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Abstract.  
Energy, water and food were and still are three interwoven and major 
elements that ensured human civilization‘s survival. This intricate relationship 
is known as the water-energy-food nexus (WEF). Energy sources played a 
crucial role for the development of mankind from the discovery of fire to the 
agricultural revolution and subsequently the industrial revolutions  of the last 
centuries. Human societies have developed over the centuries because of 
access to abundant and safe energy sources. But environmental problems 
generated from the development of high-carbon energy fossil fuels, became 
lately a threat of climate change and rising sea water levels in most parts of 
the Earth. The world of energy systems is entering a new historical period with 
fundamental shift to low-carbon energy sources. Renewable energy sources 
witnessed unprecedented growth in the last decade. Decarbonization, CO2 
sequestration and storage are also essential in the near future. Agriculture 
and the food industry (the agri-food sector) are changing dramatically in the 
last decades to meet sustainable goals and better efficiency. There are high 
expectations for reduction of the 50% of the plant-habitable surface of the 
planet used by agriculture and reduction in the use of 70% of fresh water. 
World is focusing in present agriculture which is responsible for 30% of 
greenhouse gas (GHG) emissions], while farmers can increase carbon 
sequestration by environmentally practical steps that increase crop residues 
and organic matter stored in the soil. Also, expansion of forests and other 
improved biological sinks can reduce CO2. Fresh water is at the core of 
sustainable development and is critical for socio-economic development, 
healthy ecosystems and for human survival itself. Fresh Water is also at the 
heart of adaptation to climate change, serving as the crucial link between the 
climate system, human society and the environment. Water is a finite and 
irreplaceable resource that can be protected and can be renewable if well 
managed. Today, 1.7 billion people live in river basins where depletion 
through use exceeds natural recharge, a trend that will see 2/3 of the world‘s 
population living in water-stressed countries by the next decade. Lack of 
adequate freshwater can pose a serious challenge to sustainable 
development in less-developed countries. 

mailto:valavanidis@chem.uoa.gr
https://www.sciencedirect.com/topics/engineering/energy-engineering


 

2 

 

Introduction: Water-energy-food nexus, critical domains for 
sustainable development in the 21st century 

 

From the beginning human society structures were shaped by the use 

of cheap and reliable energy sources, water (including fresh drinking) and 

food. Since the industrial revolution, the impact of fossil fuel (coal, oil, natural 

gas) use for energy have further defined the economic and social structure in 

most countries and the relationship toward the natural environment. The 

distinguished feature of human societies was their development over the 

centuries because of abundant and safe access to efficient energy sources. 

But energy extraction and use can have negative environmental 

consequences contributing towards the deteriorating events of climate change 

and increased surface temperatures. Use of abundant energy helped to grow 

adequate food for the population (7,8 billion in 2019) and decontaminated 

clean water, were for centuries the three critical domains safeguarding 

humanity‘s development and economic growth.1-3  

 

Figure 1. Water-energy-food (WEF) were and still are three major elements 
that ensured human survival on Earth and development of mankind. With 
global drivers such as population growth, climate change, changing 
consumption patterns, and urbanization, there are ever increasing demands 
for reliable energy, clean fresh water, and dependable food resources [Clean 
Energy Solutions, https://cleanenergysolutions.org/ resources/energy-water-
food-nexus/ integrated-approaches ]. 

https://cleanenergysolutions.org/%20resources/energy-water-food-nexus/%20integrated-approaches
https://cleanenergysolutions.org/%20resources/energy-water-food-nexus/%20integrated-approaches
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The idea of the water–energy–food nexus was launched in earnest 

since at least the Bonn 2011 Nexus Conference, when the German Federal 

Government organized the international conference ―The Water, Energy and 

Food Security Nexus—Solutions for the Green Economy‖ to contribute to the 

United Nations Conference on Sustainable Development (Rio + 20). 

 

 

Since the first Global Change Open Science Conference in 2001, 

international global environmental research has been promoted through the 

Earth System Science Partnership (ESSP) based on four programs on global 

environmental change including (1) the International Geosphere–Biosphere 

Programme (IGBP), (2) the International Human Dimension Programme on 

Global Environmental Change (IHDP), (3) the International Programme on 

Biodiversity Science (DIVERSITAS), (4) the World Climate Research 

Programme (WCRP) (EESP , Earth System Science Partnership), 2015). In 

2013, Future Earth was initiated as the global research platform supported by 

the Science and Technology Alliance for Global Sustainability comprised of 

International Council for Science (ICSU), the International Social Science 

Council (ISSC), the Belmont Forum, Sustainable Development Solutions 

Network (SDSN), the United Nations Educational, Scientific and Cultural 

Organization (UNESCO), the United Nations Environmental Programme 

(UNEP), UNU and World Meteorological Organization.4-6 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-environmental-change
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-environmental-change
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-environmental-change
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/international-geosphere-biosphere-program
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/international-geosphere-biosphere-program
https://www.sciencedirect.com/science/article/pii/S2214581815001251#bib0085
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/science-and-technology
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/unesco
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/unesco
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/unesco
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/world-meteorological-organization
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The water-energy-food nexus is central to sustainable development. 

The inextricable linkages between these critical domains require a suitably 

integrated approach to ensuring water and food security, and sustainable 

agriculture and energy production worldwide. Energy, water and food are 

proved by different studies to be three interwoven resources that are essential 

ingredients for human well-being. The three resources are interlinked and 

interdependent in such a way that any disturbance on any one of the three will 

affect the other two. Water and energy are important requirements in food 

production; energy is also important in water management (extraction, 

treatment and redistribution); and energy generation needs water. This 

intricate relationship is known as the water-energy-food (WEF) nexus.7-9 

Sustainable agriculture is the largest consumer of the world‘s 

freshwater resources and more than 30% of energy is used for food 

production, food processing industry, supply and distribution. Global 

projections indicate that demand for freshwater, energy and food will increase 

significantly over the next decades under the pressure of population growth 

and mobility, economic development, international trade, urbanisation, 

diversifying diets, cultural and technological changes, and climate change.10 

The world population doubled over the last 50 years to 7.8 billion 

people. Agricultural production more than tripled between 1960 and 2020, 

owing in part to productivity-enhancing Green Revolution technologies and a 

significant expansion in the use of land, water, energy and other natural 

resources. The same period witnessed a remarkable process of 

industrialization and globalization of food and agriculture.11 

Agriculture accounts for 70% of total global freshwater withdrawals, 

making it the largest user of water. Water is used for agriculture production, 

forestry and fishery, along the entire agri-food supply chain, and it is used to 

produce, transport and use all forms of energy. Cities, industry and other 

users, too, claim increasingly more water, energy and land resources, and at 

the same time, face problems of environmental degradation and in some 

cases, resource scarcity. This situation is expected to be exacerbated in the 

near future as 60% more food will be required to be produced in order to feed 

the world in 2050.12-14 
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Figure 2. The World Meteorological Organization (Geneva). Geneva has 
many international organizations as well as universities with strong orientation 
towards innovation, invention, research and development. WMO hosted the 
First Forum on the Water-Energy-Food Nexus at its headquarters in 2017 
exploring ways of harnessing the synergies of network of experts to achieve 
the Sustainable Development Goals in the water-energy-food nexus. 
 

Agriculture now occupies roughly 50% of the plant-habitable surface of 

the planet, uses 70% of extracted fresh water and, together with the rest of 

the food system is responsible for 25–30% of greenhouse gas emissions. 

Scientists estimated that 90% of global power generation is water-intensive. 

The expansion of industrial fishing fleets and a higher demand for seafood 

globally have led to the collapse or total exploitation of over 90% of the 

world‘s marine fisheries. A growing demand for land-based animal products is 

the primary driver of tropical deforestation. Through its direct and intermediate 

impacts, the food system is the largest contributor to the depletion of 

biodiversity. The agri-food sector is the world‘s largest economic sector and is 

therefore deeply entwined with poverty. As countries develop, the share of the 

population working in agriculture is declining. While more than 2/3 of the 

population in poor countries work in agriculture, less than 5% of the 

population does in rich countries. Similarly, productivity gains makes it 

possible to reduce the agricultural land needed to feed a given number of 

people. Globally, about 1 billion people work in the agricultural sector (~28% 

of the population employed in 2018). But if we take into account the food 

processing industries, distribution and commerce, then 50% of the global 

workforce is employed in the whole food industry sector. A majority of the 

world‘s poorest people are subsistence farmers and fishermen.15-19 

https://ourworldindata.org/yields-and-land-use-in-agriculture
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Global perspectives of energy systems for the 21st century 

 

The International Energy Agency (IEA, Paris) is at the heart of global 

dialogue on energy and the latest report gives us an authoritative view of the 

energy perspectives for the next 30 years until 2050. IEA was created in 1974 

and today it is at the center of the global energy debate, focusing on a wide 

variety of issues (electricity security, climate change, air pollution, energy 

access and efficient). The IEA through its reports provides authoritative 

statistics and examines the full spectrum of energy issues, advocating policies 

that will enhance the reliability, affordability and sustainability of energy in its 

30 member countries (mostly OECD countries).  

 

Figure 3. The global energy picture shows that coal, oil (petroleum) and 
natural gas still dominate the energy sources with 80% of the energy 
provided. Whereas, renewable energy sources despite the rapid expansion in 
the last decades are covering only 2% and hydropower 3%.  
 
 

The World Energy Outlook (WEO), the International Energy Agency‘s 

(IEA) flagship publication, provides a comprehensive view of how the global 

energy system could develop in the coming decades under the exceptional 

circumstances of the COVID-19 pandemic. The WEO 2020 is an authoritative 

report collecting data from all countries and dealing with international 

forecasts and perspectives of energy resources and future developments of 
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the next 10 years, but exploring in detail the impacts of the CoVID-19 

pandemic on the energy sector, and the actions that could accelerate the 

introduction of clean energy (renewable energy sources) transitions.20 

The World Energy Outlook report used two scenarios: the Stated 

Policies Scenario, which reflects today‘s (2020) announced policy intentions 

and targets, as global energy demand rebounds to its pre-crisis level in early 

2023. The Delayed Recovery Scenario is the second case of a prolonged 

pandemic and deeper world slump of the economy (affecting slower demand 

for energy resources and price fluctuations).20 

The WEO report uses both scenarios focusing on the future of 

renewables and their crucial role in preventing global warming and stop rising 

surface temperatures because of CO2 and other GHG emissions. Renewable 

energy sources [solar photovoltaic panels (PV), wind, tidal, hydropower, 

hydrogen, low carbon biofuels, geothermal, etc] take starring roles in all 

scenarios, with solar and wind powers centre stage. According to the report, 

maturing technological advances of the last decade for renewable energy are 

enabling very cheap access to capital. Solar PV is now consistently cheaper 

than new coal- or gas-fired power plants in most countries, and solar projects 

now offer some of the lowest cost electricity ever seen.  

