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Presenter
Presentation Notes
2012 is a drought year. Water conservation is a public good. It’s time to cut back on our water use and let the lawn die a quick death.  Right? 

But wait! The energy sector has the potential to save 3 times as much water as is used in all of our cities combined -- and nobody is asking them to cut back. 

Why not?  If that doesn’t make any sense, they welcome to the murky zone known as the “Water-Energy Nexus” – or  “WEX World”



Water- Energy Nexus   
Nexus Positive Nexus Negative 

Actions that “break 
bonds” between 
energy and water 
use. 
• Public  education 
• Green Infra-structure 
• Net metering 
• Reporting 
• Water Monitoring 
• Conservation cost 

recovery 
 

 
 

Actions and 
inactions that 
strengthen bonds: 
• Professional siloes. 
• Water supply 

leakage 
• De-sal and trans-

basin water 
pipelines 

• Old building codes 
• Free water 
• No price on carbon 
 
 

Presenter
Presentation Notes
The Water-Energy “nexus” is an abstract concept and not very accessible to the public.  The nexus can also be seen as a vicious cycle or a double helix with multiple bonds between the two strands.  Seeing potential “nexus positive” actions or “nexus negative” policies requires that we get out of our siloes enough to NOTICE how wasting one resource leads to waste in another.  Nexus positive changes would include net metering to toilet rebates, instream flow policies to renewable energy incentives.  
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Energy Intensity of Water Supplies 
 (kWh/MG) 

Typical Range = 2,000 to 20,000 kWh/MG  

Source: California Energy Commission, 2005 Integrated Energy Policy Report 
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Presenter
Presentation Notes
For example, “Nexus thinking” means cross-sector collaboration to find options that can’t be seen from just one silo and have a bigger impact. 
So we started by looking at the Water Use Cycle  for municipal water and how energy is embedded in each step of the process. 
The energy to pump, heat and treat water is a huge part of municipal expenses, often subsidized by taxpayers or passed on to consumers.  




4 

Carbon Footprint of Water is more than 
13% of  U.S. electric use 

Presenter
Presentation Notes
It adds up across the country to the equivalent of at least 13% of total electric generation or as much as 5% of the total greenhouse gas emissions in the country. Saving water helps reduce climate change by saving energy.   Programs that focus on reducing leakage from delivery systems save the most water and those that focus on hot-water conservation save more energy.  



Presenter
Presentation Notes
River Network is concerned about the sustainability of public water supplies and  aquatic ecosystems – which are both threatened in the face of climate change 

First lesson in WEX World: thirsty cities need energy to heat, treat and move their water.  

Second lesson: Drought increases the demand for more energy development that ends  up using more…water.







Thermoelectric uses… 
• As much as all 

agricultural 
water  

• 53% of all 
fresh surface 
water 
withdrawals 
(USGS, 2010) 
 
 

 Chart Source: Union of Concerned Scientists, Energy and Water in a Warming World, 2011 

Presenter
Presentation Notes
What we know in WEX World: 
U.S.G.S. says that thermoelectric energy accounts for 53% of all fresh, surface water withdrawals.  This does not count hydropower usage. 
The actual amount needed varies from region to region and plant to plant based on cooling systems. The Union of Concerned Scientists demonstrated a huge gap between what is reported and what is actually used . 



Renewables save water 

Presenter
Presentation Notes
In WEX World we know that energy efficiency, PV solar and wind are essentially water free energy sources   --A DOE report is 2003- made this clear.  I think?
In WEX World people can’t understand each other’s numbers very well.  Energy people use different types of numbers than water people. 
If you are an energy person – You know the difference between a killowatt and a megawatt. So it’s ok that you don’t understand when water is “withdrawn” versus “consumed.” 
We aren’t even sure  when water is “saved” since it all goes downhill to the ocean and there is the same amount of water on the planet as there always has been. 

