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There are global opportunities for better efficiency and 

resources conservation in the water, food, and energy 

supply chains. 

The idea is to improve components of the food 

production supply chain with respect to water and 

energy use as well as reducing food wastage. 

Food wastage accounts for 1380 km3 of water being 

wasted every year globally and is equivalent to a value 

of US$ 252 billion. 

Translated to an easier to understand volume it equates 

to a person wasting on average 243 litres a day of 

water in the food they throw away.
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Change in Global Population

between 2010 and 2100 (X106)





Global Food Crisis: 
925 million people hungry in 2010









By the year 2030, the following should have 

been achieved:

◼ A doubling of global water productivity 

◼ A realisation of the human right to safe 

drinking water and sanitation

◼ Increased resilience to water-related disasters

◼ Increased food production



A closer look at 

Water-Energy-Food 

Nexus





2 % POLAR 

ICE CAPS

97%

OCEANS
1%

AVAILABLE 

FOR USE









Availability of Freshwater
Average river flows and groundwater recharge





Water requirements for food production 1960-2050







Agricultural water use by country







The importance of water:

•Water is the key to food security
– without water, crops simply cannot grow. 

•Water is not just for primary production 
– it plays a vital role at all stages along the                           

agricultural value chain 

•Water for agriculture connects us all together 

– In times of scarcity we all have a

responsibility to use water wisely, efficiently

and productively.

We need to be more ‘water smart’.



Water Supply Chain



Efficiency of water management

Method Efficiency Remarks

Flood irrigation 60 – 90% New water management 

control technologies

Sprinkler irrigation 70 – 90% From high pressure to low 

pressure application

Trickle irrigation 80 – 85% Reliability, durability and 

water management

Sub-surface 

irrigation

90 – 95% Shallow soil management

Controlled 

drainage

50 – 85% Maintain  and manage high 

water table as appropriate

State of  the art 

water 

management

85 –

100%

Soil moisture management 

and delivery system 

management
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Water needs energy

Energy is vital to providing water →

needed to power systems that collect, 

transport and distribute water.

(US Department of Energy, 2006)





“Energy production consumes significant amounts of 

water; providing water, in turn, consumes energy.

In a world where water scarcity is a major and 

growing challenge, meeting future energy needs 

depends on water availability –and meeting water 

needs depends on wise energy policy decisions.”

(World Policy Institute and EBG Capital, March 2011)

http://www.worldpolicy.org/policy-paper/2011/03/18/water-energy-nexus
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Energy needs water

◼ Energy production depends on water → some 

580 billion cubic metres of freshwater are 

withdrawn for energy production every year 

(IEA, 2012)

◼ Water is used for primary energy production 

as well as power generation especially for 

cooling at thermal power plants

◼ Extraction, transport and processing of fuels 

and irrigation to grow biomass feed-stock are 

also water intensive



Power Generation
Type BioMass Coal Nuclear Natural 

Gas

Solar Wind

Water Impact Moderate High High High Low Low
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Key uses of water for primary production (IEA, 2012)



People without access to electricity

Data source: 

IEA WEO 2012 Table 18.1, p532 

Africa

57%

Asia

18%

World

19%



Energy Supply Chain



Examples of energy savings

◼ Virtual Energy

◼ LEPA: Low energy precision application systems

◼ LESA: Low Energy Sprinkler Application 

◼ Utilising of low pressure drip irrigation technologies

◼ Improved Irrigation scheduling





Challenges

Demand for food

1 billion people are threatened by hunger

2 billion people can not afford healthy diet

Additional drivers

+population increase

+additional demand for food 

due to increased income

Food production need to increase

+42% until 2030

+ 70% until 2050D
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What is food security?

There are many different definitions of food 

security. The definition frequently used as 

defined at the World Food Summit of 1996:

Food security is existing when all people at 

all times have access to sufficient, safe, 

nutritious food to maintain a healthy and 

active life.



What is food security?

Food security includes the following aspects:

• Availability

• Access

• Affordability

• Quality

• Nutrition

• Safety



2017 Global Food Security Index

Source: Economist Intelligence Unit/DuPont

http://foodsecurityindex.eiu.com.

http://click.conversations.dupont.com/?qs=eb858739df3bf0e702094b7255f936666d29243bbb8e781e67f717050ad2a584


Cultivated Land Worldwide

1 533 Mha – Total world Agriculture Area

300 Mha – Currently under Irrigation

20% of total agricultural land area 

supplies about 40% of the world’s food

14 Mha - Drip irrigated

Crop productivity values:

- Rain fed 30% of Irrigation 

Total World Agriculture
1 533 Mha

14 Mha 0.91% 300 Mha 19.87%.
Source: ICID - CIID 



Arable land per capita in ha





Land available for crop expansion is limited



No equivalent increase in yield

Target of 60%
increase



Gap between farmer’s yields and achievable yields



Per capita food production

Calculated as: total production/population

Growing, but not as rapidly as total production

Annual growth rates:

1950s:  1.4%

1960s:  0.8%

1970s:  0.4%

1980s:  0.4%   … and holding steady



World Agricultural production



Food Supply Chain



Virtual Water is the amount of water that 

is embedded in food or other products 

needed for its production. 

Virtual water refers to the amount of 

water required to produce a good from 

start to finish or it is the volume of 

freshwater used to produce the product, 

measured at the place where the product 

was actually produced. 