 

Figure 4. The Three Gorges Dam, a gigantic hydropower project on the 
Yangtze river in central China‘s Hubei province. (Photo by STR/AFP via Getty 
Images). The dam generates an average 95±20 TWh of electricity per year, 
depending on annual amount of precipitation in the river basin. After the 
extensive monsoon rainfalls of 2020, the dam's annual production reached 
~112 TWh [1 terawatt hour (TWh) = 1 trillion watt hours]. 
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All estimates from most developed countries indicate that renewable 

energy sources will meet 80% of global electricity demand growth over the 

next decade. Already some countries have achieved 40-50% of their 

electricity produced from renewables. As is expected Hydropower remains 

the largest renewable source of energy, but solar is the main source of 

growth, followed by onshore and offshore wind. It is predicted that the growth 

in the next decades of both solar and wind power for electricity would be even 

more spectacular and hugely encouraging for overcoming the world‘s climate 

challenges. Electricity production from hydropower has increased by around 

60% since 2000, and is  expected to remain the largest source of renewables 

for decades. Around 1,000 dams are under construction, largely in Asia.20  

The IEA expects hydropower generation to rise another 50% by 2040. 

Hydropower supplied around 16% of global power in 2019 (3 times the 

generation of wind power and 6 times that of solar). [Energy Monitor, Febr. 

2021, https://energymonitor.ai/technology/can-hydropower-be-part-of-a-clean-

energy-future ]. The report World Energy Outlook-2020 shows that strong 

growth of renewables needs to be paired with robust investment in electricity 

grids. Without enough investment, grids will prove to be a weak link in the 

transformation of the electricity power sector, with implications for the 

reliability and security of electricity supply in the big cities and industry.  

Also, the world needs Smart grid technology and extensive 

electricity storage facilities that enable the effective management, 

distribution of renewable energy sources and reliable electricity systems for 

storing energy when needed. The smart grid connects a variety of distributed 

energy resource assets to the power grid in an effective, reliable and constant 

power supply. The smart grid is essential to keep data centres and flow of 

information working continuously. A truly energy efficient and sustainable 

society requires intelligence embedded at all levels within energy production 

and consumption systems. The smart grid is essential if major consumption 

locations, ranging from individual buildings to larger collection of buildings 

(such as campuses or cities) don‘t have a comparable level of intelligence.
21  

https://www.iea.org/data-and-statistics/charts/electricity-generation-by-fuel-and-scenario-2018-2040
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://energymonitor.ai/technology/can-hydropower-be-part-of-a-clean-energy-future
https://energymonitor.ai/technology/can-hydropower-be-part-of-a-clean-energy-future
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Figure 5. Solar photovoltaic (PV) could surge ahead of coal and gas to 
become the largest source of installed power capacity in the world in the next 
two decades. As long as countries pursue stated policies and targets (IEA) 
World Energy Outlook 2019). Wind power generation for electricity also will 
increase substantially, an unlimited, free, renewable resource. 

 

 

Figure 6. Renewable energy systems need smart electricity grids for essential 
reliability and security of electricity supply in the big cities, industry, etc. Smart 
grids will play also an important role in providing security for transferring 
digital data all over the world without disruption.  
 
 

The WEO 2020 report focused on the analysis of the contribution that 

the Information and Communication technologies (ICT) sector applied to 

Smart Grids can bring to mitigation of climate changes, through its 

application within more rational and efficient energy systems, with a particular 

https://www.iea.org/weo2019/
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emphasis on the requirements of the networking infrastructures, architectures, 

and power consumption. On the other hand, it will also highlight the mutual 

benefit that the advent of the Smart Grid may have on ICT, by fostering ICT 

energy efficiency and by allowing a much more flexible, economical and 

efficient energy provision for ICT equipment. 

The 4th industrial revolution (Industry 4.0 as is called) has paved the 

way for a systematical deployment of the modernized power grid to manage 

continuously growing electrical energy demand by integrating renewable 

energy resources. Scientists project that in the near future Smart Grid will  

employ advanced Information and Communication Technologies, intelligent 

information processing and future-oriented techniques that will  allow energy 

utilities to monitor and control power generation, transmission and distribution 

processes in more efficient, flexible, reliable, sustainable, decentralized, and 

secure without interuptions.22  

 

Energy storage essential to integrate variable renewable 
energy sources for electricity 
 

The deployment in the future of smart power grids is essential to 

manage continuously growing electrical energy demand from integrative 

renewable energy resources and supported by technologically advanced 

energy storage facilities. But efficient storage is a dominant factor in the 

integration of renewable sources, playing a significant role in maintaining a 

reliable electricity system (with minimum outages). Storage can reduce power 

fluctuations, enhances the electric system flexibility, and enables the storage 

and dispatching of the electricity generated by variable renewable energy 

sources such as wind and solar. Already, different storage technologies are 

used in electric power systems. Research is focusing on hydrogen, lithium 

batteries and flywheel storage used in renewable energy systems such as 

solar photovoltaic and wind power plants. 

As an example, in February 2021 the Danish government (signed a 

declaration of the cooperation with Germany and the Netherlands) has 

approved plans for the construction of the first artificial ―energy island‖ in the 

https://www.sciencedirect.com/topics/computer-science/information-and-communication-technologies
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North Sea. The island covers an area of 120,000m², equivalent to 18 football 

fields. Once completed, it would store and supply energy to power nearly 3-5 

million European households. It would also supply green hydrogen for 

shipping, aviation, industry and heavy transport sectors. This energy hub has 

an investment of approximately $34 billion. It will involve installation of 

approximately 200 wind turbines with a combined capacity of 3GW. The latest 

move comes as the European Union announced transformation of its 

electricity system to mostly rely on renewable energy within ten years. It will 

also increase its offshore wind energy capacity approximately by 25 times 

before 2050. The project is part of Denmark‘s target to cut greenhouse gas 

emissions by 70% by 2030 from 1990 levels. 

 

Figure 7. February 2021. Denmark has reached a landmark agreement on 

the construction of an energy hub (artificial island) in the North Sea, to 

integrate European grids and accommodate more offshore wind planned in 

nearby waters. [Renewable Biz https://renews.biz/66245/denmark-gives-nod-

to-offshore-energy-hub/].  

 

Innovative energy storage solutions will play an important role in 

ensuring the integration of renewable energy sources into the grid in the EU at 

the lowest cost, according to a new study published by the European 

Commission. This will help the EU to reach its 2050 decarbonisation 

objectives under the European Green Deal while ensuring Europe‘s security 

of energy supply.23 

https://renews.biz/66245/denmark-gives-nod-to-offshore-energy-hub/
https://renews.biz/66245/denmark-gives-nod-to-offshore-energy-hub/


 

12 

 

 

Figure 8. New battery storage technologies represent a ‗tipping point‖ for the 
wind and solar power generation sector. The emergence of lithium-ion 
batteries and other new energy storage technologies could provide the push 
required to transform renewable energy sources into the world‘s largest 
source of electric power generation. 

Innovative energy storage solutions will play an important role in 

ensuring the integration of renewable energy sources into the grid in the EU at 

the lowest cost, according to a new study published by the European 

Commission. This will help the EU to reach its 2050 decarbonisation 

objectives under the European Green Deal while ensuring Europe‘s security 

of energy supply.23 

The European Green Deal is a set of policy initiatives by the European 

Commission with the overarching aim of making Europe climate neutral in 

2050. It involves reducing EU's greenhouse gas (GHG) emission target for 

2030 to at least 50% and towards 55% compared with 1990 levels. All these 

efforts in the context of the Paris Agreement, using today's emissions as 

baseline. The plan includes potential carbon tariffs for countries that do not 

curtail their GHG pollution at the same rat (under a mechanism called the 

Carbon Border Adjustment Mechanism). The European Green Deal includes 

a circular economy action plan, a review and possible revision (where 

needed, including the Emissions Trading System), a Farm to Fork strategy 

which will reward farmers for managing and storing carbon in the soil, and 

improved nutrient management, a revision of the Energy Taxation Directive 

https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/Climate_change_in_the_European_Union#Greenhouse_gases_emissions
https://en.wikipedia.org/wiki/Carbon_tariff
https://en.wikipedia.org/wiki/Circular_economy
https://en.wikipedia.org/wiki/European_Union_Emission_Trading_Scheme
https://en.wikipedia.org/wiki/Energy_Taxation_Directive
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(looking closely at fossil fuel subsidies and tax exemptions in aviation and 

shipping), and an EU forest strategy (effective afforestation, and forest 

preservation and restoration in Europe).
24 

 

Electricity generated from coal. Can be phased out? 

Coal dominated in the last decades the generation of electricity 

worldwide, especially in China, USA, UK, Germany, Australia, South Africa 

and India. Coal is the most carbon intensive fossil fuel and phasing it out is 

a key step to achieve the emission reductions needed to limit global 

warming to 1.5°C, as enshrined in the Paris Agreement. The big question 

is, how fast does coal need to be phased out in order to meet the 

objectives of the Paris Agreement, according to predictions from the 

Intergovernmental Panel on Climate Change (IPCC)? 

 
 
Figure 9. In 2020, it is hoped that renewable energy sources will overtake 
fossil fuels as the European Union's main source of electricity for the first 
time. [The European Power Sector in 2020. Up-to-Date Analysis on the 
Electricity Transition. ember-climate.org. Ember and Agora Energiewende. 
25 January 2021]. 
 
 

Coal-fired power plants currently fuel more than 30% of global 

electricity and figures from the IEA show that coal will still generate 22% of 

the world's electricity in 2040. Meanwhile, electricity generated from coal 

https://en.wikipedia.org/wiki/Fossil_fuel_subsidies
https://en.wikipedia.org/wiki/Aviation_fuel#Tax
https://en.wikipedia.org/wiki/Environmental_impact_of_shipping
https://en.wikipedia.org/wiki/Afforestation
https://ember-climate.org/wp-content/uploads/2021/01/Report-European-Power-Sector-in-2020.pdf
https://ember-climate.org/wp-content/uploads/2021/01/Report-European-Power-Sector-in-2020.pdf
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has plateaued since 2014, because countries (China, USA) want to reduce 

CO2 emissions. Also, coal is finding competition from other energy sources. 

