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Individual decision are taken on the basis of product prices. But if prices
does not reflect the overall scarcity and conséquences of their
consumption, then choices are sub-optimal

Identifies relationship between water energy and food qualitatively and
quantitatively

Develop a systemic approach

 helped to improve people's awareness about the water-energy-food
nexus

Objectives
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Plan

1. Backgrounds

2. The Water Energy Food question

3. The Water energy Food Nexus definition

4. WEF interdependencies : Description and quantification

5. Benefit of a cross sectoral approach



Background

World GDP is multiplied by 14 during the 20th century
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Background
Leading to a decrease in poverty

Source : Christian Morrisson et Fabrice Murtin (2012), Vers un 
monde plus égal ? Revue d’Economie du Développement, vol. 20.

UN (2020) The Sustainable Development Goals Report
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Background
But at the expense of environmental pressures

European commission (2014) REPORT ON CRITICAL RAW MATERIALS FOR THE EU
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Background
But at the expense of environmental pressures

Scientific debates about the role of resources depletion in economic growth is engaged since 1960-1970
Common sense predict that non renewable resource depletion should lead to resource shortage.

European commission (2014) REPORT ON CRITICAL RAW MATERIALS FOR THE EU
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Background
But at the expense of environmental pressures

Scientific debates about the role of resources depletion in economic growth is engaged since 1960-1970
Common sense predict that non renewable resource depletion should lead to resource shortage.

During 80’ more optimistic view : technical progress is able to push away resources boundaries due to
substitution effect between innovations and natural resources, the so called Kuznet-curve
 Resources are viewed as economic good and not only physical goods

European commission (2014) REPORT ON CRITICAL RAW MATERIALS FOR THE EU
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Background
But at the expense of environmental pressures

Since end 80’, resources questions

move from local issues to global 
concern

Concern shifted from resources 
exhaustion to environmental damage in a 
broad sense (pollution, disease…)

Development of earth boundaries not 
only for economic growth but also for life.

WWF (2016) Living Planet Report
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The Water Food Energy
question
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WEF questions
Among all resources, water, food and energy are of critical importance because it is essential to livelihood 
(Bruntland report)

They share comparable characteristics

All three areas have many billions of people without access (quantity or quality or both).

All have rapidly growing global demand 

All have resource constraints.

All are “global goods’’ and involve international trade and have global implications.

All have different regional availability and variations in supply and demand. 

All require the explicit identification and treatment of risks

All 3 are vulnerable to climate change and contribute significantly to that change

Bazilian (2011) Considering the energy, water and food nexus: Towards an integrated modelling approach, Energy Policy 39
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WEF questions
Among all resources, water, food and energy are of critical importance because it is essential to livelihood 
(Bruntland report)

They share comparable characteristics

All three areas have many billions of people without access (quantity or quality or both).

All have rapidly growing global demand 

All have resource constraints.

All are “global goods’’ and involve international trade and have global implications.

All have different regional availability and variations in supply and demand. 

All require the explicit identification and treatment of risks

All 3 are vulnerable to climate change and contribute significantly to that change

So they present deep security issues as they are  fundamental to the functioning of the society

Bazilian (2011) Considering the energy, water and food nexus: Towards an integrated modelling approach, Energy Policy 39
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WEF questions
WEF security definition

Food security
“Food security exists when all people,
at all times, have physical and
economic access to sufficient, safe
and nutritious food that meets their
dietary needs and food preferences
for an active and healthy life”. (World
Food Summit, 1996)

Water security 
The capacity of a population to
safeguard sustainable access to
adequate quantities of and acceptable
quality water for sustaining livelihoods,
human well-being, and socio-economic
development, for ensuring protection
against water-borne pollution and
water-related disasters, and for
preserving ecosystems in a climate of
peace and political stability.

Energy security
“The uninterrupted availability of energy

sources at an affordable price” (IEA)
Energy security is composed of 3
• reliability
• Affordability
• accessibility to supplies.

Physical and economic determinants



WEF questions

Consequences of food and water insecurity : reduce development

FAO (2008) An Introduction to the Basic Concepts of Food SecurityNext decades will have to deal with two challenges :
Necessity to bring water, energy and food security to these people
Increase in world population (10 billions in 2050)
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Future trends

Next decades will have to deal with two challenges :

Necessity to bring water, energy and food security to these people

Increase in world population (10 billions in 2050)
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Future trends

OECD (2012) Environmental Outlook to 2050

Agriculture and power sector are
the main water consumer

Total global water withdrawals
are projected to increase by 50
percent by 2025 in developing
countries, and 18 percent in
developed countries

Future trends in water demand
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Future trends

Water stress is expected to 
increase significantly in many
regions

Future trends in water demand
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Future trends

Water scarcity projection 
in Asia

ADB (2014) Thinking about Water Differently

71% +46%

+91%

Future trends in water demand
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Future trends

Primary energy demand

+ 70%
+ 170%

Power generation

Energy International Agency

 Global energy consumption is projected to grow by close to 50 percent by 2035 and 80 percent by 2050 (IEA 2010). 

