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So if we can take technologies that address multiple issues that 
can help to conserve both energy and water and make it available. 

Mr. BOLZE. Senator, just a couple additional points I’d like to 
point on. It’s very much location dependent as you would imagine. 
Many people are studying where those aquifers are to store the 
carbon and where the location is verses where the power is needed 
as well as where the water needs are. 

We have a partnership with a company called Schlumberger that 
kind of looks through how you map that out. There are other peo-
ple that are looking at that also. But I think the other side of it 
too is when you get into the costs of—as our customers look at a 
coal plant or other ways with carbon sequestration is not only is 
it the water consumption, but it’s also the percent carbon capture. 

There’s a big issue between let’s say equivalency to an existing 
coal plant or to a natural gas combined cycle plant or to a zero 
emissions plant. The huge cost differences as you step up that 
curve as well as water consumption. So I think there are a number 
of aspects we have to look at. It’s not an easy question. But it is 
the right question to look at. 

Senator SHAHEEN. Thank you. 
The CHAIRMAN. Senator Bennett. 
Senator BENNETT. Thank you very much. We have an energy 

source in this country that is going unused. As some people have 
described it as equivalent of Saudi Arabia and that’s probably an 
overstatement and that is the power that is generated at night, 
that goes unused today a power plants does not shut down. 

Dr. Webber in your very excellent piece for Scientific American, 
you talk about the amount of water involved in a plug in electric 
hybrid. But if the plug in electric hybrid is charged at night off 
power that is lost anyway because it’s not used that changes the 
equation. I’m assuming that you wrote this as if it were charged 
during the daytime because our meters charge so much per kilo-
watt hour regardless of when we do it. 

Utilities are trying to find ways with SMART meters to get peo-
ple to use the washing machines and so on at other times and 
change the economic incentive for when you use your facilities. 
Now as I have listened to this panel I think there are a lot of uses 
of energy tied to water that are not time sensitive. I wonder if any-
body has done any kind of thinking about or studies on the ques-
tion of what lowering the cost of getting the kind of water we need 
if it could be all tied to those periods of time when the power gen-
eration is basically going to waste? 

You run a nuclear plant 24 hours a day. You have to. Then at 
night the electricity is not being used because the plants are shut 
down and people are asleep and so on. 

Is there any kind of data? Are there any kind of data on this? 
Are there any kind of incentives, Dr. House, in California to try to 
move in the direction, not just of getting people to use their wash-
ing machine at night, but to take advantage of this significant 
power source which we already pay for and don’t use? So? 

Mr. WEBBER. I think the plug in hybrid point is very important. 
The numbers I used for the article are national averages. The type 
of electricity used for plug in hybrids determines how water inten-
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sive or carbon intensive your electricity is. That varies a lot all over 
the Nation. 

Some parts of the Nation use a lot of coal. Some use a lot of nu-
clear. Some use a lot of wind. So the profile for your plug in hybrid 
will vary, will be very different in Cleveland than Austin than Se-
attle. 

Generally plug in hybrids are very appealing for a lot of reasons. 
Generally there is an environmental ease of scrubbing the emis-
sions from 1,500 power plants as opposed to 100 million tailpipes. 
So there’s an environmental advantage to plug in hybrids. 

You can use this excess power at night. Not all parts of the Na-
tion have excess power. In Texas we turn our power up and down 
to match the load. In some parts of the Nation they make excess 
and throw it away. 

The appeal of plug in hybrids partly is also that wind tends to 
be more available at night, at least continentally in the Nation. So 
plug in hybrids match well with wind which is great. So there is 
some time sensitivity. 

Senator BENNETT. I worry about wind on the grid because the 
wind doesn’t always blow. If it suddenly stops you—— 

Mr. WEBBER. Yes, the wind doesn’t always blow. It is variable. 
You usually know about 30 hours in advance if it’s going to turn 
off. What we’re finding in Texas sometimes the gas turbines don’t 
always spin either. 

Senator BENNETT. Yes. 
Mr. WEBBER. So we have all sorts of availability problems. Some-

times the wind doesn’t blow then the gas turbines shut off and 
then you have a blackout. So there’s a time sensitivity of when en-
ergy is available that matches available plug in hybrids. 

For example it matches well with water. The way we tend to do 
water markets is that price for water is the same every minute of 
the day, every day of the year, every year of the decade even if 
water is not available. So we could have smarter, more time sen-
sitive prices that reflect supply and demand. 

Particularly we see increased water demand in the summer for 
irrigation. 

Senator BENNETT. Yes. 
Mr. WEBBER. The prices don’t reflect that. So there are time sen-

sitivity issues. Also the variability of some of these renewable 
sources, like wind and solar match well with water because we 
don’t need water to be continuously treated all the time. We can 
sort of store it up. 

Senator BENNETT. Right. 
Mr. WEBBER. So wind and solar match really well with water 

treatment, desalination, like we heard about in Perth, Australia for 
example. 

Mr. HOUSE. The water systems are very well situated to do this 
demand response. In California in my testimony I talk about how 
the water agencies in California dropped 400 megawatts every 
summer afternoon because when you build a water system what 
you want to do is you want your water treatment facility to be 
working pretty much around the clock. But you have these bimodal 
peaks in your water supply. 
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So what all the water systems do is they have some place to 
store this water. What we’re doing in California to a large extent 
is that you’re using the water out of storage during the summer on 
peak period. One of the frustrations has been that there is a lot 
more that we could do. 

But there aren’t really incentives that were set up for—the water 
systems were built with the storage for water supply. They weren’t 
really built with the storage for energy use. It is difficult, particu-
larly due to the sort of the WIP saw that occurs with rate that the 
water agencies say, I’m not going to build another storage facility 
because I’m not sure that I’ll be able to amortize this over a long 
enough period of time. 

Senator BENNETT. I see. 
Mr. HOUSE. But if you could get some sort of stability there’s an-

other probably 600 megawatts of on peak curtailment that could be 
done in the State of California from existing sites if there was an 
incentive that was permanent enough that the water systems 
would say it would build additional storage and reduce their on 
peak electrical. 

Senator BENNETT. I have a source. The Chairman has heard me 
on this. It’s my hobby horse, tidal power. 

I’ve been in Lagrange, France where they have a tidal system. 
Unlike wind you know to the second when the tide is not going to 
be rising or falling. They built that system 40 years ago. 

