from feed
production, the utilization of fossil fuels, and manure management. While the industry has
limited control over the production of the feed that is used on farm, other GHG emissions
occur on farms that are under its control. These emissions may be in the form of purchased
electricity, propane used for heat and incineration of dead birds, diesel used in farm
equipment (including generators), and emissions from manure management. Currently, the
available data from actual Australian farm activities (Wiedemann and McGahan, 2011;
Wiedemann et al., 2012) that show the environmental impacts that occur are limited.
Nevertheless, improvements will be achieved through increased feed conversion efficiency,
use of alternative energy sources, use of spent litter and water recycling.

VII. GLOBAL ACCORD

In the future our food will need to be produced more efficiently with increased agricultural

productivity coming from a reduced land area and resource base. Maintaining global food

security will become much more difficult as the population increases. We must double food
production in a sustainable manner. Greater quantities of food will need to be produced with

reduced inputs of water, energy and nutrients on the same or reduced area of arable land in a

changing environment. To do otherwise will court significant human conflict.

The application of contemporary food production and processing practices, along with
scientific advances combined with appropriate social policies, can underpin sustainable
global food production systems. Clearly, the solution to the challenge of meeting future food
demands lies in increased agricultural productivity. Priority should be given to policies that
target sustainable intensive production by the use of carefully managed inputs of fertilizer,
water, and feed to minimize waste and environmental impact, supported by improved access
to markets, new varieties, and technologies. The attainment of water, food and energy
security will permit our food systems to evolve in a sustainable manner. To achieve this, a
number of areas (adapted from Cribb, 2010) must be addressed urgently:

e Science and research: There has been a global decline in agricultural R&D in the past
four decades. There is now an urgent need to redouble the agricultural research effort.
The new food producing system has to be science-based with low resource input. To
ensure this occurs there must be definable career paths to encourage the next generation
to enter agriculture and food research.

e Economics and education: Increased economic development is required in developing
countries hand-in-hand with education. These improvements will ultimately decrease the
birth rate. In many economies, women manage the food cycle and their recognition and
education should be a priority. In developed econ