So, water people often use “teacup” maps to understand hydrology…



Public Water Supply 

The Water Footprint of Electricity 

Presenter
Presentation Notes
So in WEX World I think we should use water balloons to illustrate the concept of the Water Footprint of Electricity.  
These balloons are roughly to scale, although solar and wind should be so small you can’t see them. 
But, why even calculate it if it isn’t going to be a perfect fit? 
Because, to talk about sustainable management we need to know where we are starting from.
If we agreed on how much water is in these balloons today, we still couldn’t agree on what should be in them tomorrow.
And there is no mechanism to compare options or set standards or move the water to other places where people really need it – without – AHH -- using more energy!




Energy-related Water Stress is here 
 

Source: Union of Concerned Scientists: 2011  

Presenter
Presentation Notes
According to the UCS report there are many basins that are already experiencing “water stress” because of energy-sector water use.  Remarkably many of these are in the water-rich states where they may not even know they are in potential trouble during the next drought. 

What we don’t know in WEX world : 
How bad will the next drought be?
When does “sustainable use” become“water mining”? 
How much could water-use change because of new energy policies and new demands? 




Water Footprint  of  
Hydropower 

• Dams and reservoirs have 
largest water use and 
consumption of all electric 
technologies 

 
• Estimated average consumption 

of 9,000 gallons per MWh 
 
• Highest evaporation rates are in 

warm & dry climates 
 

Presenter
Presentation Notes
What we DO know….starting with the top energy-sector water user…

Hydropower has the largest water consumption and “needs” more water than any other source on a per kwh basis. In a drought, the rivers dry up first, and then the reservoirs.
All of that water “used” by hydro is impacted at least by sitting in a reservoir and heating up. 
  
Anyone in Idaho knows they will see an automatic increase in electric rates in any year that it doesn’t snow very much. 



Water Footprint of Thermoelectricity 

• Fastest growing water use sector 
• Thermal pollution contributes to algae 

blooms  
• Plants may experience more shutdowns 

as water-intake temperatures increase 
 

Presenter
Presentation Notes
And then thermoelectric power plants in general also make our grid very thirsty. The type of fuel isn’t so much the issue as the type of cooling it uses.



 

Water Footprint of Coal 
 

• U. S. grid was 44.5% coal in 2009 
• Total water use of 16,052 gallons per 

MWh Consumption =  692 gallons/MWh  
• Causes acid rain, mercury, coal ash 

disposal problems. 
• Carbon sequestration increases water 

use 
 

40% of coal plants  
use once-through 

Presenter
Presentation Notes
Keeping old coal plants going means having a water-intensive grid.  
Not only because of once-through cooling, but also because of CCS that has the potential to increase water use by 10% to 30%.



Report does not include “fracking” water 
withdrawals or consumption   
“Methane emissions are at least 30% more than 
conventional gas. Compared to coal, the footprint of 
shale gas is at least 20% greater and perhaps more 
than twice as great on the 20-year horizon.”   
– Climatic Change, Robert Howrath, et al., DOI 
10.1007/s10584-011-0061-5 
 

Water Footprint of Natural Gas 

• On average in 2009, 
producing electricity 
from Natural gas used 
6,484 gallons per MWh 

Combined cycle 
technology uses less 
than single cycle  

Presenter
Presentation Notes
Natural gas may be reducing the carbon-intensity of our grid, and has less direct water use than coal -- But non-conventional gas drilling has a much higher “up-stream” water footprint which is just coming into the published literature on a per-kilowatt hour basis.
. 



Water Footprint of Nuclear Energy 

• Nuclear was 20% of grid in 2009 
• Direct consumption is greater than coal  
• Average need 14,811 gallons per MWh 
• Water impacts of waste disposal unknown 

38% of plants in 2009  
were “Once through” 

Presenter
Presentation Notes
Nuclear fission has the largest need for waste-heat  disposal.  This can create huge problems for freshwater rivers and lakes.  
In a drought or heat wave – they are the first to have their cooling systems overheat. 