It is so reliable when I took the tour of it they said we have no-
body here at night and on weekends. It just operates. They know 
exactly when it is. They know exactly how much power it’s going 
to generate in what periods of time. 

I think that tides rising and falling in the Gulf of California 
which is very close to the California grid is something that Cali-
fornia really ought to look at in cooperation with Mexico because 
it could provide you with the kind of thing that Australia is talking 
about the tremendous amount of power that is going to be there 
as long as the moon revolves around the Earth. If the moon ever 
stops we’re going to have bigger problems than water, available to 
do exactly the kind of thing you’re talking about. 

Thank you, Mr. Chairman. 
The CHAIRMAN. Senator Udall. 
Senator UDALL. Thank you, Mr. Chairman. It’s been a fas-

cinating hearing. We see over and over again the nexus between 
water use and energy use, technology, national security. It’s fas-
cinating. 

I note that my good friend from Utah, Senator Bennett comes 
from a pioneer family. He himself has been a pioneer in promoting 
hybrid vehicle technologies. In fact I’m not going to get myself in 
trouble outing him, but he drove one of the most interestingly de-
signed cars that Honda first produced, the Insight. But I note his 
passion about this opportunity and the way it does link to water 
supplies. 

When he talked about this unused resource I did think perhaps 
Senator Bennett would talk about oil shale which is there are enor-
mous oil shale beds in our three states. Senator Barrasso has left, 
but Utah, Wyoming and Colorado. The story that Senator Mur-
kowski just referenced in the Denver paper yesterday. 
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I’m still a fan of newspapers by the way. You can’t hold up a 
Blackberry with a headline. But the headline yesterday from the 
New York Post says, Water Plan Hits Wall of Foes. 

For the record I just wanted to note that the objections that were 
filed to Shell’s plan included the Steamboat Springs water court 
which is where the objection was filed. It came from a coal com-
pany, a power company, an agricultural ditch company and Cross 
Mountain Ranch which is a hunting resort. I think Senator Ben-
nett knows of that particular ranch. 

So this points out the challenges that we face in the West that 
Dr. Gleick is so well aware of and I think so many of you on the 
panel. I did want to note for the record before that I mentioned 
John Wesley Powell. People may have thought why am I men-
tioning this obscure Civil War Major, but he was the first head of 
the United States Geological Survey. The survey has led much of 
the understanding of the geography, topography, water resources 
in the West. 

Senator BENNETT. Mr. Chairman, if I could just quickly. 
Senator UDALL. Please. 
Senator BENNETT. Where I come from there is an old adage. You 

referred to the pioneers. It’s better to be ahead of the ditch than 
ahead of the church. 

[Laughter.] 
Senator BENNETT. Indicating how important water really is. 
Senator UDALL. I’m going to borrow that. Add to the repertoire 

that we have about water and the water fights in the West. Dr. 
House, you talked and I think many of the panel have talked about 
desal. The Chairman has as well. 

Would you comment on the brine in the salt byproduct and the 
challenges we face in disposing of it if we pursue a more broad 
based and aggressive desalination policy. Is it a problem on a large 
scale? 

Mr. HOUSE. I think it depends on what you mean by large scale. 
Most of the facilities, at least in California, one of the things that 
was particularly happening. The sun in California is going because 
we’re chronically short of water and we’re using the, they’re called 
de-salters, but they’re using brinish water. 

This is in as opposed to the ones on the coast that actually uses 
salt water. At least it’s been my experience that they don’t really 
have that much of an issue with that it comes out generally in a 
solid form. They can take it in a solid form. They use a land dis-
posal for it. 

I know that there’s been some discussions about disposing of it 
in the oceans. There’s some questions that some of the environ-
mental groups have raised of, oh well, is it going to increase the 
salinity in a particular area. The whole Pacific Ocean it’s probably 
not. But if you’ve got one particular bay or something it may. 

But that has not been one of the issues that has been very much 
discussed at all. So it appears that they, at least for right now. Re-
member these are fairly localized plants and there isn’t a huge, 
huge amount of it. 

If you had the 30 desal facilities that are being proposed for Cali-
fornia coast it may become more of an issue. But it’s a local issue. 
They use land disposal of it. 
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Senator UDALL. Other theories? Dr. Gleick. 
Mr. GLEICK. If I might just add to that. It is a potential problem, 

the disposal of brine from desal. But it’s a solvable problem with 
money. 

If you’re building a desalination plant on the coast you’re dump-
ing the brine in the ocean. It’s possible to dispose of brine in the 
ocean in a very responsible manner that diffuses back to normal 
ocean salinity very quickly. In fact in Perth, Australia in the de-
salination plant they built dispersal of brine system that’s very ef-
fective and I think very environmentally benign. But it costs more 
money to do it that way. 

Brine disposal inland for de salting brackish water is more of a 
problem because you don’t have the ocean to diffuse it into. You 
have to dispose of it either by evaporating off the rest of the water 
and producing a solid or one of the things they’ve done in El Paso 
where they’ve just built a desalination plant for brackish water is 
they’re pumping it down, sort of like carbon sequestration, deep 
probably 2,000 feet into a saline aquifer to get rid of it. It stays 
down there. That’s a safe way to dispose of the brine. 

But again, it’s just more expensive. It’s another way to simply 
say doing desalination right costs a little more money than doing 
it wrong. 

Senator UDALL. As I understand it some of the CSPs, con-
centrated solar powered technologies use the salt that holds the 
thermal product of the sun’s efforts. I imagine though there’s a lot 
more salt that we produce through de-salt technologies that you 
could use in that technology. Then maybe about the kind of salt 
that’s used for—— 

Mr. GLEICK. Yes, but those are also typically closed systems. 
Senator UDALL. Yes. 
Mr. GLEICK. Where the salt just cycles. You heat it up and then 

you cool it down. So that’s a great question whether first of all, it’s 
the same kind of salt. Then second of all if you built enough solar 
thermal plants whether you could use the salt from brackish water 
desalination plants. 

Senator UDALL. In the end it’s a different salt. 
Mr. GLEICK. It’s a different salt. 
Senator UDALL. Ok. It was worth a try. I know in the end tech-

nology that’s best imitates Mother Nature. There’s an increasing 
interest in what’s called industrial ecology. 

