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The Rocky Mountain 

West:  Energy-Water-Food 

Nexus in a nutshell 

• An arid and fragile environment, 

which is projected to become 

more-so as the climate continues 

to warm. 

• An area of large resources to 

support  traditional (fossil-fuel) 

AND renewable energy resource 

development, but with limited 

water resources to support this 

development. 

 

Future projections indicate significant 

declines in available freshwater, 

which will require trade-offs between 

uses, including agricultural irrigation, 

energy development, and municipal 

and industrial uses. 
•   

 



Trends:  Water Use 
• Largest, and highest-priority, use of water is 

currently for agriculture (food for livestock and 

humans). 

• Water rights are being transferred over time 

from agriculture to municipal and industrial uses 

(which may threaten future viability of ag). 

• In many areas, significant use for energy 

development, especially thermo-electric power. 

• Current boom in traditional energy extraction 

(oil, gas, and coal), which consumes freshwater 

and produces non-potable brine. 
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Trends: Energy and Related Geologic Resources 

• Region provides a large fraction of the US energy 

resources.  

– Large amount of extraction of non-renewable sources of energy 

(coal, oil and gas, as well as uranium for nuclear energy). 

– Significant development of hydroelectric power. 

– High potential for alternative energy development, including solar 

and wind, as well as biomass and geothermal.  These 

technologies do not have large water requirements. 

• Potential for large scale energy storage 

– Geologic repositories for compressed air storage 

– Pumped storage hydroelectric projects 

 

 

 
 



Complex Inter-relationships between 

energy and water. 
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Complex Inter-relationships between 

energy and water. 
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Must consider how energy 

development will impact 

water resources and 

conversely, how water 

resources will constrain 

development of energy 

and energy resources. 



Risk:  Growing 

Cumulative Impacts 

of Energy use on 

water supply and 

demand. 



Temperature 

increase  is 

magnified in arid 

regions, especially 

in drought:  

 

Rio Grande Basin 

(1971-2011) 

• Average 

temperature 

increased by 0.7⁰F 

per decade, which 

is twice the global 

average 

 

Global Temperature and Carbon Dioxide Trends 



Exponential relationship between air 

temperature and water-holding capacity 

At higher 

temperatures, 

small change can 

lead to significant 

increases in water 

demand. 



Source:  Center for Climate and 

Energy Solutions, C2ES 

Risks: Extreme Temperature and Precipitation 



Impacts of Greater Energy in the Atmosphere 
• More precipitation falls as rain rather 

than snow; snowpack is not maintained 

or melts off earlier 

• Higher potential for meteorological 

extremes (droughts and floods); higher 

variability, and less predictability. 

• Larger, more intense wildfires, with 

impacts that cascade through the 

environment and human systems. 

• Increases in agricultural demand, 

riparian water use, and open-water 

evaporation. 

• Decreased hydropower production. 

• Increased withdrawals of non-renewable 

groundwater resources. 

• Overall – significant decreases in 

available water. 
 

 

 

 



Stationarity assumes that the 

statistical properties of hydrologic 

variables in future time periods 

will be similar to past time periods  

“Climate change 
undermines a basic 
assumption that  
historically has 
facilitated 
management of 
water supplies, 
demands, and 
risks.” 

 

12 

There is no “New Normal” 
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Opportunities: Technologies to 

increase available water supply 

– Low-energy treatment technologies to support 

potable and non-potable water re-use  

– Lower-energy technologies for treatment  

(desalinization) of brackish water, so that deep 

brines (and maybe even oil-industry produced 

water) can supplement supply. 

 

 



Opportunities: Technologies to 

increase water efficiency of energy 

production 
• Re-use of oil-industry “Produced 

Water” (for fracking, or maybe 

other uses with low-energy 

desalinization) 

• Re-use of waste energy from 

thermo-electric power plants (for 

example, to drive a treatment or 

desalinization process) 

• New policies, regulations & laws 

that permit energy & minerals 

development while protecting 

water resource 

 



• Decision-Support Tools to 

help prioritize / balance use 

of water and energy 

resources. 

• Real-time monitoring 

technology to support 

decision support, as well as 

longer-term planning. 

• Water saving industrial 

processes and 

infrastructure that save both 

water and energy. 

Opportunities: Technologies to 

increase water and energy efficiency 