Virtual Water







Examples of food saving

◼ Food wastage: 243 litres of water a day in 

the food they throw away =150% of daily 

home water use (UK Statistic)

◼ USA wastes 40% (think of virtual water & 

virtual energy).

◼ Other countries…?



Food recycling





Water dependant

Irrigated
Agriculture,

300 million ha

Rainfed 
agriculture

1233 million ha



Rainfed agriculture,
1233 million ha

(81%)

Irrigated
Agriculture,

300 million ha
(19%)
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World-wide Coverage of Irrigation

Rice irrigated Area

102 Mha, 34 %

Irrigated area of other crops

198 Mha, 66 %

Sprinkler,

38 Mha, 13%

Micro irrigation,

14 Mha, 5%

Gravity irrigation,

248 Mha,82%

Total irrigated area = 300 Mha



Division Achievement

Power and 

Machinery 

Division

The development of the agricultural tractor

The development, versatility and productivity of self 

propelled combines

The development of the 3 point hitch and draft 

control system

The invention and development of the chisel plough 

for erosion control and primary tillage

The use of rubber tyres on tractors

Structures 

and 

Environment

Standard designs for agricultural structures 

The development of slotted inlets for ventilation in 

animal housing

The integration of systems for low-cost and low-

energy consuming greenhouses

The development of cyclone air pollution abatement 

system

Outstanding Agricultural Engineering Achievements of the 

20th Century

(Cuello and Huggins, 2000; Howard, 2007)



Division Achievement

Food 

Processing

Understanding of the fissuring mechanism in rice

Evaluation method for Mycotoxin sampling plans

The development of mechanical grain aeration

Development of grain dryeration processes

Bulk curing of tobacco

Information 

and 

Electrical 

Technology

Rural electrification

Refrigerated on farm milk storage

Non-destructive quality evaluation of food and feed 

grains

The development of automated milking machines

Other The development of roll-over protective structures for  

wheeled agricultural tractors

The developments of standards by the ASAE 

Outstanding Agricultural Engineering Achievements of the 

20th Century

(Cuello and Huggins, 2000; Howard, 2007)



Division Achievement

Soil and 

Water 

Division

Erosion prediction technology for soil conservation

Design procedures for vegetative waterways

The development of conservation tillage systems

The design of the impact sprinkler

The development of the centre pivot system for 

irrigation

The small watershed programme for flood and 

erosion control

The development of drip irrigation systems

Outstanding Agricultural Engineering Achievements of the 

20th Century

(Cuello and Huggins, 2000; Howard, 2007)



Digitization is the future to process information into a digital 

format by generating a series of numbers that can be used  

for food production improvement.



Agricultural robots











ICID Membership Network 2018

Present active network spread over 78 countries, 

covering over 95% of the irrigated area 

of the world
http://www.icid.org/nc1.php



POVERTY



Roadmap to ICID Vision 2030

Vision and Mission

Vision

Water secure world free of poverty 

and hunger through sustainable rural 

development

Mission

Working together towards sustainable 

agriculture water management 

through inter-disciplinary approaches 

to economically viable, socially 

acceptable and environmentally 

sound irrigation, drainage and flood 

management



Roadmap to ICID Vision 2030

Organisation Goals



Goal A: Enable higher crop productivity with less 

water and energy

Strategies

A1 : Modernization of irrigation systems

A2 : Improving O&M of Irrigation Systems

A3 : Implementing water saving techniques and technologies

A4 : Promoting Institutional Reforms

A5 : Supporting water productivity enhancement

A6 : Improving performance of irrigation systems

A7 : Using wastewater or poor quality water for irrigation

A8 : Encouraging participatory management of irrigation

systems







Food security is one of the biggest 
challenges facing humankind. There 
are many factors which have 
combined to make food security 
such a large issue. This includes:

• Increasing population - In 2012, 
the world population was 7 
billion. By 2050, it is predicted to 
reach 9 billion. Our current 
output of food is not enough to 
feed a population of 9 billion. 

What are some of the issues affecting world food security?



• Changing diets - As countries 
develop and people become richer 
they tend to eat a more varied diet, 
including more meat, which requires 
more energy to produce. This also 
means there is more competition for 
the same types of food. 

• Reduced arable land - The drive to 
produce more biofuels for transport 
uses edible crops and has reduced 
arable land. 

What are some of the issues affecting world food security?



Transport costs - The relatively high 
price of oil in recent years has 
increased the price of food storage 
and distribution. 

Climate change - Climate change is 
leading to a warmer world which will 
affect what crops can be grown 
where. Climate change can also lead 
to more frequent extreme weather 
events (e.g. floods) which can damage 
crops.



Pests and diseases - Pests 
and diseases are becoming 
more resistant to pesticides 
and sprays. The changing 
climate is also bringing pest 
and diseases into new 
areas where they could not 
previously survive.  



Challenges of the Water-Energy-Food Nexus to 

Manage Climate Change

◼ Moving towards a Green and Bio-economy for 

sustainability

◼ Water efficiency: from 60% - 95%

◼ Energy efficiency: from high to low use, bio 

energy, limit wasteful transport of foods

◼ Food efficiency: stop wastage of 30 – 40%; it 

saves water and energy

◼ Apply technology to improve food production



Thank you