The Scandinavians have been pioneers in this regard. We are, in 
our own way, when you develop technology. But again technology 
is best that imitates Mother Nature. It recycles, hopefully on a 
shorter timeframe some of the products and byproducts of all of our 
uses as a modern society. 

Thank you, Mr. Chairman. 
The CHAIRMAN. Thank you. Senator Shaheen, did you have addi-

tional questions? 
Senator SHAHEEN. No but I wanted to pick up on Dr. Webber’s 

point about water being a potential for peace as well as war be-
cause we have an inventor, an entrepreneur in New Hampshire 
named Dean Cayman, who has developed a facility about the size 
of that desk over there which can clean water either from the ocean 
or from any other place. The point that he always makes is, you 
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know, the cost of cleaning that water would be less than the cost 
of one missile. So I think it’s a really important point to follow up 
on and to thank. 

We ought to be structuring some of our policies in that direction. 
Thank you for raising it, Dr. Webber. 

The CHAIRMAN. Thank you all very much. I think it’s been very 
useful testimony. We’ll try to proceed with this legislation and 
maybe find some more ways to improve it based on your sugges-
tions. Thank you. 

[Whereupon, at 11:45 a.m. the hearing was adjourned.] 
[The following statements were received for the record.] 

AMERICAN RIVERS, 
Washington, DC, March 20, 2009. 

Hon. JEFF BINGAMAN, 
Chairman, Committee on Energy and Natural Resources, 304 Dirksen Senate Office 

Building, Washington, DC. 
Hon. LISA MURKOWSKI, 
Ranking Member, Committee on Energy and Natural Resources,304 Dirksen Senate 

Office Building, Washington, DC. 
DEAR CHAIRMAN BINGAMAN AND RANKING MEMBER MURKOWSKI: On behalf of 

American Rivers’ 65,000 members and supporters across the nation, thank you for 
your leadership in addressing the important relationship between water and energy 
in S. 531, the Energy and Water Integration Act of 2009. American Rivers strongly 
supports this legislation and appreciates the committee holding a hearing on the bill 
on March 10. 

Water and energy are two of the fundamental building blocks of our society. Both 
are intricately connected with the health of our environment and our economy. The 
information that will be gathered as a result of the studies in this bill will help lead 
to the development of policies that will encourage the most efficient and responsible 
use of our valuable natural resources. 

As the Energy and Natural Resources Committee moves forward with this legisla-
tion, we ask you to keep in mind that water and energy are both fundamentally 
local resources. Recent water supply crises in the Southeast and elsewhere tell us 
that these issues are moving to the forefront in all parts of the country. We believe 
that the studies called for in your bill will ultimately prove most useful if they con-
sider regional differences alongside the general issues. 

While the studies in S. 531 are valuable, we urge Congress to also take action 
to reduce our water and energy demands. First, by directing federal agencies to im-
prove the management of forests and watersheds on public land, we can lower the 
cost—in both dollars and kilowatts—of securing reliable supplies of fresh water. For-
ests are our nation’s best and least expensive water infrastructure, providing nat-
ural filtration and storage for two-thirds of the nation’s water supply. 

Thank you again for recognizing the interdependent relationship between water 
and energy. We look forward to working with you and your staff on this important 
legislation. 

Sincerely, 
REBECCA R. WODDER, 

President. 

STATEMENT OF PETER WILLIAMS, PH.D., CHIEF TECHNOLOGY OFFICER, ‘‘BIG GREEN 
INNOVATIONS’’, IBM 

INTRODUCTION 

The energy-water nexus poses critical issues for the USA, from the perspectives 
of energy security, competition for water resources and respect for the environment. 
The Energy and Natural Resources Committee’s consideration of the matter is 
therefore extremely timely. IBM is pleased to submit this testimony both on the en-
ergy-water issue generally and more specifically on the draft bill now under consid-
eration that is intended to integrate decision-making on energy and water. 

IBM believes strongly in making our planet and its infrastructure ‘‘smarter’’—pro-
viding more instrumentation, control systems, enhanced communications, data man-
agement, and analytic and visualization capabilities, to create systems that can 
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adapt and respond as human and planetary needs change. This perspective has 
underlain our work on energy management and so-called ‘‘smart grid’’, as recently 
represented, for example, by the testimony of IBM’s Allan Schurr to the Select Com-
mittee on Energy Independence and Global Warming1. It has also informed our 
work in the water management area to create large-scale ‘‘Smart Water’’ solutions 
for the management of entire water resources (rivers, watersheds, aquifers) and 
water infrastructures, often using software and know-how derived originally from 
our smart grid work. Our experience has led us to the conclusion that water and 
energy issues are inextricably linked and that they need to be managed as such. 
They both require the application of ‘‘smarter planet’’ technologies referenced above 
to enable effective understanding of trends and issues, and thus to enable informed 
and effective decision-making. 

The comments that follow focus primarily on the relationship between water and 
electricity generation. We have not focused on the use of water in creating transpor-
tation fuels (for example, the water requirements of fermentation-based methods for 
making bio-fuels), as these are not directly within our area of expertise. 

WATER AND ELECTRICITY 

It is not the intention of this testimony to repeat the factual knowledge already 
available to the Committee, but some key points will serve to set the scene. First, 
electricity generation is dependent upon copious water availability, and is at risk 
when water resources fail: 

• Thermo-electric power generation, the backbone of America’s current energy 
supply, accounts for some 40% of all freshwater withdrawals in the United 
States, roughly equivalent to water withdrawals for agricultural irrigation2. 

• Thermal generation is highly susceptible to water shortages. In the summer of 
2006, the Tennessee Valley Authority had briefly to shut down its plant at 
Browns Ferry, Alabama, while other plants (such as the Harris and McGuire 
plants in South Carolina) came close to this. Plants in Spain and France were 
also either shut down for up to a week in 2006, or operated on reduced output3. 

• Hydropower generation is vulnerable to fluctuating water levels, for example in 
2001 when electricity output from the Columbia River basin was cut to the 
point where activities such as aluminum smelting were also curtailed. 

