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Energy in the Nexus 

• Water for energy 
• Energy for water 
• Land for energy 
• Energy for agriculture 
• Issues: 

– Competition 
– Co-benefits 

• Tools 



Water for Energy 
• (Almost) non-consumptive uses 

– Hydropower: affects timing of flows, competing with 
fisheries, agricultural needs, and flood control; a major 
concern in the GMS 

– Cooling: once-through requires a minimal flow and a 
reservoir for the hot outflow; disrupts ecosystems; can be 
reduced considerably by recycling water and using 
seawater 

• Extraction and processing 
– Oil and gas production: 1-10 l/GJ 
– Oil sands: 10-1,000 l/GJ (hydraulic fracturing, or “fracking”) 

• Biofuels 
– 10,000-100,000 l/GJ 
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~ 

Hooegeveen et al., 2009 



Energy for Water 
• Energy intensity of clean water 

– Local surface water: 0.37 kWh/m3 
– Reclaimed wastewater: 0.66–0.87 kWh/m3 (can be offset 

by methane production, but land-intensive) 
– Desalinated seawater: 2.6–4.36 kWh/m3 (brackish water 

can be much lower) 

• Pumping 
– Substantial in South Asia 
– Rises as water tables fall (linearly from gravitational 

potential with considerable local variation) 
• Transport 

– Not substantial in the region at present 
– But water transport schemes imply large increases 

 



Heaps et al., 2013 
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Land for Energy 
• Fossil fuel production 

– Surface coal production or strip-mining 
– Extraction from remote areas (ecosystem disruption) 

• Bioenergy 
– Global resource in 2050 ~ 1/3 to 1/2 of current energy use1 
– Direct combustion (combustion can be efficient, but limited by 

thermodynamic properties of water; can use wastes) 
– Biogas (not land-intensive at small scale, but land-intensive as 

part of water treatment) 
– Biofuels 

• 1st generation: highly land-intensive, needs good-quality land, 
competitive with food production 

• 2nd generation: much lower land-intensity, wider variety of sources, 
but still competitive to some degree 

1Kemp-Benedict et al., 2012 



Land for Energy: Yields 
• Increasing harvest index 

– Benefits 1st generation biofuels 
– Tends to reduce available energy for combustion 

or 2nd generation biofuels 
• Increasing biomass production 

– Benefits any kind of bioenergy 
– Few good options for highest-producing areas: 

mainly efficiency of CO2 conversion 
– Considerable scope in low-yielding parts of Asia 

Kemp-Benedict et al., 2012 



Energy for Agriculture 
• The agriculture sector has low direct energy 

consumption compared to other sectors 
• But including supply chains, food accounts for 

about 30% of global energy use 
• A significant factor is the energy dependence 

in agriculture 
– Energy costs for land preparation, harvesting, and 

processing 
– Costs of fossil-fuel feedstocks in agriculture 

 



(POSSIBLE) COMPETITION 
Example 



Study Area: Huai Sai Bat Basin 

• Part of larger 
study for Mekong 

• A small but 
representative 
sub-basin 
– Poorest area of 

Thailand 
– Poor soils 
– Pronounced dry 

season 
• Study teamed 

worked with local 
RBO 



The Water-Energy-Food Security Nexus 

• Long-term national energy policy moves 
towards an “ethanol and biodiesel” goal, 
leading to changes in food cropping regime 
Upland rice  sugarcane 
Upland rice  cassava  

• Farmland in the region requires more water 
for cropping than other regions, as sugarcane 
and rice are top two water consumers among 
commercial plants. 
 
 
 



Study Conclusions (partial) 
• Patterns of economic development and land 

ownership can significantly affect poverty and 
livelihoods 

• If past patterns continue into the future, higher 
incomes will lead to a smaller share of crop area 
under food crops (including rice) 

• Land could shift toward some combination of 
mixed crops, re-forestation, and energy crops 
(and other cash crops) 

• Alternative land covers are not likely to 
significantly affect the water balance 
 



(POSSIBLE) CO-BENEFITS 
Example 



• Improved urban drainage in wetland area 
• Reclaim wastes through eco-sanitation 
• Produce biogas from wastewater 
• Use nutrients and water from reclaimed 

wastewater for peri-urban food production 



TOOLS 



A New Field, Few Tools 

• Holistic treatment of energy, water, and food 
is likely to lead to better decisions. 

• There are numerous interactions and impacts 
that make analysis very difficult. 

• Tools and expertise are not fully available to 
support the political dialogue. 

• Inclusive policy-making for integrated 
resource planning remains extremely 
challenging. 

Baszilian et al., 2011 



WEAP & LEAP 
The Water Evaluation And Planning (WEAP) 
• Used in 170 countries 
• Models the balance between water demand and supply at a range 

of spatial and temporal scales 
• Simulates real-world policies, priorities and preferences 
• Built-in rainfall-runoff model with options for crop water use (FAO, 

MABIA); can link to a MODFLOW groundwater model 
The Long-range Energy Alternatives Planning (LEAP) 
• Used in more than 190 countries 
• A powerful and versatile software system for integrated energy and 

GHG mitigation planning 
• Becoming the de facto standard for countries undertaking 

mitigation assessments and creating Low Emission Development 
Strategies (LEDs) 

WEAP and LEAP are available free of charge to all government, 
academic and not-for-profit organizations in developing countries. 



LEAP + WEAP for the WFE Nexus 
Actual hydropower generation 
& available cooling water. 
Water sector energy 
requirements 

Water requirements for 
hydropower & thermal cooling 

 

Assumptions on hydropower & 
fossil generation 
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          www.weap21.org                                             www.energycommunity.org        





Closing Comments 
• Current issues 

– Pumping in South Asia 
– Hydropower in the Greater Mekong Subregion 

• Emerging issues 
– Bioenergy 

• Future issues 
– Large water-transfer schemes 
– Non-conventional fossil fuel production 

• Potential 
– Current patters lead to competition for land and water 

from an insatiable energy sector 
– Focus on the insatiability (demand-side) and look for co-

benefits (supply-side) 
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