Concentrated Solar 
Thermal can have a 
relatively high water 
footprint  

PV Solar and Wind 

1. Wind has lowest water use 
(less than 61 gall per MWh) 

2. WF of PV solar is next lowest 
at 231 gallons per MWh 

3. “Upstream” water use is larger 
than on-site use. 

Presenter
Presentation Notes
PV solar and Wind wont turn off in a drought. 
Wind has essentially no on-site water requirements – and the lowest “upstream” water footprint. 
PV solar is in the same ballpark; 
Concentrated Solar is essentially a thermoelectric process so it uses more water than PV solar. 



Comparing energy options  

Presenter
Presentation Notes
So, by fuel type -- adding “up-stream” water use and “on-site” water use (as weighted by the prevalence of cooling technologies)  -- we can show numbers that only apply to 2009.
But they gives us something to compare  -- the real grid delivering power to your house comes from a mixture of these sources and hydropower.
  





Water consumption  
for 1 kWh 

Presenter
Presentation Notes
Hydropower is still really an outlier. Since this water is not “withdrawn” from the river it is not reported to the Energy Information Agency.  
How we add these things together is worth more discussion.



Water needed to make 1 MWh  
Table 2: Water Footprint of Electricity  

(gals/MWh weighted national average) 

Fuel Percent of 2009 
U.S. grid 

"Blue Water" 
Consumption 

"Gray Water"  
(Additional Non-

consumptive) 

Total Water 
Footprint 

          
Coal 45%                     308                     6,835                  7,143  
Hydroelectric 7%                     612                  29,308                29,920  
Natural Gas 23%                       40                     1,472                  1,512  
Nuclear 20%                     116                     2,880                  2,995  
Geothermal 0%                          2                           -                            2  
Solar 1%                    0.01                             2                          2  
Wind 2% 0.02                            1                          1  
Other 2%                        -                             -                           -    

Total U.S. gal/MWh                  1,078                  40,498  

              
41,575  

Total U.S. gal/kWh 
1.1                         40  41.58 

Presenter
Presentation Notes
The way I did it was to weigh the averages for each fuel type a second time, based on the prevalence of each source in the 2009 grid . 
Doing it that way I calculated a benchmark number for the average 2009 Water Footprint of Electricity of approximately 42,000 gal/MWh or 42 gallons per kWh.

That’s bad.  
I think? 




 Five times as much as direct water use 
 Indirect household water 

28,663

6,843

1,448
2,869

Water Footprint of Household Electrical Use 
(Average = 39,829 gallons/month)  

Hydroelectric

Coal

Natural Gas

Nuclear

5 galls for Solar, wind, geothermal

Residential Household Water 
Use 

(Average = 7,336 gallons/month)

Presenter
Presentation Notes
The average household uses just under 1 MWh of electricity each month (958kWh) –  so using our calculations, the average house “needed” just under 40,000 gallons of water each month just to keep the lights on. 
That was five times as much as the average household used for direct residential water use – or the equivalent of 500 bathtubs filled to overflowing just to keep the lights on for a month.

Do we have enough water for that?  Not everywhere.
What if  there is a conflict between public water supply and water for energy use?



Policy Discussion:  
How do we get more water?  

• Save energy.  
 
• Review management of 

existing dams to help meet 
changing needs 
 

• Increasing wind & solar to 
40% of grid would reduce 
U.S. thermoelectric WFE by 
60% (& reduce consumptive 
use by 11%) 
 

 

• Eliminating once-through 
cooling -- by itself -- could 
reduce thermoelectric portion of 
WFE by 68%, but may increase 
thermoelectric consumptive use 
by 20%. 
 

• Eliminating “once-through” 
cooling AND increasing low-
water renewables to 40% of the 
grid could reduce thermoelectric 
water use by 83% and 
consumption by 27%.   
 