Second, water movement and treatment requires large amounts of energy: 

• Water movement and treatment in the US consumes some 100 million MW 
hours per year—this is approximately 3-4% of all electricity generated nation-
wide. Of this, some 95% is used for pumping4 5, and the balance used for water 
treatment. In places energy needs are much higher—in California, for example, 
due to the impact of that state’s climate and geography some 19% of its elec-
tricity is used to move or treat water.6 

• Desalination of water, now being looked at as an increasingly viable response 
to water shortages, is highly energy intensive—taking from 9.8 to 16.5 KWh per 
thousand gallons of fresh water produced from seawater and 3.9-9.8 KWh per 
thousand gallons from brackish water, depending on the type of process7. (To 
put that in perspective, the average household water use for a family of 4 is 
about 280 gallons per day8, and the average electricity consumption per house-
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hold is 29 KWh per day9. It can be seen that desalination will represent a non- 
trivial increase in energy needs.) 

Third, demands on water availability from energy production are set to intensify, 
just at the time when water resources themselves are coming under stress 

• The Energy Information Administration has projected that, absent significant 
energy conservation, energy demand will increase by 50% over the 25 years 
from 200610. 

• Some renewable energy supplies, for example utility scale solar thermal, also 
need water supplies for their operations. Their targeted location in the arid 
Southwest US is problematic for water availability. 

• Some regions have seen groundwater levels fall between 300 and 900 feet over 
the past 50 years as withdrawals have exceeded natural recharge rates11 (with 
corresponding increases in pumping energy requirements as water needs to be 
lifted through ever greater heights). 

• The growing interest in recycling water will probably require more energy-in-
tensive reverse osmosis filtration and other types of water treatment, which will 
probably increase the energy needs of water management. 

• While surface water withdrawals have remained relatively constant over the 
last 20 years at around 260 billion gallons per day, pressures to maintain 
stream flows for fisheries have created severe contention for available water12 
(for example the Klamath, Sacramento, and San Joaquin Rivers in California), 
while climate change is imposing considerable uncertainties about future water 
availability patterns. 

• While many thermo-electric plants return much of the water they use, it is fre-
quently warmer than when it was extracted, which has sometimes severe im-
pacts on local river ecosystems. Intake pumps may also kill large numbers of 
fish, as was recently declared for example at Indian Point nuclear power station 
near New York13—cooling system amendments are expected cost of the order 
of $1.6bn. It is also well documented that dams for hydro-power can damage 
fish populations. 

Putting these facts together, the picture is, frankly, alarming. Electricity genera-
tion uses large amounts of water; moving water uses large amounts of energy; and 
demands for both energy and water are set to increase beyond the capacity of cur-
rent water resources, and of the environment, to support them. The proposed En-
ergy and Water Integration Act 2009 is therefore both relevant and timely. 

1MANAGING ENERGY AND WATER: LESSONS FROM IBM’S WATER AND ENERGY 
MANAGEMENT ACTIVITIES 

This section sets out two examples from IBM’s clients and our own operations, 
that offer lessons for managing the energy-water nexus. 
Example 1: Island of Malta 

The Mediterranean island nation of Malta (population 400,000) depends on im-
ported fossil fuel for its entire energy supply, while the country depends on elec-
trically powered desalination for over half its water supply. Rising sea levels threat-
en its sub-surface water resources. IBM is working with EneMalta and the Water 
Services Corporation to enable the country to become the first in the world to build 
a nationwide smart grid and fully integrated electricity and water management sys-
tem. The system will contain 250,000 interactive energy and water meters and thou-
sands of sensors on both the energy grid and the water infrastructure to enable 
proactive management that anticipates problems, and optimizes water and energy 
supply together. The system will also provide Maltese citizens with better informa-
tion on their water and energy consumption, enabling them to make better decisions 
about the resources they use. 

While Malta is a far smaller, more concentrated and more homogenous country 
than the USA, its overall problem will become increasingly familiar to certain com-
munities in the US over time. There are accordingly a number of lessons from this 
work that the Committee may care to note. First, there is the notion that water and 
electricity generation should be managed increasingly as a single integrated system, 
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given their interdependencies, based in Malta’s case on active collaboration between 
the agencies concerned. In the US that would translate to collaboration on an area 
by area basis, but the principle would still stand. For example: 

• Water agencies would work to minimize their energy consumption. This would 
almost certainly require new levels of collaboration between agencies, given the 
high levels of fragmentation that exist in the US water industry today. 

• Energy generators would continue to work with water agencies to coordinate 
their intake and outfall requirements with other demands on the water resource 
in question. For example, both could work to integrate the data and models they 
use for decision-making, to ensure decisions that they complement one another. 

• Both would work together to promote joint conservation goals and to establish 
in the minds of the public, business and agriculture an understanding that 
‘‘water conservation is energy conservation, and energy conservation is water 
conservation’’. Combined metering programs like Malta’s would be a good way 
to do that (as well as, potentially, a way to share infrastructure and data, while 
reducing both costs and inconvenience to homeowners and businesses). 

Second, the work in Malta will enable consumption information to be collected in 
much greater frequency and on a much finer spatial mesh, and distributed to a 
much wider selection of stakeholders than hitherto. This greater ‘‘granularity’’ of in-
formation is the key to effectively identifying consumption trends and issues, identi-
fying resource losses and infrastructure malfunctions, and so enabling the effective 
co-management of the water and energy infrastructures on the island. The same ap-
plies here in the US: 

• Consistent adoption of advanced meter infrastructures for energy and water 
throughout the US would increase the granularity of usage information, and 
provide a platform with which to understand and then influence demand levels 
(by increasing consumer visibility into use patterns and by enabling time dif-
ferentiated pricing). It would also, in many cases, reduce costs and increase 
water and energy agency revenue by cutting down on losses, and because the 
newer meters tend to be more accurate. 

• The same principle applies to our understanding of the impact of energy genera-
tion on surface and groundwater resources—more gauges, sensors and meters 
equate to better understanding of the interactions, and thus better decisions, es-
pecially if they are integrated to form a single sensing infrastructure for each 
water resource. In practice, sensors from various agencies operating on the 
same water resource report separately—there is little integration; and the num-
ber of flow gages in the US is currently decreasing, not increasing14. If any-
thing, therefore, the country is moving in the opposite direction to that needed. 

Example 2: Energy ‘‘Harvesting’’ in IBM’s Semiconductor Plants 
IBM manufactures semiconductors, which means that we use relatively large 

amounts of energy and water in each of our fabrication plants. The two are linked, 
because much of the water we use is ultra-pure (10,000 times purer than drinking 
water), having been treated by reverse osmosis filtration. This is very energy inten-
sive (it is also the primary means of desalinating seawater and is the reason why 
that process is also very energy intensive). 

