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Water-Food-Energy Demand

Increase in water, food, and energy consumptions (2015-2050) 



Driver of Changes…
• The global population is projected to have

grown by around 2.2 billion people by

2050, attaining a level of approximately 9.5

billion (medium projection).

• The growth rate of income (GDP per

capita) in OECD countries is projected to be

around 1.4% per year. In low-income

regions, the income growth rates are

assumed to be in the order of 3-5% per

year.



Water-Food-Energy Security
F-E linkages to Water Security:

• Food system influence water resources mostly through agriculture

activities

• Water supplies require energy

W-E linkages to Food Security:

• Food production - either plant or animal production - depends on water

supply and water quality

• Energy is needed in almost all food production chain to final consumption

to food waste disposal

W-F linkages to Energy Security:

• Water is required in almost all energy production and electrical power

generation

• Bioenergy such as biodiesel, bioethanol, and anaerobic digestion, present

direct and indirect link between energy and food/food waste. Land as a

means for growing food crops now can be used to grow energy crops

Continue…

Water Sector

(Resources, Supply and 

Demands)

Food Sector

(Resources, Supply and 

Demand)

Energy Sector

(Resources, Supply and 

Demands)

Water – Food

Nexus

Water-Energy

Nexus

Food – Energy

Nexus



W-F-E Linkages to Human Development
WFE linkages to HDI:

• Water shortage for irrigation associate with malnutrition which could

causes three years lifetime lost. (Pfister et al, 2009).

• water poverty of a nation is not related to water scarcity but, rather,

with the development level and per capita GNP. (Jimenez et al, 2007)

• The expansion of sanitation contributed to a 15-year increase in life

expectancy in Great Britain in the four decades after 1880 as reported

in (UNDP, 2006)

• There is a strong correlation between HDI and per capita energy

consumption. (Dias et al, 2006 and Martínez & Ebenhack, 2008)

• By changing the use of traditional energy conversion technology for

cooking, lighting and other usage to modern and cleaner one, can

increase HDI. (Ray, Ghosh, Bardhan, & Bhattacharyya, 2016)
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Case for Indonesia

SDG and national medium-term
development plan (2019-2025)
[Bellfield, et al., 2017]



System Dynamic Modelling
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System of Interest
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Model Structure

Continue…
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Population
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Human Development
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Human Development
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Water Sector
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Food Sector
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Energy Sector
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Oil, Gas and Coal production 
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Electricity Production

Continue…

Share of Electricity ProductionFossil Based Power Plant Renewable Energy Power Plant 



Electricity Demand

Continue…



Model Experiments



Conclusions

 Water, Food, and Energy are Interdependent and interplays with human

development

 System Dynamics Modelling is a way to carried out Nexus Assessment

 Population and Income per capita are two of the drivers of change in the

system

 There exist reinforcing and balancing mechanism through the nexus within

and across sectors
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