It is now cheaper to build new wind and solar installation s than to keep 

running old fashion of existing coal plants. Already 19 countries of the 

world‘s 80 coal-powered electricity countries plan a complete phaseout of 

the fuel, including the UK and Germany. Global coal use must fall by 

around 80% this decade if global warming is to be limited to less than 1.5C 

above pre-industrial temperatures.25  

Expert analysis with models and supported by vast amounts of data 

and trends showed that in the next 20 years fossil fuels (coal, petroleum, 

natural gas) will face varying challenges. Coal demand will be reduced 

substantially, with its share in the 2040 energy mix falling below 20% for the 

first time since the Industrial Revolution.25  

In 2019 China was responsible for 50% of the world‘s production and 

consumption of coal for electricity, but it is no longer a major source of 

demand growth. In fact, Chinese coal consumption stopped growing after 

2013. The Covid-19 outbreak triggered a marked decline in coal demand in 

China. Also, industrial production fell sharply, automobile production declined 

by almost 50% and cement production by 30%. A similar trend is occurring in 

the USA. In 2009, coal‘s share in the U.S.A power mix was 45%, with natural 

gas at 23%. By 2019, U.S. coal‘s share had fallen to 24%, while gas now 

accounted for 38% of power generation. Expanding renewables in the US 

further squeezed coal out of the market. In the European Union, coal 

demand fell by more than 20% in the first quarter of 2020. The Covid-19 and 

shrinking electricity demand during lockdowns added pressure on coal use, 

already falling because of low gas prices, a mild winter and increasing 

renewables output. In India, the coal demand is reduced substantially in 

2020. Electricity demand and industrial production declined significantly 

leading to a new decline in India‘s coal use in 2020.26 

But world demand for natural gas (methane, CH4) will grow 

significantly, mainly in Asia countries, while fossil oil (petroleum, diesel, etc) 

will remain vulnerable to the major economic uncertainties resulting from the 

covid-19 pandemic. Based on today‘s policy settings (2020), a global 

https://carbontracker.org/reports/how-to-waste-over-half-a-trillion-dollars/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700613/powering-past-coal-declaration.pdf
https://www.carbonbrief.org/countdown-to-2025-tracking-the-uk-coal-phase-out
https://www.carbonbrief.org/analysis-how-far-would-germanys-2038-coal-phaseout-breach-paris-climate-goals
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economic rebound (after the pandemic) would soon push oil demand back to 

pre-crisis levels (predicted in World Energy Outlook 2020).20 

According to WEO 2020 report, the worst effects of the crisis will be felt 

among the most vulnerable Third World countries. Global data showed that 

940 million (13% of the world) do not have access to electricity and .3 billion 

(40% of the world) do not have access to clean fuels for cooking (they used 

wood and poor quality coal, charcoal and peat that produce excess smoke 

and comes at a high health cost for indoor air pollution. [Our World Data, 

2020, https://ourworldindata.org/energy-access ]. 

Increasing demand for electricity inevitably will increase global 

emissions of CO2, but they will bounce back more slowly than after the 

financial crisis of 2008-2009, but the world is still a long way from a 

sustainable recovery. A step-change in clean energy investment offers a way 

to boost economic growth, create jobs and reduce emissions. This approach 

has not yet featured prominently in plans proposed to date, except in the 

European Union, the United Kingdom, Canada, Korea, New Zealand and a 

handful of other countries. 

 

 
Figure 10. The global electricity generation mix in 2018 compared to what it 
could be in 2040 under two possible scenarios are shown in these pie charts. 
The International Energy Agency‘s (IEA‘s) ―Stated Policies‖ scenario factors in 
current and already announced policies, whereas the ―Sustainable 
Development‖ scenario is aligned with the Paris Agreement, [global average 
temperature to well below 20C above pre-industrial levels and pursuing efforts 
to limit the temperature increase to 1.5oC]. Source: IEA, WEO2019. 
 

https://ourworldindata.org/energy-access#access-to-electricity
https://ourworldindata.org/energy-access#access-to-electricity
https://ourworldindata.org/energy-access#access-to-electricity
https://ourworldindata.org/energy-access
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In the Sustainable Development Scenario, which shows how to put 

the world on track to achieving sustainable energy objectives in full, the 

complete implementation of the IEA Sustainable Recovery Plan moves the 

global energy economy onto a different post-crisis path. As well as rapid 

growth of solar, wind and energy efficiency technologies, the next 10 years 

would see a major scaling up of Hydrogen (clean energy, H2) and carbon 

capture (needs vast investment and efficient technological advances), 

utilisation and storage, and new momentum behind nuclear power.  

 

Is Nuclear power a sustainable energy source? 

 

The first commercial nuclear power stations started operation in the 

1950s. Nuclear power energy now provides about 10% of the world's 

electricity from about 440 power reactors worldwide. Nuclear power 

generation is the world's second largest source of low-carbon power (29% of 

the total in 2018). Over 50 countries have nuclear plants that generate nuclear 

energy in about 220 research reactors. In addition to research, these reactors 

are used for the production of medical and industrial isotopes, as well as for 

training of scientists.27 

There is no technology that is fully without risk to people or the 

environment. For example, whilst low-carbon sources of energy do not emit 

carbon dioxide (CO2) at the point of use, they are responsible for emissions 

and waste during construction, manufacturing and decommissioning. As such, 

any energy technology‘s compatibility with sustainable development 

objectives must be assessed in relative terms – in the light of the alternatives. 

As the only proven, scalable and reliable low-carbon source of energy, 

nuclear power will be required to play a pivotal role if the world is to reduce its 

reliance on fossil fuels to address climate change and chronic air pollution. 

More broadly, however, the proposition of nuclear power as a sustainable 

energy source is fundamentally robust due to its innate energy density, and its 

internalisation of health and environmental costs. Using nuclear energy has 

numerous sustainability advantages relative to alternative forms of generation. 

By expanding its use, modern and affordable energy can be provided to all 
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who currently lack access, whilst reducing the human impact on the natural 

environment, and ensuring that the world‘s ability to meet its other sustainable 

development goals is not curtailed.28 

 

Energy sector can achieve Net Zero Emissions in 2050, but  
with additional decarbonisation, carbon capture and storage 
 

Decarbonising the power sector means reducing its carbon intensity: 

that is, reducing the emissions per unit of electricity generated (often given in 

grams of carbon dioxide per kilowatt-hour). A significant part of those efforts 

would have to focus on reducing emissions from existing energy infrastructure 

(coal plants, steel mills and cement factories). Otherwise, international climate 

goals will be pushed out of reach, regardless of actions in other areas. 

Detailed new analysis in the WEO-2020 report shows that if today‘s energy 

infrastructure continues to operate in the same way as it has done so far, it 

would already lock in a temperature rise of 1.65 °C. 

Despite such major challenges, the vision of a net-zero emissions in 

the world is increasingly coming into focus. The ambitious pathway mapped 

out in the Sustainable Development Scenario relies on countries and 

companies hitting their announced net-zero emissions targets on time and in 

full, bringing the entire world to net zero by 2070. Reaching that point two 

decades earlier, as in the new Net Zero Emissions by 2050 case, would 

demand a set of dramatic additional actions over the next 10 years. Bringing 

about a 40% reduction in emissions by 2030 requires, for example, that low-

emissions sources provide nearly 75% of global electricity generation in 2030, 

up from less than 40% in 2019. Also, the transport sector must change 

dramatically, more than 50% of passenger cars sold worldwide in 2030 must 

be electric, up from 2.5% in 2019. All energy sectors must be reduce their 

footprint on carbon economy to achieve the challenging targets.29 

Climate scientists and energy experts agree that there is no greater 

challenge facing all nations on Earth than the climate crisis in the next 30 

years. It is hoped that all countries will combine their efforts for the 

international goal of net-zero carbon emissions by 2050. Currently, nearly 
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40% of all CO2 pollution comes from power plants burning fossil fuels. The 

replacement with renewable energy sources is fundamental, but in addition 

must be supported by investing in other methods of the so called 

Decarbonisation. There is also another international initiative called Deep 

Decarbonisation for net-zero targets. 

 

 

Figure 11. The United Kingdom (UK) Government have unveiled a new 
legally binding target to be net-zero carbon by 2050, replacing the old 80% 
emissions reduction pledge that came from the 2008 Climate Change Act. It is 
the first country, of those historically responsible for GHG emissions, to set 
this kind of zero carbon goal. [https://carbonliteracy.com/uks-2050-zero-
carbon-target/ ]. 

 

The Deep Decarbonisation Pathways Project (DDPP) is an initiative 

of the United Nations Sustainable Development Solutions Network (UNSDSN) 

and Institute for Sustainable Development and International Relations 

(IDDRI). The Deep Decarbonisation Pathway Project (DDPP) team identified  

four pillars of a net-zero system: electricity decarbonization, energy efficiency, 

electrification, and carbon capture. Each pillar complements the others and 

efforts must be made in all four to efficiently reach a net-zero economy. 

Energy experts agree that a decarbonised power sector, dominated by 

renewable sources, is at the core of the transition to a sustainable energy 

future. The share of renewable energy in the power sector must increase from 

25% in 2017 to 85% by 2050, mostly through growth in solar and wind power 

generation.30  

Carbon Capture (or sequestration) and Storage have a crucial role 

to play in net-zero emissions. Without carbon capture and storage, the IEA 

https://carbonliteracy.com/uks-2050-zero-carbon-target/
https://carbonliteracy.com/uks-2050-zero-carbon-target/
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estimates that the delivery cost of meeting a 50% global emissions reduction 

target by 2050 will be 70% higher and difficult to achieve. 

 

Methods of carbon sequestration 

The Kyoto Protocol (adopted in 1997) under the United Nations 

Framework Convention on Climate Change allows countries to receive credits 

for their carbon-sequestration activities in the area of land use, land-use 

change, and forestry as part of their obligations under the protocol. There are 

two basic methods of carbon sequestration: direct and indirect. The direct 

method is implemented by immediately binding carbon compounds at the 

source of its formation—before it enters the atmosphere. Bounded carbon is 

stored for a long period of time in specially designated landfills that are 

properly protected and environmentally friendly. The second method of 

sequestration—indirect—involves the use of plants that bind CO2 in 

photosynthesis or when carbon compounds are bound in a soil environment. 

In these methods, sequestration can take place involving physical, chemical, 

or biological processes and their recent technological advancements. 

 

 

Figure 12. Carbon sequestration is the process of capturing and storing 
atmospheric CO2. Reducing the amount of CO2 in the atmosphere is 
fundamental to reduce global temperatures and mitigate climate change. The 
two major types of carbon sequestration are geologic and biological. 
 