We have, however, become very effective at managing our water and energy con-
sumption downwards. Taking our Burlington, VT plant as an example, between 
2001 and 2007, we reduced our energy consumption from 520 million to 450 million 
KWh per year—the savings are enough to power about 2,500 homes. Similarly in 
the same period we reduced our water usage from 4.5 million gallons of water per 
day to 3.5 million. These results were achieved despite the fact that product output 
volumes in the plant increased by 33% over the period in question. 

While industrial water usage is only 5% of the US total15, the methods we used 
to achieve these reductions are instructive in the context of the Committee’s present 
interests. First, we systematically set out to harvest energy from the pressure and 
or temperature in water as it is used in the plant. For example, we systematically 
harvest temperature in water, via heat exchangers, for cooling purposes, while also 
recycling water as we do so. Over time this has allowed us to reduce energy and 
water consumption in tandem. We also use pressure from the public supply to pro-
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vide at least some of the pressure needed for our water filters. Formerly, water 
came in from our supplier and was piped to a holding tank—all the pressure in the 
water was thereby lost, meaning that it had to be (expensively, and energy-inten-
sively) re-pressurized to force it through the filter membranes. By working with the 
supplier to create a direct linkage from the water main to the filters, we saved sig-
nificant amounts of energy and cost. 

This is relevant to energy and water management in the USA as a whole, because 
large amounts of kinetic energy exist in the pipes and water-mains of the nation’s 
water systems. For example, wherever pressure reduction valves are used today in 
water mains, it may be possible to replace these with reaction turbines that gen-
erate energy as they reduce the flow to the required pressure. The amounts of en-
ergy generated, especially in large, high pressure water mains, are not trivial—as 
long ago as 1998 2MW systems were operating in Scotland and Germany, and exam-
ples existed of water treatment plants being wholly self-powered in this way16. We 
have been unable to ascertain how systematically turbines of this type are deployed 
in the USA, but we recommend that this should be investigated. At the very least 
they may offer the potential to break or weaken the link between conventional en-
ergy availability and water movement and treatment. 

Second, IBM takes great care to optimize the maintenance and operation of equip-
ment in the plant, based on the ability to track energy consumption continuously, 
machine-by-machine. We do not believe that most water agencies operate in this 
way, especially with the operation of their pumps and valves. As noted above, water 
pumping uses about 3% of the nation’s electricity output; regular optimization of 
pumps, valves and pumping schedules supported via commercially available soft-
ware has demonstrated energy savings of 6-11% in 4 US water agencies (in some 
cases where extensive effort had already been expended on pump management), 
plus significant demand shifting from peak to off-peak electricity generation periods. 
If replicated nationally, the energy saving would be between 3 and 5.5 million MWh 
per year17. 

Still on the subject of maintenance and optimization, an EU report estimated that 
in clean water, pump performance degrades by 1% per year (and faster in waste-
water)—but that most water agencies, in Europe at least, do little to manage this. 
Reconditioning pumps, by polishing interior surfaces to remove roughness caused by 
degradation, was estimated to improve pump efficiency by 5-18%; matching pump 
wear and status to duty cycles can increase that figure to 10-20%18. Combining this 
with the figures in the previous paragraph suggests that, in principle, perhaps a 
quarter to a third of the total national electricity requirement for water movement 
could be saved from these sources alone. 

Third, IBM’s own management of water and energy relies on extremely detailed 
measurement. As stated, we track energy usage, continuously, by individual ma-
chine. We track water usage via sensors for key water parameters such as flow, 
temperature, pressure, organics, metals and particle content, collecting 400 million 
packets of data per day from 5000 discrete points. In both cases we undertake reg-
ular trending and correlation analyses, and monitor processes via 80 statistical con-
trol points to ensure that process performance (including water and energy con-
sumption) remains within the tolerances set. 

Again, while there may be specific exceptions, we do not believe that this level 
of detailed control is undertaken regularly in water operations; and while power 
generation is extensively instrumented, the general level of analytics is not as ad-
vanced as modern software tools would allow. It may be argued that controlling 
water and energy requires operations over a much larger physical area than a single 
plant; and that the value proposition for investing in controls of this type in the 
semiconductor industry is different than water or energy—computer chips are rel-
atively more expensive, especially given that water is not usually priced effectively 
in the first place. However, given the growing issues that the nation faces with its 
energy and water supplies, and thus their strategic value even if the financial value 
is not aligned, we believe that a move towards this type of control philosophy and 
technology is warranted. 
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COMMENTS ON TEXT OF ENERGY AND WATER INTEGRATION BILL 

Building on the arguments above, we have a number of comments to offer on the 
draft of the Bill. These comments should be taken in the context of IBM’s strong 
support for the intentions of the Bill and are intended constructively. We will be 
happy to help frame specific provisions, if requested. 

WATER MANAGEMENT PRACTICES, NOT JUST PROJECTS 

The Bill potentially offers an opportunity to establish sound energy management 
practices in the water industry. Section 4 of the present draft seems to focus on the 
energy impact of specific reclamation projects by Federal agencies, to the exclusion 
of the day-to-day activities of state and local water agencies—which, we dem-
onstrated earlier, can consume significant amounts of energy. 

We would therefore suggest supplementing the Federal project focus with a re-
quirement for the National Academy of Sciences, working in cooperating with the 
water industry, to assess and confirm the potential benefit of energy and water 
management ‘‘best practices’’ at the state and local level such as pump optimization 
and scheduling; pump and valve maintenance; and energy harvesting, in particular 
from (but not restricted to) the use of turbines to replace flow reduction valves. 
There may well be other best practices that could be identified. The Bill should also 
call on the NAS to publicize its results to state and local water agencies, perhaps 
via the various water industry associations. 

In addition, while Section 6 addresses the issue of information on water related 
energy consumption in various sectors of industry, we suggest that the focus on 
state and local water agencies should be sharpened. This could be achieved by pro-
moting energy used per gallon of water supplied, and each gallon treated, as a key 
performance metric for each water agency (making due allowance for the fact that 
wholesale and retail supply agencies will have different profiles). Energy directly 
generated by an agency from its own renewable sources or from its own harvesting 
of water pressure or temperature would be excluded—the focus here is on energy 
supplied via the grid. With a common set of industry metrics, water agencies could 
then report to the Department of Energy on their energy usage, just as they report 
on water quality today to the EPA; league tables could then be published to encour-
age public review and cost improvement programs. 