Presenter
Presentation Notes
How do we get more water? 
Energy conservation and water efficiency across both sectors.  Looking especially for the green areas such as…
Climate change changes watersheds. Existing dams need to be evaluated – removed, improved, re-allocated if necessary.  Having a public process to review benefits of federal dams would be a step in the right direction.  
The second two points on this slide have numbers so they are subject to debate –  my back of the envelope calculations show that reducing fossil fuel usage and increasing wind and solar would do a lot – but only 11% of consumptive use.  
Eliminating 1Xthrough cooling would help rivers a lot, but would increase consumptive use which doesn’t help water supply.  

That’s why we have to start a cross-sector  language to talk about these types of scenarios.



Public Water Supply  
Total Withdrawals:  
44.2 Bgal/day.  

Potential for Change?   

Thermoelectric water use:      
   201  Bgal/day 
   X.83   
Potential savings: 166   Bgal/day  

Presenter
Presentation Notes
What is the potential for reducing water use?

Since the energy sector uses so much more water than irrigation or water supply -- in theory – has the potential to save 3 times as much water as is used by all of our cities combined.  

That’s not likely to happen without more public visibility for the Water Footprint of Electricity.  The real call to action for the monitoring community is how to make those impacts real and understood.  




Nexus Positive:  
“What Ifs”  

• What if an energy company’s 
“Energy-Return-on-Water-
Invested” had to be reported 
to state energy regulators?  
 

• What if water wasn’t free – 
but had a societal or 
“opportunity cost”  which 
was considered in energy 
regulation and “least-cost” 
planning?  
 

 

• What if energy companies had 
to pay for carbon and could  get 
credit for  strategies that save 
water as well?   
 

Presenter
Presentation Notes
If any of these things were true then the energy companies would be coming to the water monitoring community looking for help. 

THEN, that will provide a real context for developing a methodology for comparing energy-sector use to any other use. 

In the meantime we need the help of the water monitoring community to measure our results as we try to make “nexus positive” changes in water management and energy development. 




“Nexus Positive” Monitoring 
 Water Supply and instream impacts 
 Gauging / Water use reporting? 
 CWA --316(a) and 316(b) requirements? 
 FERC/ State Instream flow requirements 
 Temperature  (NPDES and TMDL requirements) 
 Mixing zone conditions 
 Dissolved Oxygen TMDLs 
 Heavy metals & toxic substances 
 What else? 
 
 

Presenter
Presentation Notes
The structure for regulating energy-sector water use is not well developed.

Regulatory standards are inconsistent from state to state, no federal standards for water quantity. 

Monitoring should cover both quantity and quality – both temperature  and toxins.  Few companies are required to do it all. 

The monitoring community can help better inform the public about trade-offs and impacts




1. Conservation first - Saving energy saves 
water 

2. Improve water use reporting and monitoring 
at existing power plants 

3. Help dam-affected rivers respond to change 
Improve cooling technologies/ phase out 
“once-through” 

4. Incentivize low-water energy sources 
5. Look at future water needs of CCS 
6. “Energy-Return-on-Water-Invested” protocol  
9. Level playing field -- close oil and gas 

exemptions to environmental laws 
10. Increase public involvement and 

collaboration between energy and water 
sectors 

 Recommendations 

Full report: 
http://www.rivernetwork.org/bur
ning-rivers 
 
Contact: 
wwilson@rivernetwork.org 
 

Presenter
Presentation Notes
There are a lot of potential “nexus positive” changes and actions that would help increase water and energy sustainability. 
Things are going to change inWEX World…
Need to be ready for “Energy-Return-on-Water-Invested””
Need to be ready to evaluate new energy developments in terms of water use? 
Need to be able to quantify impacts to communities?  

If any of those things become true, THEN, that will provide a real context for developing a methodology for comparing energy-sector use to any other use. And we will need the help of the water monitoring community to measure our results as we make “nexus positive” changes in water management and energy development. 

http://www.rivernetwork.org/burning-rivers
http://www.rivernetwork.org/burning-rivers
http://www.rivernetwork.org/burning-rivers
http://www.rivernetwork.org/burning-rivers
mailto:wwilson@rivernetwork.org
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