 

https://www.britannica.com/event/Kyoto-Protocol
https://www.merriam-webster.com/dictionary/protocol
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Mineral carbonation, is based on the formation of carbonate compounds as 

a result of the reaction of CO2 with minerals or mineral waste. Thanks to this 

method, captured carbon can be stored for many years, thus ensuring safety 

for the environment and people. Advanced methods also include the capture 

and use of CO2 in the food industry (cooling of food drinks, food production), 

chemical (production of carbonated brine), and fertilizers containing CO2.
31 

Biological methods of carbon sequestration consist of various indirect 

methods and refers to storage of atmospheric carbon, in vegetation, soils, 

woody products, and aquatic environments. The most important of them 

include afforestation of land (forest ecosystems), sequestration through the 

biosphere, proper cultivation of land (agriculture), peat bogs and peat, as well 

as fertilization of oceans.32,33  

Afforestation and reforestation. Properly managed forest areas are 

examples of effective biological carbon sequestration from the atmosphere. 

Afforestation is the conversion of abandoned and degraded agricultural lands 

into forests, while reforestation is the replantation of trees in deforested land. 

Both practices can contribute to negative emissions since the growth of 

additional plant sequesters atmospheric CO2 and naturally sink it in their 

biomass. The binding of carbon by forests can take place with the 

participation of their biomass or in the soil on which they grow. Sequestration 

with the participation of tree biomass takes place in their aboveground and 

underground parts. An important treatment that positively affects the 

sequestration of carbon is reforestation or the use of appropriate types of 

trees. Forest species that capture large amounts of carbon dioxide include, for 

instance, pine, spruce, larch, beech, alder, oak, or birch forests. The great 

advantage of using forest cultivation, not only in carbon sequestration, is their 

positive impact on the environment and high biomass, which is used for 

energy purposes.34,35  

Biological carbon sequestration using the biosphere and agriculture. 

These methods involve treating various types of environments, for example, 

water, forest, soil, with appropriate treatments. These activities include 

appropriate enrichment or orientation, which aims to increase the ability to 

bind and accumulate CO2 in these ecosystems. This method of sequestration 
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can be applied to forests, arable fields, swamps or peat bogs, desert and 

semiarid areas, as well as degraded and devastated regions. Agriculture also 

can play an important role in carbon sequestration. Properly cultivated areas 

can be a source of a large amount of carbon that is accumulated in the soil 

with several favorable methods that can be used. One of them is the 

prevention of soil erosion by maintaining an adequate content of organic 

matter in the soil, as a result of activities such as proper fertilization of soil 

with fertilizing components, appropriate soil composition, cultivation of plant 

species that are much slower and harder to undergo degradation, and soil 

mulching thus creating a protective layer on the outer surface of the soil in the 

form of mulch (ground organic matter, conservative cultivation). The second 

method performs activities aimed at obtaining a high amount of organic 

carbon in the soil. This effect can be achieved, among others, through the use 

of organic fertilizers in soil cultivation, increasing the amount of plant biomass 

introduced into the soil, rational use of water and flora nutrients. The third 

method of increasing the efficiency of carbon sequestration is associated with 

the increase of its content in agricultural crops through conscious and rational 

cultivation of land, which will increase the obtained biomass of plants, and 

with it the carbon contained in it.36,37 

Blue carbon and oceans for carbon sequestration. The aquatic 

ecosystems on Earth, constitute a reservoir absorbing about 50 times more 

CO2 than the rest of the globe. Many scientists are seeking to use the oceans 

as sources of intensive and increased carbon sequestration.38  

Blue carbon is the organic carbon in oceanic and coastal ecosystems 

that is captured on centennial to millennial timescales. Maintaining and 

increasing blue carbon is an integral component of strategies to mitigate 

global warming. Marine vegetated ecosystems (especially seagrass 

meadows, mangrove forests, and tidal marshes) are blue carbon hotspots and 

their degradation and loss worldwide have reduced organic carbon stocks and 

increased CO2 emissions.39 

Another example of carbon sequestration by the oceans is their 

fertilization using iron (Fe), phosphorus (P), or nitrogen (N). A very simple 

operation involving the introduction of one of the compounds mentioned (iron, 
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phosphorus, nitrogen) into the oceans, which results in the intensive and 

sudden development of very small sizes of plant microorganisms—

phytoplankton. Introduced nutrients consist of valuable food for their 

development in the form of carbon dioxide, which they absorb in huge 

amounts. The heavier ones fall to the bottom of the ocean, where the 

collected carbon dioxide is deposited for a long time. Fertilization of ocean 

waters with appropriate compounds significantly contributes to the long-term 

sequestration of large amounts of CO2 from the Earth‘s atmosphere.40,41  

In 2021 ExxonMobil has unveiled a plan to build one of the world‘s 

largest projects for carbon capture and storage (CCS) along the Houston Ship 

Channel in Texas. This CCS involves stripping CO2 from industrial plant 

emissions—or from the air—and storing it in a secure underground location to 

prevent the gas from contributing to global warming. The proposed project 

would cost $100 billion and would capture and store 100 million metric tons 

(Mt) of CO2 per year. The emissions saved would be equivalent to removing 1 

in every 12 cars on US roads, the company says. ExxonMobil is proposing to 

build infrastructure to capture its own CO2 emissions, as well as those from 

power plants, oil refineries, and chemical plants in the Houston area. The CO2 

would be piped into a storage reservoir thousands of meters under the water 

in the Gulf of Mexico.  For the project to be economically viable, it would need 

major public funding and the introduction of a price on carbon in the US. 

ExxonMobil says the project could be fully operational by 2040. ExxonMobil 

believes, and experts agree, that carbon capture and storage (CCS) will need 

to play a critical role if the United States and other countries are to meet the 

emissions-reduction goals outlined in the Paris Agreement.42 

Carbon capture, utilisation and storage (CCUS) technologies are 

very expensive causing delays in installing commercial facilities. Despite the 

Covid-19 crisis, in 2020 governments and industry committed more than 

USD 4.5 billion. CCUS can be retrofitted to power and industrial plants that 

may otherwise still be emitting 8 billion tonnes of CO2 in 2050 – around one-

quarter of today‘s annual energy-sector emissions. [International Energy 

Agency, https://www.iea.org/commentaries/is-carbon-capture-too-expensive ]. 

 

https://www.iea.org/fuels-and-technologies/carbon-capture-utilisation-and-storage
https://www.iea.org/commentaries/is-carbon-capture-too-expensive
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Cutting greenhouse gases in the European Union  

 

In December 2020 the 27 European Union leaders have agreed on a 

more ambitious goal for cutting greenhouse gases (GHGs). The decision, 

despite the pandemic problems at the time, was to reduce GHGs by 55% by 

2030, rather than 40% that was decided before. The new target was reached 

after difficult all-night talks in Brussels. Poland, a country that was heavily 

reliant on coal for electricity and energy in industry, won a pledge of EU 

funding to help it transition to clean energy. The EU Commission will draw up 

detailed plans for all 27 member states (the UK was the 28th country before 

Brexit) to contribute to the 55% target, measured against 1990 CO2 emission 

levels. The EU Council President Charles Michel hailed the agreement, 

tweeting "Europe is the leader in the fight against climate change". It is part of 

a global effort to tackle climate change by cutting atmospheric pollution, 

especially CO2 emissions.  The Paris Agreement is a legally binding 

international treaty on climate change. It was adopted by 196 countries at 

COP 21 [The Paris Climate Conference is officially known as the 21st 

Conference of the Parties (or ―COP‖) to the United Nations Framework 

Convention on Climate Change (UNFCCC), the United Nations body which is 

responsible for climate]. The Paris Agreement entered into force on 4 

November 2016. Its goal is to limit global warming to well below 2, preferably 

to 1.5 degrees Celsius, compared to pre-industrial levels.  [The Paris climate 

deal (Paris Agreement), signed in 2016, aims to keep global temperature rise 

well under 2C, preferably within a maximum rise of 1.5C. Climate change: EU 

leaders set 55% target for CO2 emissions cut, Published, 11 December 2020 [ 

https://www.bbc.com/news/world-europe-55273004  ].   

 In May 2021 the European Environment Agency (Copenhagen) 

published a report for the annual EU greenhouse gases (GHG) inventory of 

1990-2019. In the EU, the total GHG emissions (excluding LULUCF and 

excluding international aviation) decreased by 1,425 million tonnes since 1990 

(or 25.2 %) reaching their lowest level during this period in 2018 (4234 Mt  

CO2). There has been a progressive decoupling of gross domestic product 

(GDP) and GHG  emission compared to 1990, with an increase in GDP above 

https://www.bbc.com/news/world-europe-55273004
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60 % alongside a decrease in emissions of  25 % over the period (- 23 %, 

when including international aviation). [European Environment Agency 

(Copenhagen) Annual European Union greenhouse gas inventory 1990-2019  

and inventory report 2021,   Submission to the UNFCCC Secretariat    27  

May 2021  [   https://www.eea.europa.eu/publications/annual-european-union-

greenhouse-gas-inventory-2021 , European Commission, DG Climate  Action, 

European Environment Agency, European Commission address European 

Commission, Brussels] .  

The United Kingdom (UK) leaving the EU (Brexit) is now an 

independent country. But the UK's is a world-leading climate change target 

and will be a "colossal challenge", a government spending watchdog has 

warned. The National Audit Office (UK) in a 2020 report  estimates the cost of 

cutting CO2 is highly uncertain, but the cost of allowing temperatures to rise 

would probably be greater. The Prime Minister (Boris Johnson) has vowed to 

cut emissions by 68% by 2030 based on 1990 levels. The announcement has 

been broadly welcomed, although scientists say it does not guarantee 

dangerous climate change will be avoided. [ Climate change: UK aim of 68% 

emissions cut a 'colossal challenge', article by  Roger Harrabin, BBC 

environment analyst, 4 December 2020 [  https://www.bbc.com/news/science-

environment-55179008 ].  

In April 2021, the UK government announced that it will set the world‘s 

most ambitious climate change target into law to reduce emissions by 78% by 

2035 compared to 1990 levels, In line with the recommendation from the 

independent Climate Change Committee, this sixth Carbon Budget limits the 

volume of GHGs emitted over a 5-year period from 2033 to 2037, taking the 

UK more than 3/4 of the way to reaching net zero by 2050. The Carbon 

Budget will ensure Britain remains on track to end its contribution to climate 

change while remaining consistent with the Paris Agreement temperature goal 

to limit global warming to well below 2°C and pursue efforts towards 1.5°C. 