THE ROLE OF INFORMATION TECHNOLOGY 

We have shown above and in other testimony to Congress19 how advanced infor-
mation technology—metering and sensing, analytics, visualization—can improve the 
management of the energy grid, water, and the connections between them. The pro-
posed Bill does not directly address the benefits potentially available from IT, and 
we therefore suggest supplementing the provisions in Section 7 as follows. 

The Bill should task the NAS with reporting to Congress on the information items 
required to make effective operational decisions on energy generation and energy 
and water usage, where that information should come from, and the obligations of 
various tiers of agency to make sure it is available. 

The NAS should also consider the technologies that might be required to generate 
the information in question. On this last point, we would anticipate that the NAS 
would look, as a minimum, at: 

• The potential role of advanced meter infrastructures for water in assisting in 
the management of water and energy demand, as well as in providing informa-
tion to enable improved operational decision making. 

• The role of optimization software for integrated energy and water management 
in supporting decisions that balance energy and water needs. 

• The recommendations for automated sensing of water quality and flow around 
energy generation activities, to generate a ‘‘real time’’ picture of the impact of 
those activities. 

• Information and data standards for using the information generated. 
Focusing directly on water, we would also suggest that the NAS consider the 

scope to replicate appropriate smart grid concepts in water management across the 
nation. This would cover demand prediction, blending of water sources, optimal 
routing and storage strategies, optimal discharge rates and times, and so on—the 
point being that ‘‘optimal’’ in this context includes energy consumption alongside 
water pressure, quality and other more traditional water agency concerns. 
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CONCLUSION 

In summary, in this testimony we have sought to demonstrate the value of ad-
vanced information technology in improving day-to-day management decision-mak-
ing on issues of energy and water management interdependence, and in enabling, 
in particular, the reduction in energy consumption by the water industry. We will 
be pleased to answer any follow up questions that the Committee may have on the 
comments we have made here. 
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APPENDIX 

RESPONSES TO ADDITIONAL QUESTIONS 

RESPONSES OF PETER H. GLEICK TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. Several of you talked about the opportunity to reduce energy con-
sumption by reusing or conserving water. Mr. Bolze, your testimony specifically ref-
erences that the U.S. presently reclaims and reuses 6% of its wastewater compared 
to other countries with much higher percentages. 

Can each of you comment on the magnitude of potential you see for significant 
water savings yielding significant energy savings in this country? Are we just at the 
tip of the iceberg with respect to the water & energy savings possible through water 
conservation efforts? Has any established entity quantified the potential? 

Answer. I know of no one who has quantified the potential for overall energy sav-
ings from improving water use efficiency, nationwide, but regional and local studies 
suggest that the savings are both significantly large, and cost-effective. A study 
done at the Pacific Institute offers some specific examples and numbers for the 
western United States. This study is available at: 

http://www.pacinst.org/reports/energylandlwater/index.htm. 
Question 2. As discussed today, one of the hurdles to coordinated energy and 

water policy is that energy policy is developed at a national level and water policies 
are more local and regional in nature. 

How much of an impediment is that to integrating energy and water policy and 
what other impediments do you see to this goal? 

Answer. While it is true that there is sometimes a mismatch between federal and 
local authority in the water/energy areas, there are important actions appropriate 
for the federal government to take. In particular, effective water efficiency and en-
ergy efficiency standards for appliances (such as those in the 1992 National Energy 
Policy Act) need to be updated. In addition, federal agencies such as the U.S. Army 
Corps of Engineers and the U.S. Bureau of Reclamation are responsible for signifi-
cant local water management and they have both failed, to date, to integrate energy 
and water policies in their operations and management. 

Question 3a. You stated in your testimony that the California Energy Commission 
recently found that 95% of their desired energy savings could be achieved for rough-
ly half the cost through water conservation programs instead. 

Do these programs focus on domestic water conservation or do they have indus-
trial and agricultural components as well? 

Answer. The focus of the CEC energy estimates was overall water conservation 
and efficiency, but most of their analysis was addressing urban (residential, indus-
trial, commercial, and institutional) water use. More effort needs to be put into eval-
uating savings in the agricultural sector (pumping and delivery, in particular). 

Question 3b. Follow-up: In terms of domestic water conservation, Dr. House rec-
ommended combining EPA’s WaterSense program with DOE’s EnergyStar program. 
What do you think of this, or similar strategies, which combine water and energy 
conservation efforts into single programs? 

Answer. I support far better integration of EPA’s energy and water efficiency pro-
grams in order to both avoid duplication and to maximize benefits. 

RESPONSES OF PETER H. GLEICK TO QUESTIONS FROM SENATOR MURKOWSKI 

Question 1. Please describe how the United States can satisfy all the expected 
water needs of newly proposed power plants, including concentrated solar, in arid 
and semi-arid regions. 

Answer. We cannot. Newly proposed power plants are proposed without consid-
ering water constraints. What this means is that some of those plants will not be 
built, or conflicts over water are growing. Another critical solution, however, is to 
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require power plants with significant water demands to use ‘‘dry cooling’’ systems 
that use little water. I note that even though there was some discussion at the hear-
ing about the water-intensity of solar thermal/concentrated solar, actual proposal for 
such plants are increasingly looking at ‘‘dry cooling’’ to reduce water demands enor-
mously. Thus not ALL solar thermal uses a lot of water. 

Question 2. Are there any regions in the country that are not expecting a signifi-
cant water problem in the next decade? 

Answer. All regions will have challenges, though not all regions with have scar-
city. In some places, water problems will be associated with contamination and 
water quality, not quantity. The places with challenges will also be determined by 
future patterns of population growth and development, which are hard to forecast. 

Question 3. Please describe how policies aimed at climate mitigation and adaption 
may affect policies developed in the energy and water sectors, and, specifically, the 
energy-water nexus. 

Answer. Efforts to reduce greenhouse gas emissions must take into account 
water—such as the water for renewable energy systems (typically, but not always, 
less than from traditional power plants). 

Question 4. Please describe the impact on energy use with stricter treatment 
standards for water and wastewater. Are there any energy related tradeoffs that 
may occur with stricter treatment standards? 