Future trends in energy demand



Future trends

Ministère de l’Agriculture et de la pêche (2011) La demande alimentaire en 2050 : chiffres, incertitudes et marges de manoeuvre

 60 percent more food will be required to be produced by 2050 in order to meet the demand of more nutritious 
and better quality food. Diet is supposed to move towards an increasing share of animal product

IPCC (2020) Climate Change and Land 

Future trends in food demand
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Water Food Energy Nexus 
definition
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WEF Nexus definition

Consequences

growing demand for energy, food, and water  an intensification of resources use. 

Challenges

Achievement of goal in one sector could negatively affect other sector

Competition among resources
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Misrepresentation

Trade off example 1

To feed growing population, countries was engaged in intensive
crop production, intensive in water use, energy and chemical
product. To reach this goal, water and energy subsidies were
promoted.

Consequences

Acceleration of deterioration of land soil and water quality

groundwater depletion

Because of intensive use of energy, food production has
become vulnerable to price of energy

IPCC (2020) Climate Change and Land 
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Misrepresentation

Trade off example 2

Objective : Enhance energy supply and reduce dependency on fossil fuel

Consequences

diverting cultivable land for biofuels  threaten food security 

lead to social impacts due to higher food prices

For large scale biofuel promoting policy trade-offs have to be made between food security, 
biodiversity, and climate change
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Misrepresentation

Trade off example 3

30% of the food produced globally goes to waste

 all the land, water, energy, seeds, fertiliser, labour, capital and other resources that went 
into its production also go to waste. 

this translates to wasting at least 6% of total global greenhouse gas emissions

WWF (2016) Living Planet Report
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Misrepresentation

“a system’s performance cannot be optimized by optimizing the performance of its
subsystems taken in isolation from one another . . .efforts to avoid unwanted policy
outcomes and to identify leverage points for effective change must take into
account the effect of interactions between sectors.”

Smagl et alii (2016) from Newel et alii (2011)

Smajgl et al.  (2016), The water–food–energy Nexus – Realising a new paradigm Journal of Hydrology
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WEF Nexus definition

Food, water, and energy are then 
inextricably linked in a nexus, and 
actions in one sector influence the 
others

Food production requires water and 
energy

Water extraction, treatment and 
distribution needs energy

Energy generation requires water

Examples of interconnections:
Agriculture accounts for 70% of 

total global freshwater 
withdrawals

 90% of energy produced today is 
water-intensive 

Agriculture & food chain account 
for 33% of global energy 
demand 
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WEF Nexus definition

Food, water, and energy are then 
inextricably linked in a nexus, and 
actions in one sector influence the 
others

Food production requires water and 
energy

Water extraction, treatment and 
distribution needs energy

Energy generation requires water

Examples of interconnections:
Agriculture accounts for 70% of 

total global freshwater 
withdrawals

 90% of energy produced today is 
water-intensive 

Agriculture & food chain account 
for 33% of global energy 
demand 

 Needs for understanging linkages
 Needs for a holistic vision of sustainable development
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WEF Nexus definition

Smajgl et alii (2016)  The water–food–
energy Nexus – Realising a new paradigm, 
Journal of Hydrology
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WEF Nexus definition

Smajgl et alii (2016)  The water–food–
energy Nexus – Realising a new paradigm, 
Journal of Hydrology

What are the drivers of the nexus  ? 
 Population
 Income
 policy, 
 technology, 
 Governance

 And also climate change
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WEF Nexus definition

Climate
change as 
a driver of 
WEF Nexus
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3°

2°

Baseline

2050 : -25% à -75% with respect to 2010

5°

4°

Trajectory if 
compliance with
Paris agreement

IPCC (2014)

WEF Nexus definition

Climate
change as 
a driver of 
WEF Nexus
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WEF interdependencies
Description and quantification
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Interlinkage representation
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Water – Food Nexus

Water Food

Water is used for food
Irrigation
livestock

From food to water
pollution
(Point and non point source)



Water – Food Nexus

UN (2012) Managing Water under Uncertainty and Risk 36
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Water for food

Area equipped for irrigation: historical and projected (Mha).

Hertel, T. W. and J. Liu (2016), “Implications of water scarcity for economic growth”, OECD Environment Working Papers, No. 109, OECD Paris.
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Water for food

Hoekstra and Mekonnen (2012) The water footprint of humanity, PNAS

Irrigation uses mainly surface water…
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Water for food
Long term average groundwater recharge rates (mm/year)

…in some area agriculture 
uses intensively groundwater

Hertel, T. W. and J. Liu (2016), “Implications of water scarcity for economic growth”, OECD Environment Working Papers, No. 109, OECD Paris.
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Water for food

Y. Chang, G Li, Y Yao, L Zhang and C Yu (2016), Quantifying the Water-Energy-Food Nexus: Current Status and Trends. Energies, 9, 65. 