[GOV.UK, 20.4.2021, https://www.gov.uk/government/news/uk-enshrines-

new-target-in-law-to-slash-emissions-by-78-by-2035  ] 

 

https://www.eea.europa.eu/publications/annual-european-union-greenhouse-gas-inventory-2021
https://www.eea.europa.eu/publications/annual-european-union-greenhouse-gas-inventory-2021
https://www.bbc.com/news/science-environment-55179008
https://www.bbc.com/news/science-environment-55179008
https://www.gov.uk/government/news/uk-enshrines-new-target-in-law-to-slash-emissions-by-78-by-2035
https://www.gov.uk/government/news/uk-enshrines-new-target-in-law-to-slash-emissions-by-78-by-2035


 

25 

 

Water is a finite resource and freshwater is critical for human 
society’s survival 

 

Water is at the core of sustainable development and is critical for socio-

economic development, healthy ecosystems and for human survival itself. It is 

vital for reducing the global burden of disease and improving the health, 

welfare and productivity of global populations.  

 

Figure 13. Water is the world‘s most critical resource. It sustains life and the 
global food production chain. Water powers industrial production, agriculture 
and keeps humans healthy. Freshwater, which is only 1% of the global water, 
is perhaps the most important natural resource for human survival. But, it is 
also highly limited and currently under severe stress. 
 
 

Fresh water in particular is central to the production and preservation of 

a host of benefits and services for people. Water is also at the heart of 

adaptation to climate change, serving as the crucial link between the climate 

system, human society and the protection and preservation of the natural 

environment and sensitive ecosystems. 

Less than 1% of the world‘s water is readily available for direct human 

use, consumption and services that sustain human civilisation in our daily 

lives. According to United Nations agencies, 1/3 of the world‘s population live 

in countries that are experiencing moderate to high water stress. More than 

one billion of these people do not have access to clean drinking freshwater. 

Three billion do not have adequate sanitation services and the annual death 
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toll from water-borne diseases is estimated at more than three million 

annually. Furthermore, pollution and the effects of climate change are creating 

additional pressures that are rapidly impacting on what little freshwater 

supplies we have left.  

 

 
Figure 14. Water is everywhere on Earth. 70.8% of our planet‘s surface is 
covered with water. Nearly 60% of the human body (and every biological 
organism) is made of water. It is the most abundant chemical compound found 
in the universe mainly because it is made up of Hydrogen and Oxygen (H20) 
which themselves are among the top 3 abundantly found elements of the 
known world in the universe (the third is Helium, He). 
 

Water is a finite and irreplaceable resource that is fundamental to 

human well-being. It is only renewable if well managed. Today, more than 1.7 

billion people live in river basins where depletion through use exceeds natural 

recharge, a trend that will see two-thirds of the world‘s population living in 

water-stressed countries by 2025. Water can pose a serious challenge to 

sustainable development but managed efficiently and equitably, water can 

play a key enabling role in strengthening the resilience of social, economic 

and environmental systems in the light of rapid and unpredictable 

changes.43,44 

In ancient cultures water represented the very essence of life. Water 

plays an extremely fundamental role on the surface of the Earth with the 

oceans, rivers, lakes and wetlands and is so familiar to all aspects of life that 

we forget its importance and uniqueness. It has extremely specific physico-

chemical characteristics, boils in 100o degrees Celsius and freezes at 0o C 

unlike other compounds of similar molecular weight which are gases. 
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Biosphere and lithosphere on Earth are influenced by water. It is referred as a 

Universal Solvent for biological life and ecosystems. 

 

 

Figure 15. Every living organism needs water for survival. Water and air are 
essential requirement for life and survival. Water molecules are polar (oxygen 
is highly electronegative and hydrogen highly electropositive), so molecules 
can form hydrogen bonds that keeps them together. Unique properties: high 
boiling point, high specific heat, cohesion, adhesion and density. 
 

Without water, there is little doubt that the Earth would be just another 

dead celestial object. Its surface would look much like that of the Moon, with 

craters and a lot of dust. Water is a universal solvent in the biosphere and an 

essential part of all biochemical reactions. It is a major constituent, not only of 

the environment that surrounds all living aquatic and terrestrial organisms, but 

also their inner parts. Living cells are made of aquatic solutions, suspensions 

and emulsions with water present from about 70% by weight (in ossified or 

mineralised tissue) to 98 % (in aqueous fruit, jellyfish). Plants for the most part 

take the water and mineral salts they need from the soil and water comprises 

50% to 75% of plants by weight.45  

 

Fresh water can meet humanity’s needs if used sustainably 
 

Only 1% of fresh water on Earth is readily available for humanity‘s daily 

water supply needs and stored in the ground, soil or fractured bedrock, in 

surface waters, lakes, rivers and streams. Earth is the only planet in the Solar 

system with water on the surface and the only astronomical object known to 

harbour multicellular and aerobic biological life. Every astronomical 

observation in the last decade for the identification of Earth-like exoplanets 

https://en.wikipedia.org/wiki/Planet
https://en.wikipedia.org/wiki/Astronomical_object
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orbiting nearby stars, looks first for the presence of water.  The Earth‘s 

surface is covered by 71% with water, mostly by oceans, seas, gulfs, and 

other salt-water bodies, but also by lakes, rivers, wetlands and other fresh 

water sources, which together constitute the hydrosphere. Although there is 

so much water on the Earth's surface, 97.5% is salt water; and only 2.5% is 

fresh water. Of this fresh water mostly is locked away as groundwater or in 

glaciers and only, approximately, 1% is available for human use. It sounds 

extraordinary but this 1% amount of fresh water is enough to meet humanity's 

needs, but only if it were evenly distributed and in a sustainable way with 

conservation efforts [FAO, Water is a finite resource, 

http://www.fao.org/3/u8480e/U8480E0c.htm ]. . 

 In the last decades fresh water is overused for agriculture, industry and 

big cities. In addition, large amounts of freshwater (lakes, rivers, groundwater) 

is polluted every year from municipal, industrial and agricultural waste. 

Despite the immense progress, it is estimated that nearly 30% of the 

population of developing countries has no access to safe drinking water. Even 

countries with greater water supplies are extracting too much from their 

underground water reserves or overuse the water from rivers, lakes and 

wetlands. For example, the water table under Beijing is sinking by 2 metres 

every year because of intense extraction to meet the needs of the vast urban 

areas (Beijing 21.5 million population).  Every year large amounts of waste 

water (estimated at 450 cubic kilometers globally) are poured into the world's 

surface water. There are substantial problems and international conflicts for 

sharing fresh water among countries.  More than 200 river systems cross 

international boundaries, and 13 rivers and lakes are shared by 96 countries. 

Over-use or pollution by countries upstream can be devastating for those 

downstream. Access to fresh water, particularly in areas where rainfall is low 

or erratic, is becoming a major political issue and vital to national interests. 

Faced with these water crises, the world must learn to be less wasteful and to 

manage its water resources better.  

According to UNESCO, the current interstate conflicts for freshwater 

sources occur mainly in the Middle East (disputes stemming from 

the Euphrates and Tigris Rivers among Turkey, Syria, and Iraq; and 

https://en.wikipedia.org/wiki/Water_distribution_on_Earth
https://en.wikipedia.org/wiki/Gulf
http://www.fao.org/3/u8480e/U8480E0c.htm
https://en.wikipedia.org/wiki/UNESCO
https://en.wikipedia.org/wiki/Euphrates_River
https://en.wikipedia.org/wiki/Tigris_River
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the Jordan River conflict among Israel, Lebanon, Jordan and the State of 

Palestine). in Africa Nile River-related conflicts among Egypt, Ethiopia, and 

Sudan.  In Central Asia, the Aral Sea conflict among Kazakhstan, Uzbekistan, 

Turkmenistan, Tajikistan and Kyrgyzstan. In 1948, India and Pakistan had a 

dispute over the sharing of water rights to the Indus River and its tributaries. 

An agreement was reached after five weeks and the dispute was followed by 

the signing of the Indus Waters Treaty in 1960.46  

 

Figure 16. The hydrologic cycle, describes the continuous movement of 
water as it makes a circuit from the oceans to the atmosphere to the Earth 
and on again. Most water evaporates from ocean surfaces warmed by energy 
from the Sun. Most of the vapor condenses quickly and falls over the nearby 
ocean as rain: [Water Encyclopedia, http://www.waterencyclopedia.com/Da-
En/Earth-The-Water-Planet.html#ixzz6uwoWIG4x ]. 

The Millennium Development Goal (MDG7) for sustainable 
access to safe drinking water 

Humans need physical and mental well-being with access to fresh air 

and water, nutritious food, and the security of a stable home. Health experts 

recognized long time ago that the combination of safe drinking water and 

hygienic sanitation facilities is a precondition for health and for success in the 

fight against poverty, hunger, child deaths and gender inequality. It is also 

central to the human rights and personal dignity of every woman, man and 

child on Earth. Despite the fundamental purpose of clean fresh water, more 

https://en.wikipedia.org/wiki/Jordan_River
https://en.wikipedia.org/wiki/Water_politics_in_the_Jordan_River_basin
https://en.wikipedia.org/wiki/Nile_River
https://en.wikipedia.org/wiki/Central_Asia
https://en.wikipedia.org/wiki/Aral_Sea
https://en.wikipedia.org/wiki/Indo-Pakistani_water_dispute_of_1948
https://en.wikipedia.org/wiki/Indo-Pakistani_water_dispute_of_1948
https://en.wikipedia.org/wiki/Indo-Pakistani_water_dispute_of_1948
https://en.wikipedia.org/wiki/Indus_River
https://en.wikipedia.org/wiki/Indus_Waters_Treaty
http://www.waterencyclopedia.com/Da-En/Earth-The-Water-Planet.html#ixzz6uwoWIG4x
http://www.waterencyclopedia.com/Da-En/Earth-The-Water-Planet.html#ixzz6uwoWIG4x
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than 1 billion people consume daily polluted drinking water and 2.6 billion 

people lack hygienic sanitation (simple-safe latrine) with an estimated 1 billion 

people practicing open defecation. 

 

 

Figure 17.  MDG7. The world has met the target of halving the proportion of 
people without access to improved sources of water.. Between 1990-2015, 
2.6 billion people gained access to improved drinking water sources. 
Worldwide 2.1 billion people have gained access to improved sanitation. 
Despite progress, 2.4 billion are still using unimproved sanitation facilities, 
including 946 million people who are still practicing open defecation. Between 
2000-2014, more than 320 million people living in slums gained access to 
improved water sources, improved sanitation facilities, or durable or less 
crowded housing, thereby exceeding the MDG target. More than 880 million 
people are estimated to be living in slums today, compared to 792 million in 
2000 and 689 million in 1990. [UN. We can end poverty, 
https://www.un.org/millenniumgoals/environ.shtml ]. 
 