Answer. There is a good chance that improving water quality standards and the 
development of new treatment systems will increase the energy ‘‘footprint’’ of water 
by moving to more energy intensive systems. Conversely, smart planning to decen-
tralize new wastewater systems may lead to a decrease in energy requirements. The 
point is to plan in advance for the energy implications in order to avoid these bad 
tradeoffs and find the good ones. 

Question 5. Please describe the impact of energy policies and regulations on water 
demands and its availability. 

Answer. The key link, addressed in my written testimony and oral remarks, is 
the water demand for power plant cooling. 

Question 6. As we further examine the interrelationship between water and en-
ergy, what type of qualitative data do you believe is needed to better understand 
the connections to biodiversity and ecological health? 

Question 7. How can we encourage coordination and collaboration of research, de-
velopment and policy efforts in the energy-water domain, with a view to cross-cut-
ting learning? 

Answer. Absolutely: I strong urge better integration and coordination at the fed-
eral level among the diverse agencies involved in energy and water in the U.S. 

Question 8. Please describe the linkages between energy and water consumption, 
as a society becomes more affluent. How do measures to improve water use effi-
ciency and energy efficiency correlate, as societies become more affluent? 

Answer. Some argue that as the economy grows, societies inevitably use more 
water and energy. This is not inevitable. Total water use in the United States has 
leveled off and even declined in the last two decades, while population and GNP 
have all risen sharply. Thus we must NOT assume that water demands and energy 
demands must rise forever—indeed, resource, economic, and environmental con-
straints argue for improving efficiency and quality of life while minimizing waste 
and additional resource use. 

Question 9. Please describe how water resource constraints can become energy 
constraints. 

Answer. As described in my written testimony, limits on water can limit water 
available to cool power plants, which can lead to short-or long-term constraints on 
energy production. I offer several examples from the headlines of recent cutbacks 
in energy because of water scarcity. 

Question 10. Please describe how the California Energy Commission came to their 
number that 95% of the energy savings of proposed energy-efficiency programs could 
be saved at 58% of the cost through water-efficiency programs instead. How is Cali-
fornia going to rethink the prioritization of funding energy efficiency projects in 
light of these numbers? 

Answer. This was work from the CEC and I recommend asking this of those au-
thors. 

Question 11. How do you weigh the ecological impacts of seawater use for energy 
production verses inland facilities, that likely use fresh water? 

Answer. No good comparison has been done on this, but two reports address the 
ecological costs of desalination—one from the Pacific Institute; the other from the 
U.S. National Academy of Sciences. The Institute report is available here: http:// 
www.pacinst.org/reports/desalination/index.htm. The NAS report is available from 
the National Academy Press and is called ‘‘Desalination: A National Perspective.’’ 
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This report offers explicit and valuable advice on appropriate (and inappropriate) 
national research priorities for desalination. 

RESPONSES OF STEPHEN BOLZE TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. Several of you talked about the opportunity to reduce energy con-
sumption by reusing or conserving water. Mr. Bolze, your testimony specifically ref-
erences that the U.S. presently reclaims and reuses 6% of its wastewater compared 
to other countries with much higher percentages. 

Can each of you comment on the magnitude of potential you see for significant 
water savings yielding significant energy savings in this country? Are we just at the 
tip of the iceberg with respect to the water & energy savings possible through water 
conservation efforts? Has any established entity quantified the potential? 

Answer. Based on what other countries have accomplished—and are setting out 
to accomplish—we believe that the United States can reuse significantly more water 
than it does today. 

We also believe that greater water reuse would translate into reduced energy con-
sumption. 

Even though we are not aware of any entity that has quantified this potential, 
the WateReuse Association estimates that our nation can easily double the amount 
of water it is reusing between now and 2015 (from 6% to 12%), based on current 
trends. In addition, with the advent of a 30% Investment Tax Credit, the percentage 
of reuse would almost certainly be much higher. 

Question 2. As discussed today, one of the hurdles to coordinated energy and 
water policy is that energy policy is developed at a national level and water policies 
are more local and regional in nature. 

How much of an impediment is that to integrating energy and water policy and 
what other impediments do you see to this goal? 

Answer. Energy and water policies are closely related, and policies developed in 
one of these areas—whether at a national or more local level—could affect the other. 

So, we believe that it is important to develop the policies in a coordinated way 
so as to avoid unintended consequences. 

With respect to the question of whether the national nature of energy policy and 
the more local nature of water policies is an impediment to a coordinated approach, 
we believe that this would be an appropriate topic for the NSA study envisioned by 
the Energy and Water Integration Act of 2009. 

Question 3. Increasing our reclamation and reuse of wastewater was rec-
ommended multiple times by this panel. You specifically mentioned Israel’s impres-
sive reuse rate of 70%. 

In addition to lack of incentives in the U.S., do you feel that public perception 
of so-called gray water is a barrier to its use? 

Answer. We have both industrial and municipal customers around the world. In 
our experiences with these customers, we have not seen a great level of concern 
about gray water on the industrial side. On the municipal side, however, we have 
seen concern about gray water reuse for drinking water and agricultural purposes. 

Therefore, we do think there’s a real and meaningful opportunity to drive greater 
industrial water reuse via incentives. 

We have not formally evaluated the perception issues related to gray water, but 
we would refer you to the WateReuse Association, which we believe has done a lot 
of work in this area. 

Question 4. A recent by Ceres and the Pacific Institute stated that it is critical 
that companies begin to treat water risks as a strategic challenge. The report out-
lines the physical, reputational, and regulatory risks to businesses and investors as-
sociated with water scarcity. 

In addition to the GE’s commitment to reduce water consumption by 20% by 2012, 
what steps have you taken to analyze your water-related business risks? 

Answer. GE recognizes that it is important to evaluate water-related business 
risks. Consequently, we consider near-and long-term water availability issues when 
we plan expansions both here in the United States and elsewhere in the world. 

Question 5. Your testimony indicates that financial incentives are necessary to 
drive greater water reuse in the U.S. 

Based on your understanding of the market, is it your sense that the relatively 
low-cost of water and the lack of a water supply crisis in certain regions of the coun-
try are resulting in less demand for water reuse systems in the short-term? Are 
companies and utilities starting to look at water and energy together in evaluating 
ways to cut costs 
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Answer. Not all areas are water scarce, and even within water scarce areas, not 
all communities are experiencing water scarcity. 

Also, the economics vary widely depending on whether a customer is pulling water 
from a river or a municipal system, for example. 