Water for aquaculture 
also ! 



Water for food

Hoekstra (2009) A Comprehensive Introduction to Water Footprints
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Water cost curve

Hertel, T. W. and J. Liu (2016), “Implications of water scarcity for economic growth”, OECD Environment Working Papers, No. 109, OECD Publishing, 

What are the 
cost of water 
savings
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From food to water

OECD (2012) Environmental Outlook to 2050 : the consequences of

inaction

Nitrogen comes from fertiliers use

Phosphorus comes from animal 
manure

Excess nutrient causes eutrophication 
of surface and coastal water 
(stimulation plant growth leading to 
oxygen depletion)
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Energy – water Nexus

Energy Water

Water for energy
• Hydropower
• Extraction
• Electric power generation

Energy for water
• Desalinisation
• pumpage
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Water for energy



46

Water for energy

Yoon (2017), A Review on Water-Energy Nexus and Directions for Future Studies: From Supply to Demand End, 
Documents d’Anàlisi Geogràfica 2018, vol. 64/2 365-395
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Water for energy

Yoon (2017), A Review on Water-Energy Nexus 
and Directions for Future Studies: From Supply 
to Demand End, 
Documents d’Anàlisi Geogràfica 2018, vol. 64/2 

365-395
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Water for energy

Water impact of hydropower 

 Costs

 Water consumption is reduced to evaporation (≠ from run-of-river ?)

 downstream impacts associated with altered flow (sources of conflicts)

 Benefit

 Power generation

 Water storage for irrigation upstream

See Shokhrukh-Mirzo Jalilov, Olli Varis and Marko Keskinen (2015) Sharing Benefits in Transboundary Rivers: An Experimental Case Study of Central Asian Water-
Energy-Agriculture Nexus, Water, 7
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Water for energy

UN (2014)  
: Water 
and Energy
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Energy for water

Energy to produce water

 Groundwater pumping : energy is necessary to pump water for sanitation and irrigation. for
example, energy use for moving and treating water and wastewater represents over 12% of total
U.S. primary energy consumption

 Energy for clean drinking water : energy is used to boil and sterilize water

 Water desalination : energy can be used to desalinize salt water to provide fresh water in dry
coastal country. Need a large amount of electricity

 Waste water treatment
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Energy for water

ADB (2014) Thinking about Water Differently
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Energy – Food Nexus

Energy Food

Energy for food
• Pumping for Irrigation

• Modern technologies 

• Food transportation

• Cooking

Agriculture for Energy
• biofuels
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Energy for Food
Indicative shares of final energy consumption for the food sector globally and for high and low GDP 

countries 

UN (2014)  : Water and Energy
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Agriculture to energy

Bioenergy represent 14% of global energy
consumption

UN (2014)  : Water and Energy
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Conclusion
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Benefits of nexus approach

The benefits of a nexus approach can be summarized as follows:

 Help to better understand interrelationship between WEF

 Identify integrated policy solutions to minimize trade-offs and maximize 
synergies across sectors

 Ensure policy coherence and coordination across sectors and stakeholders to 
build synergies and generate co-benefits.

 Provide opportunity to increase resources use efficiency (at international, 
national, community or individual scale)



Usefulness
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 Environmental pressure inventory at different scale level (world, national, city, communauty or firm)
Marko Keskinen et alii (2015) Water-Energy-Food Nexus in a Transboundary River Basin: The Case of Tonle Sap Lake, Mekong River Basin, Water
Welsch et alii (2014), Adding value with CLEWS – Modelling the energy system and its interdependencies for Mauritius, Applied Energy 113, pp 1434–1445
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 Environmental pressure inventory at different scale level (world, national, city, communauty or firm)
Marko Keskinen et alii (2015) Water-Energy-Food Nexus in a Transboundary River Basin: The Case of Tonle Sap Lake, Mekong River Basin, Water
Welsch et alii (2014), Adding value with CLEWS – Modelling the energy system and its interdependencies for Mauritius, Applied Energy 113, pp 1434–1445

 Benchmarking resources consumption for producers (example in agriculture)
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Thank you for your attention
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Annex
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ADB (2009) The Economics of Climate Change in Southeast Asia: A Regional Review

Water availability is affected by CC
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Agriculture is affected by CC

Asian Development Bank (2009) , The Economics of Climate Change in Southeast Asia: A Regional Review
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World Bank (2010) Economics of Adaptation to Climate Change : Vietnam

Agriculture is affected by CC
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IPCC (2014)