In July 2010, the General Assembly of the United Nations adopted a 

resolution, which ―recognized the right to safe and clean drinking water and 

sanitation as a human right that is essential for the full enjoyment of life and 

all human rights‖. The Millennium Development Goals (MDGs), agreed in 

2000, aim to halve the proportion of people without sustainable access to safe 

drinking water and basic sanitation between 1990 and 2015.47 

 

https://www.un.org/millenniumgoals/environ.shtml
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Protection and conservation of water sources fundamental for 
human survival  

After the end of WWII in 1945, developed and developing countries 

made significant progress in regulating freshwater distribution and quality. All 

countries have established advanced technological facilities in treating waste 

water and protecting marine and freshwater habitats and species. Developed 

countries legislated policies for a wide range of environmental issues for safe 

and clean drinking water, treatment of urban and industrial waste water. Also, 

they designated marine protected areas and bathing water quality. 

Environmental water pollution legislation (petroleum products, agricultural 

waste, single use plastics, industrial emissions and hazardous chemicals) was 

enacted in most countries and in international water areas. The European 

Union (EU) for decades passed legislation that restricted every form of water 

pollution and strengthened overarching programmes, such as the Seventh 

Environment Action Programme, the Water Framework Directive and the 

Marine Strategy Framework Directive. Developed countries (USA, Canada, 

Australia) have the most protective environmental legislation for water. 

Awareness-raising schemes combined with water-efficient technologies 

and investments in leakage management have resulted in real water savings 

across Europe. The total amount of water abstracted in Europe has 

decreased by 19 % since 1990. More than 80 % of the European population is 

connected to an efficient urban waste water treatment plant. Compared with 

many parts of the world, Europe has relatively abundant freshwater 

resources. However, these water resources are not evenly distributed across 

the European continent. Climate change is projected to impact the availability 

of water in Europe, putting additional pressure on southern regions and the 

Mediterranean area already facing water stress. Scientists worried that most 

farming methods in agriculture, use significant amounts of freshwater (more 

than 70% in some countries). Similarly, popular tourist destinations, including 

small islands in the Mediterranean Sea, might need to provide water for 

thousands of visitors, putting considerable pressure on their already scarce 

water supplies in Southern Europe (Greece, Italy, France, Spain).48 
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Food. Can the global agri-food sector produce adequate food 
for all humans in a sustainable way?   
 

Sustainable food production comprises of a series of technological 

methods using processes and systems that are non-polluting, conserve non-

renewable energy, water, soil, biodiversity and other natural resources. These 

methods are at the same time economically efficient, safe for farmers and 

other agricultural workers, communities and consumers, and do not 

compromise the needs of future generations, i.e. keep sustainability of natural 

resources in the same level for future use). World food production increased 

faster than human population in the last decades. 

 

 

Figure 18. Global agricultural production has risen faster than human 
population in the last 50 years. Global food security is a goal for policymakers 
worldwide. Green Revolution (GR) agricultural techniques increased crop 
output per unit area of cultivated land since world was running out of arable 
land. GR in Mexico and India used special crop breeds (drought-tolerant, salt-
tolerant, etc) which helped global food production to keep pace with rapid 
population increases  [2005, Pearson Education]. 
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World population is expected to grow by over 30% (approximat. 2.3 

billion people), between 2009 and 2050. This is a much slower rate of growth 

than the one seen in the past 4 decades (1970-2009) during which it grew by 

3.3 billion people, or more than 90%. Nearly all of this growth is forecast to 

take place in the developing countries. Among the latter group, sub-Saharan 

Africa‘s population would grow the fastest (+114%) and East and Southeast 

Asia‘s the slowest (+13%). Urbanization is foreseen to continue at an 

accelerating pace with urban areas to account for 70% of world population in 

2050 (up from 49% at present) and rural population, after peaking sometime 

in the next decade, actually declining [http://www.fao.org/fileadmin/ 

templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf]. 

The rapid increase of world population (7.8 billion, 2020) forced big 

changes in the last decades of intense commercial agriculture and the 

widespread applications of mechanized farming methods and livestock 

(domesticated animals). The global food production changed dramatically but 

with adverse environmental impacts. 

 

Fighting global hunger, Green Revolution and sustainable 
development 

 

The world witnessed widespread hungers after 1945. The WHO 

recognized that global famines and undernutrition contributed to death of 

more than 3 million children under five year of age every year. The first Green 

Revolution (1950s-1970s) was successful in fighting global hunger, by raising 

crop yields and productivity worldwide through irrigation systems, improved 

seeds, new crop varieties, machinery and agrochemicals. In recent years, 

there has been talk of a ―New Green Revolution‖ or an ―Evergreen 

Revolution,‖ meaning the transformation of a green economy at a time when 

the implementation of the objectives of the 2030 sustainable development 

agenda is critical for the survival of the planet‘s inhabitants. However, to 

achieve sustainable development it is necessary to incorporate aspects such 

as: organic agriculture, precision agriculture tools, life cycle analysis, soil and 

plant health, environmental impacts, water quality, post-harvest technology, 

http://www.fao.org/fileadmin/%20templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf
http://www.fao.org/fileadmin/%20templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf
http://www.fao.org/fileadmin/%20templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf
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by-product uses, and peasant and farmer perceptions of new paradigms such 

as globalization, value chains, competitiveness, bioeconomics and 

biorefineries,49  

The Green Revolution (GR) (Third Agricultural Revolution) was 

connected with Dr Norman Borlaug (named father of GR), an American 

agronomist who led initiatives worldwide for applications of Green Revolution. 

He was awarded the Nobel Peace Prize in 1970 for his role in fighting global 

hunger. Green Revolution methods applied first in the 1950s and 1960s in 

India, Philippines, Pakistan, Bangladesh, Mexico, etc. It was a true 

revolutionary technological effort that helped to overcome widespread famines 

in developing countries. It was successful in greatly increasing production of 

food grains (especially high yields of dwarf wheat and rice varieties) that 

required nitrogen fertilizers, pesticides and widespread irrigation projects. Its 

early dramatic successes were in Mexico and in the Indian subcontinent 

(where famines killed large number of people in the past). This new 

agricultural production technology reduced malnutrition in developing 

countries but had potentially harmful environmental effects. Also, poor farmers 

were affected from these expensive agricultural techniques but finally the 

overall trend persisted with some environmental protection initiatives. 

Norman Borlaug in 1944 was appointed as geneticist and plant 

pathologist assigned the task of organizing and directing the Cooperative 

Wheat Research and Production Program in Mexico and involved in scientific 

research in genetics, plant breeding, plant pathology, entomology, agronomy, 

soil science, and cereal technology. Within twenty years he was spectacularly 

successful in finding a high-yielding short-strawed, disease-resistant wheat. 

[https://www.nobelprize.org/prizes/peace/1970/borlaug/biographical/ ]. 

The rapid increase in agricultural output resulting from the Green 

Revolution (GR) was the result of impressive increase in yields. Yields in 

1960-2000 for all developing countries rose 208% for wheat, 109% for rice, 

157% for maize, 78% for potatoes, and 36% for cassava. Developing 

countries in Southeast Asia and India were the first countries to show the 

impact of the GR varieties on rice yields, with China and other Asian regions 

https://www.britannica.com/plant/wheat
https://www.britannica.com/plant/rice
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experiencing stronger yield growth in the subsequent decades. High yields 

were observed for wheat and maize in Asia.  

In recent years there is an ongoing debate about how best to feed the 

growing world population in the long run and associated implications for 

research and development. Some call for a new ―Green Revolution‖ to secure 

the supply of staple foods, whereas others emphasize the importance of 

diversifying and improving people's diets. FAO (2019) estimates that 820 

million people (11% of the current world population) are undernourished in 

terms of energy intake, and 1.3 billion people (17%) suffer from micronutrient 

deficiencies, most of them live in Asia and Sub-Saharan Africa. [FAO, IFAD, 

UNICEF, WFP, and WHO. (2019). The State of Food Security and Nutrition in 

the World 2019. Safeguarding Against Economic Slowdowns and Downturns. 

Rome: FAO. Online: http://www.fao.org/3/ca5162en/ca5162en.pdf  ] 

 

Figure 19. Norman Borlaug as photographed in 1970. He‘s standing in a 
Mexican wheat field, holding bunches of the so-called ―miracle‖ wheat that he 
developed by crossing a native Mexican strain with a Japanese dwarf variety. 
 

Crop genetic improvement focused mostly on producing high-yielding 

varieties (HYVs), but the decrease in time to maturity was also an important 

improvement for many crops, allowing for an increase in cropping intensity. 

The rapid spread of the rice–wheat system in the Indo-Gangetic plains (from 

Pakistan to Bangladesh) can be attributed to the shortening of the crop 

growing period. Asia had already invested significantly in irrigation 

http://www.fao.org/3/ca5162en/ca5162en.pdf
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infrastructure at the start of the GR and continued to do so throughout the GR 

and post-GR periods.50 

Most of the famines in the past were in Asia (India, Pakistan). Now, 

Africa had the largest numbers of acutely food-insecure people in need of 

assistance in countries badly affected by weather events, particularly in the 

Horn of Africa and Southern Africa, followed by Central America and Pakistan. 

In East Africa, armed conflicts, intercommunal violence and other localized 

tensions continued to affect peace and security, particularly in South Sudan, 

and continued to maintain large refugee populations in neighbouring 

countries, such as Uganda. 

 

Bengal famine 1943 

 

 

Figure 20. The Bengal famine in 1943 was a colossal human tragedy. 
According to the World Health Organization, hunger is the single gravest 
threat to the world's public health. Undernutrition is a contributory factor in the 
death of 3 million children under five every year. The demographic impacts of 
famine are sharp. Mortality is concentrated among children and the elderly. 
 

Modern intense agricultural production inevitably caused environmental 

problems. A variety of toxic pollutants form farming can be found in lakes, 

rivers, wetlands, estuaries, and groundwater, such as sediments, nutrients, 

pathogens, nitrates, pesticides, metals, and salts.  Livestock agriculture 

produces bacteria and pathogens in manure that can be washed into streams 

and groundwater. Additionally, food production contributes to water scarcity, 

soil degradation and the destruction of biodiversity. It is estimated that 25-

30% of total global greenhouse (GHG) gas emissions are directly caused by 

http://www.blue-growth.org/Politics_Blue_Growth/Health_World_Organization_WHO.htm
https://en.wikipedia.org/wiki/Wetland
https://en.wikipedia.org/wiki/Groundwater
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crop and animal production and forestry. The crop and livestock sectors use 

70% of freshwater resources and, together with forestry, occupy 60% of the 

Earth‘s land surface. Air pollution is caused by agriculture through land use 

changes and animal agriculture practices (methane, CH4).
51,52 

Agricultural operations can have significant effects on water pollution. 

Extensive studies showed that agricultural runoff is the leading cause of water 

quality in rivers and streams, and to a lesser extend for lakes and wetlands. In 

the USA it is estimated that about a half million tonnes of pesticides, 12 million 

tons of nitrogen, and 4 million tons of phosphorus fertilizer are applied 

annually to crops. Soil erosion, nutrient loss, bacteria from livestock manure, 

and pesticides constitute the primary stressors to water quality.53 

 

Figure 21.  World Food Day is an international day celebrated every year on 
16 October in honour of the date of the founding of the Food and Agriculture 
Organization (FAO) of the United Nations in 1945.  
 

The agri-food sector has become increasingly complex in the last 

decades due to changes in consumer demand (linked also to food safety and 

quality), technological advances, and transformation in the food industrial 

packaging, distribution and marketing. All these changes transformed 

dramatically the food industry. At the same time, demographic development, 

intense urbanization with new demands for housing, roads, social facilities, 

schools, hospitals, etc. At the same time the world is facing globalization  

pressures, e.g. businesses or other organizations developing international 

influence or start operating on an international scale. Increased incomes and 

unbalanced world distribution of wealth and climate change are leading to a 

progressive and unpredictable change in horizons.54 

https://en.wikipedia.org/wiki/Environmental_impact_of_meat_production
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Modern agri-food systems and food markets are facing 
unprecedented challenges for global sustainability  

 

Modern agri-food production systems are major drivers of global 

sustainability challenges including climate change, soil erosion 

(desertification), freshwater scarcity (agriculture use 70% of fresh water) and 

critical environmental problems. Agricultural experts following recent trends 

urge the need for more robust methods, such as life cycle assessment, 

system-based modeling and metrics to quantitatively assess the sustainability 

of these agricultural production systems. Agri-food production systems are 

changing dramatically in the last decade. New technological  processes and 

advanced methods of cultivation, distribution logistics  and modern retail 

infrastructure needed to produce and distribute food, that are inextricably 

linked with nutritional, health, and environmental sustainability.55,56 

Nowadays, agri-food systems and markets are under unprecedented 

confluence of different pressures. The food production and commercial 

distribution is progressing at global dimensions. Food production is at the 

center of an interconnection of global environmental, economic, and social 

problems, and are critical in dealing with various sustainability challenges 

such as climate change, population growth, food insecurity and malnutrition, 

resource scarcity, ecosystem degradation, and biodiversity loss. The global 

agri-food sectors in all continents have to increase their production (estimated 

at 60%–110%) in the last decade to meet the expected increase in global 

population and high quality/nutrition food demand.57,58 

 The relationship between food markets, international trade, food 

security (hygiene standards, zero contamination, very low infectious agents, 

refrigeration), and nutrition is attracting challenging measures and the need 

for technological innovations.59,60,61 

 In the last decade the global agriculture is facing high demands for 

growing large amounts of food and the changes in overall nutritional needs, 

meeting higher quality standards (safety, environment, welfare and ethics) 

and keeping food affordable for Third World countries that can not afford high 

prices.62,63,64,65  
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The global food system and the agri-sector in general are expected to 

experience an unprecedented confluence of pressures over the next decades. 

The demand side will increase because of increasing population, a high 

proportion of these people are likely to be wealthier, creating demand for a 

more varied, high-quality diet requiring additional resources to produce. On 

the production side, competition for land, water and energy will intensify, while 

the effects of climate change will become increasingly apparent. The need to 

reduce GHG and adapt to a changing climate will become imperative. Over 

this period globalisation will continue, exposing the food system to novel 

economic and political pressures.66  

The 5 future challenges for the agri-sector will be:66 

a. Balancing future demand and supply sustainably – to ensure that food 

supplies are affordable,  

b. Ensuring adequate stability in food supplies – and protecting the most 

vulnerable from the volatility that does occur,  

c. Achieving global access to food and ending hunger in the Third World 

countries. This recognises that producing enough food in the world so that 

everyone can potentially be fed is not the same thing as ensuring food 

security for all,  

d. Managing climate change from the contribution of the food system to the 

mitigation of climate change,  

e. Maintaining biodiversity and ecosystem services while feeding the world. 

 

The world’s food systems are responsible for 30% of 
greenhouse gases. Can be reduced with new methods? 

 

Global warming and climate change taking place in the last decades 

are in the centre of scientific research. All estimates showed that food 

systems are responsible for more than 1/3 of global anthropogenic 

greenhouse gas emissions (GHG), similar results were presented in a recent 

pioneering study.67  

Spanning from land-use change and agricultural production to 

packaging and waste management, food system emissions were estimated at 
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18 billion tonnes of carbon dioxide (CO2) equivalent in 2015. That's 34% of 

the total, a share that is gradually declining - it was 44% in 1990 - even as 

food systems emissions kept increasing in absolute amounts. The study, co-

authored by Francesco Tubiello, a senior statistician and climate-change 

specialist at the Food and Agriculture Organization of the United Nations 

(FAO) in collaboration with researchers at the European Commission's Joint 

Research Centre in Ispra, Italy. The study  offers a treasure trove of data and, 

at least as importantly, presents a new data, growing with more evidence.67,68  

Scientific research and new agricultural farming methods propose 

solutions to reduce Greenhouse Gases (GHGs). Farming soil, wetlands, 

prairies and forests can act as carbon sink for a long-term storage reservoir 

for carbon with less carbon to remain in the atmosphere. This is also called 

carbon sequestration.  

Agricultural techniques that can reduce GHGs. Most of them are based 

on organic farming proposed from a well known environmental organization of 

the USA [https://www.sierraclub.org/sites/www.sierraclub.org/ files/sce/iowa-

chapter/Ag-CAFOs/AgAndGHG.pdf ]:   

a. No-till agriculture – keeping crop residues on the land and leaving the 

earth largely undisturbed during  planting. 

b. Conservation tillage – the farmers practicing conservation tillage leave 

30% percent of the crop residue on the fields.   

c. Biochar – also called charcoal, can be put into soil to increase its fertility 

and to allow it to hold water. Biochar stays in the soil for long periods of 

time, thus sequestering carbon in the soil. It is produced by heating 

organic material (manure or plant leaves, stalks, roots, husks, shells, 

seeds) in a low oxygen environment.  

d. Use organic Compost as a fertilizer - organic material, such as leaves, 

stalks and roots, that has decomposed and is being added to soil as a 

fertilizer and to rejuvenate soil.   

e. Integrated crop-livestock systems. Farms that include livestock on the 

landscape as well as crops are more beneficial in returning carbon to the 

soil and maintaining healthy soils.   

https://www.nature.com/articles/s43016-021-00225-9
https://ec.europa.eu/jrc/en/about/jrc-site/ispra
https://ec.europa.eu/jrc/en/about/jrc-site/ispra
https://ec.europa.eu/jrc/en/about/jrc-site/ispra
https://www.sierraclub.org/sites/www.sierraclub.org/%20files/sce/iowa-chapter/Ag-CAFOs/AgAndGHG.pdf
https://www.sierraclub.org/sites/www.sierraclub.org/%20files/sce/iowa-chapter/Ag-CAFOs/AgAndGHG.pdf
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f. Rotational grazing, reduce soil erosion - a practice where grazing 

land is divided into segments called paddocks, with the grazing animals 

(cattle, sheep, goats, chickens, turkeys) moved from paddock to 

paddock every few days. Less soil erosion.   

g. Use of cover crops – planted with the intent to prevent soil erosion after 

the primary crop has been harvested. Benefits include improved water 

quality, reduced need for fertilizers, reduced soil compaction and 

increased soil fertility due to the carbon held in the cover crop.   

h. Manure – consists of organic material. When manure is appropriately 

applied will increase the amount of carbon held in the soil.   

i. Reducing the application of synthetic chemicals. Synthetic 

chemicals can and do destroy soil microbes, which reduces soil health 

and slows or precludes long-term carbon sequestration.   

j. Organic farming – uses techniques that enhance the biological health 

of soils and increase carbon retained in the soil.68 

 
The World Resources Institute report (2020) for the 6 
important ways that can reduce GHGs in agriculture 

 

The prestigious World Resources Institute (WRI, New York) is a 

global research organization that works with governments, businesses, 

multilateral institutions and civil society groups to develop practical solutions 

that improve people‘s lives and protect nature. WRI research is aiming at 

global challenges: Food, Forests, Water, Energy, Climate, the Ocean and 

Cities. WRI analyzes these issues through the lenses of four Centers of 

Excellence: Business, Economics, Finance and Governance. 

 

The report of the WRI deals especially with the American agriculture 

which is among the most productive in the world, but can be applied to 
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agriculture of the most developed countries like the OECD countries. The 

Organisation for Economic Co-operation and Development is an international 

organization of 37 most developed countries.69  

The American agriculture employs 2.6 million people in growing food 

and other products worth nearly $400 billion annually. Over 20% of that output 

is shipped abroad, making the USA the largest exporter of agricultural 

products globally. U.S. agriculture has also grown more efficient in recent 

years, increasing crop and livestock production by about 30% from 1997 to 

2017 while increasing its greenhouse gas (GHG) emissions by only 7%. 

But even considering this progress, the U.S. agricultural sector will 

need to do much more to address the global challenges of rising food demand 

and climate change. Global food demand is projected to grow 

by 56% between 2010 and 2050 due to population growth and rising incomes. 

Agriculture and related land-use change in the USA generate roughly 25% of 

global GHG emissions, agricultural production accounts for about 10% of U.S. 

emissions (from livestock- cows, agricultural soils, and rice production). And 

12% (2019) from land use and forestry. But  land areas can act as a sink 

(absorbing CO2 from the atmosphere). Since 1990, managed forests and 

other lands are a net sink absorbing more CO2 from the atmosphere than they 

emit. 

The WRI proposed 6 important ways to reduce GHGs (concentrating 

on the example of USA agriculture):  

1. Boost productivity in food production while maintaining the same 

size of the farming land. From 1997-2017, wheat productivity in the USA 

increased 23%, soybean productivity 28% and corn productivity 42%. Also, 

livestock productivity in the last decades in US and in other developed 

countries increased substantially.  Studies showed that in the period 1977-

2007, U.S. efficiency led to a 33% reduction in land use, a 12% reduction in 

water use, and a 16% reduction in production emissions per pound (0.45 Kg) 

of beef produced in the USA.   But in the decades ahead, the U.S. must 

accelerate progress on productivity with reduction of farming area for food and 

expand the area of forests to absorb CO2 (forests in the USA offset 12% of 

GHG emissions in 2018). Farming is responsible for 60% of GHG emissions. 

https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/ag-and-food-sectors-and-the-economy/
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/st99_1_0001_0001.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/st99_1_0001_0001.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/st99_1_0001_0001.pdf
https://www.fas.usda.gov/data/percentage-us-agricultural-products-exported
https://wits.worldbank.org/CountryProfile/en/Country/WLD/Year/2016/TradeFlow/Export/Partner/ALL/Product/16-24_FoodProd
https://wits.worldbank.org/CountryProfile/en/Country/WLD/Year/2016/TradeFlow/Export/Partner/ALL/Product/16-24_FoodProd
https://wits.worldbank.org/CountryProfile/en/Country/WLD/Year/2016/TradeFlow/Export/Partner/ALL/Product/16-24_FoodProd
http://www.fao.org/faostat/en/#data
https://cfpub.epa.gov/ghgdata/inventoryexplorer/#agriculture/allgas/source/allhttps://cfpub.epa.gov/ghgdata/inventoryexplorer/
http://www.sustainablefoodfuture.org/
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
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2. Reduce livestock GHG emissions. Livestock production accounts for 

40% of U.S. agricultural GHG emissions. These emissions stem from enteric 

fermentation (cow burps), manure management and wastes on pastures, and 

emissions associated with the production of corn, soy and other crops fed to 

animals. The productivity and efficiency gains mentioned above will reduce 

feed requirements, land use, and GHG emissions per pound of meat or gallon 

of milk. Additional emissions reductions are possible through technological 

innovations 

3. Reduce emissions of GHG from fertilizer use. The U.S. agricultural 

production uses high amounts of synthetic fertilizers and manure which are 

responsible for ~50% of farming emissions. In other countries on a global 

scale only 20% of GHGs emissions are related to the use of synthetic 

fertilizers and manure. Most of these emissions are from nitrous oxide (N2O), 

a potent greenhouse gas. A variety of promising techniques exist to reduce 

these emissions,  including nitrification inhibitors, which can keep soil nitrogen 

for a longer period of time; microbes that allow crops to fix their own nitrogen, 

which can replace fertilizer application for some crops; processes to 

manufacture synthetic fertilizers from renewable energy sources; and more 

precise fertilizer management. Consistent use of cover crops — typically 

legumes or grains planted after the main crop is harvested — can also reduce 

emissions from fertilizer by adding nitrogen to the soil while preventing 

nutrient runoff into waterways and soil erosion. 

4. Support on-farm renewable energy and energy efficiency. 

Around 6% of agricultural production emissions in the USA come from on-

farm fuel consumption, (farm equipment, buildings). Improvements to 

equipment and greater energy efficiency in farm buildings can reduce fuel use 

and emissions. The US Department of Agriculture‘s Rural Energy for America 

Program offers grants and loan guarantees to help farmers access renewable 

energy systems and energy efficiency improvements, which can save them 

thousands of dollars in annual energy costs. Increased funding for the 

program could support farmers in this important transition. 

The European Union (EU) as a whole of 27 countries is currently 

committed to reducing its emissions by 40% compared to 1990 by 2030. EU 

https://www.wri.org/blog/2019/04/6-pressing-questions-about-beef-and-climate-change-answered
https://www.wri.org/blog/2019/04/6-pressing-questions-about-beef-and-climate-change-answered
https://iopscience.iop.org/article/10.1088/1748-9326/aab908/pdf
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
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climate policy has three legs each with separate targets: the Emissions 

Trading Scheme (ETS) for the power sector, large industrial plants and 

aviation inside the European Economic Area; effort-sharing in the non-ETS 

sector which includes transport, buildings, agriculture and waste; and a ‗no 

debit‘ rule in the land use, land use change and forestry (LULUCF) sector 

meaning that emissions cannot exceed removals. If this sector creates net 

emissions, these need to be compensated by using allowances from the effort 

sharing sectors. As the cap-and-trade system under the Emissions Trading 

Scheme (ETS) guarantees that 2030 targets will be met, even though the 

most recent projections suggest that existing and additional measures are still 

not sufficient to meet the target.  Together, these are intended to achieve a 

30% reduction in non-ETS emissions by 2030. [Common Agricultural Policy, 

Reform. Europe‘s common agricultural policy is broken-let‘s fix it, 2020, 

http://capreform.eu/climate-measures-in-agriculture/ ].  

 

Figure 22. Silvopasture is the deliberate integration of trees and grazing 
livestock operations on the same land. These systems are intensively 
managed for both forest products and forage. Well-managed 
silvopastures employ agronomic principals, typically including introduced or 
native pasture grasses, fertilization and nitrogen-fixing legumes, and rotational 
grazing systems that employ short grazing periods that maximize vegetative 
plant growth and harvest. 
  
 
5.  Stabilize and sequester carbon in vegetation and soils. Agriculture in 

developed countries (OECD), with simple changes in agricultural practices, 

can use farm soils and pastures to store carbon in vegetation and soils. In 

addition carbon sinks can be augmented by expanding and protecting forests 

https://www.eea.europa.eu/themes/climate/trends-and-projections-in-europe/trends-and-projections-in-europe-2019/the-eu-emissions-trading-system
https://www.eea.europa.eu/themes/climate/trends-and-projections-in-europe/trends-and-projections-in-europe-2019/the-eu-emissions-trading-system
https://www.eea.europa.eu/themes/climate/trends-and-projections-in-europe/trends-and-projections-in-europe-2019/the-eu-emissions-trading-system
http://capreform.eu/climate-measures-in-agriculture/
https://www.fs.usda.gov/nac/assets/documents/workingtrees/brochures/wts.pdf
https://www.fs.usda.gov/nac/assets/documents/agroforestrynotes/an46si09.pdf
https://www.fs.usda.gov/nac/assets/documents/agroforestrynotes/an46si09.pdf
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and other natural landscapes, agricultural lands can sequester additional 

carbon in vegetation by integrating more trees through silvopasture and 

other agroforestry systems. 

The World Research Institute (WRI) called for the federal government 

to invest $4-4.5 billion per year to restore trees to the landscape through 

incentive payments or tax credits to landowners. That investment would help 

farmers and ranchers plant 15 billion new trees, which would sequester up to 

136 million tons of CO2 per year while maintaining comparable farm yields 

and providing new sources of farm income from fruit, nuts or timber. While 

many studies have found additional opportunities to sequester carbon in 

agricultural soils through practices like cover cropping.69 

6. Reduce food loss and waste. Historically, most efforts focused on 

reducing food loss and waste in the United States have been at the consumer 

level, where high amounts of edible food are thrown away by households and 

restaurants. However, COVID-19 has led to significant on-farm losses due to 

decreased food service sector demand, farms‘ inability to get food to 

redistribution centers, and reduction in labor availability due to health risks for 

farm workers.   In response, the USDA put programmes in place to buy some 

of the food that would have normally gone to restaurants and other food 

service outlets and distribute it to food banks. While this move is a good first 

step, other approaches can make the U.S. food system more resilient in the 

long-term, such as permanent programs that assist farmers in redistributing 

unsold food, technologies to better link farmers with other supply chain actors, 

and public support for farm workers during periods of economic hardship. 

The problem of GHG emissions from agriculture (affecting the climate) 

and the compromise for food needs of the expected population increases in 

the future causes major concern among scientists. Implementing mitigation 

requirements in agriculture (less emissions of CO2) could limit the potential for 

the increase of food and biomass supply and the continued support of rural 

livelihoods in the decades ahead. Cost-efficient distribution of mitigation 

efforts across regions and sectors is typically calculated in integrated 

assessment models using a global uniform carbon price (estimated by 

IPCC 2014). In reality there must be a differentiation in various areas for 

https://www.wri.org/blog/2020/02/how-where-plant-trees-us
https://www.wri.org/blog/2020/05/coronavirus-tackling-food-loss
https://www.politico.com/news/2020/05/04/usda-buy-470-million-dollars-produce-234388
https://www.wri.org/blog/2020/05/coronavirus-tackling-food-loss
https://iopscience.iop.org/article/10.1088/1748-9326/aa8c83/meta#erlaa8c83r31
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carbon price, so that it will lead to substantial impacts on food security and 

availability in Third World countries in Africa and Asia. Of particular concern is 

the impact on food security, if climate mitigation targets encompass the 

agricultural sector in vulnerable regions of the world with scarcity of food.70,71 

 

Conclusions 

The planet Earth is facing in the last decades serious natural resource 

and environmental challenges: Climate change, fresh water depletion, ocean 

over-fishing, deforestation, air and water pollution, the struggle to feed 

a planet of billions people. According to the United Nations the water-energy-

food nexus (WEF) is central to the future global sustainable development. 

Earth is facing global overpopulation explosion, fast urbanization, changing 

diets with food loss and waste, adverse impact on sensitive resources and 

biodiversity. All these aspects at a time of revolutionary digital, automation, 

artificial intelligence  and financial  economic growth.  

Fossil fuel production is still a dominant and growing part of the global 

energy mix. The application of renewable energy sources is advancing very 

fast but many obstacles remain for implementing the challenging reductions of 

greenhouse gases promised in the Paris Agreement. Decarbonisation, carbon 

sequestration and storage will be needed in the future to achieve the goals of 

reductions of atmospheric CO2 and keeping rising temperature  

Agriculture looks set to remain the biggest user of Earth‘s freshwater 

and a sector that contributes 30% of global GHGs emissions. The volume of 

food demand is growing with population expansion, Agriculture also is the 

largest consumer of the world‘s freshwater resources (70%), and more than 

25% of the energy used globally is expended on food production and supply. 

Water a finite resource becomes more stretched in the last decades, 

the energy and food sectors‘ dependence on water, and the fact that all three 

underpin several of the Sustainable Development Goals, means that decision-

makers in all three domains are now increasingly focusing on water resource 

management, ecosystem protection and water supply and sanitation as part 

of their policy and practice. 
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The inextricable linkages between these critical domains (water-

energy-food) require a suitably integrated approach to ensuring fresh water 

and food security, and sustainable agriculture and energy production 

worldwide. All of these challenges are exacerbated by ever rising demand.  All 

scientific reports and extrapolated estimates over the next 40 years showed 

that demand for fresh water will rise 50%, demand for food will rise 70%, and 

demand for energy will nearly double – all in the same period that we need to 

tackle climate change (rising temperatures), depletion of rivers and aquifers, 

deforestation, farming soil degradation, decreased biodiversity and air and 

water pollution in most countries, I particular for Third World countries.  
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