But, we are convinced that a broad-based federal incentive that could be applied 
when and where it makes sense would definitely help drive much greater reuse. 

More specifically, we believe from our experiences with our tens of thousands of 
industrial customers that a 30% investment tax credit would drive substantial 
water reuse across our nation. 

RESPONSES OF STEPHEN BOLZE TO QUESTIONS FROM SENATOR MURKOWSKI 

Question 1. Please describe how the United States can satisfy all the expected 
water needs of newly proposed power plants, including concentrated solar, in arid 
and semi-arid regions. 

Answer. A recent DOE-sponsored study looked at 110 new power plants proposed 
for construction in 2007 and found that municipal wastewater treatment plants lo-
cated within a 25 mile radius from the proposed power plants could satisfy 97% of 
the new power plant cooling water needs. 

On average, one large wastewater treatment plant can completely satisfy the cool-
ing demand for each of these power plants. 

In addition, wind and photo voltaic solar power generation technologies use essen-
tially no water. 

Question 2. Are there any regions in the country that are not expecting a signifi-
cant water problem in the next decade? 

Answer. Although we have not conducted an independent study of this issue, the 
sources we relied on in preparing our written testimony (GAO; WateReuse Associa-
tion), suggest that water scarcity will play out in different ways in different parts 
of the country. 

In any event, the GAO 2003 map that we included in our written testimony shows 
that—at least at the local level—every region on our nation will likely experience 
some level of water shortages during the next decade. 

Question 3. Please describe how policies aimed at climate mitigation and adaption 
may affect policies developed in the energy and water sectors, and, specifically, the 
energy-water nexus. 

Answer. Energy, climate and water policies are closely related, and policies devel-
oped in any one of these areas could affect the other two. So, we believe that it is 
important to develop the policies in a coordinated way so as to avoid unintentional 
consequences. 

We also believe that this is an appropriate topic for the NSA study envisioned by 
the Energy and Water Integration Act of 2009. 

Question 4. Please describe the impact on energy use with stricter treatment 
standards for water and wastewater. Are there any energy related tradeoffs that 
may occur with stricter treatment standards? 

Answer. Although stricter standards may in some cases require greater energy, 
we believe that such energy demands can be minimized through concerted energy- 
water nexus research and development.. 

Question 5. Please describe the impact of energy policies and regulations on water 
demands and its availability. 

Answer. Energy and water policies are closely related, and policies developed in 
one of these areas could affect the other. So, we believe that it is important to de-
velop the policies in a coordinated way so as to avoid unintended consequences. We 
also believe that this is an appropriate topic for the NSA study envisioned by the 
Energy and Water Integration Act of 2009. 

Question 6. As we further examine the interrelationship between water and en-
ergy, what type of qualitative data do you believe is needed to better understand 
the connections to biodiversity and ecological health? 

Answer. We have not independently studied this issue, but we would refer you 
to the WaterReuse Foundation in hopes that they can provide you with this infor-
mation. 

Question 7. How can we encourage coordination and collaboration of research, de-
velopment and policy efforts in the energy-water domain, with a view to cross-cut-
ting learning? 

Answer. The Federal government’s role in providing structure and oversight will 
help accelerate new technology developments in a more coordinated way. 

However, if we want to truly accelerate technology development, it is going to 
take a community of government, the national labs, academia and industry working 
together. 
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Industrial companies like GE have R+D pipelines and a direct path to market for 
new solutions. 

Working together with Federal government and other key stakeholders, we will 
have the community we need to successfully carry out a national clean water re-
search and development initiative. 

We also believe that this would be an appropriate subject for an NSA study. 
Question 8. Please describe the linkages between energy and water consumption, 

as a society becomes more affluent. How do measures to improve water use effi-
ciency and energy efficiency correlate, as societies become more affluent? 

Answer. It is generally understood that as societies become more affluent, the de-
mand for water and energy becomes greater. And, as demand increases, so does the 
need for greater efficiency. 

Question 9. Please describe how water resource constraints can become energy 
constraints during the next decade. 

Answer. Energy and water are co-dependent. In simplest terms, energy is re-
quired for making water and water is required in the production of energy. Globally, 
the demand for both of these crucial resources is projected to grow at an alarming 
pace, with energy demand doubling and water demand tripling in the next 20 years. 

As we prepare to meet the future electricity demands here in the U.S., it is esti-
mated that water demands related to electricity production will almost triple from 
1995 consumption levels. In addition, the deployment of technologies to meet ex-
pected carbon emission requirements will increase water consumption by an addi-
tional 1-2 billion gallons per day. 

RESPONSE OF STEPHEN BOLZE TO QUESTION FROM SENATOR STABENOW 

Question 1. Collocation of water treatment facilities and power plants. Mr. Bolze, 
you suggested in your testimony that there be incentives for municipal wastewater 
treatment plants to be built alongside power generation plants so that the waste-
water can meet the cooling demand of the power plants. Could you explain the in-
centives and technologies this requires? Would such collocation also help to keep 
costs down for both facilities? 

Answer. Rather than municipal wastewater plants treating and discharging water 
back to a receiving stream, by adding an incremental treatment process, either at 
the wastewater plant or at the industrial plant, this water can meet the needs of 
many industrial processes, including power plant cooling. 

From an incentive standpoint, we believe that a 30% investment tax credit would 
enable all industrial water users—including power plants—to reuse significantly 
more water than they do today. We base this belief on feedback from our 50,000 
industrial customers around the world. 

From a technology standpoint, greater reuse is achievable through chemical pre- 
treatment combined with advanced membrane-based technologies (microfiltration, 
nanofiltration, ultrafiltration, and reverse osmosis), and in some cases, advanced 
thermal technologies (Zero Liquid Discharge). 

RESPONSES OF LON W. HOUSE, PH.D., TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. Several of you talked about the opportunity to reduce energy con-
sumption by reusing or conserving water. Mr. Bolze, your testimony specifically ref-
erences that the U.S. presently reclaims and reuses 6% of its wastewater compared 
to other countries with much higher percentages. 

Can each of you comment on the magnitude of potential you see for significant 
water savings yielding significant energy savings in this country? Are we just at the 
tip of the iceberg with respect to the water & energy savings possible through water 
conservation efforts? Has any established entity quantified the potential? 

Answer. Federal Facilities: Estimates of 24% of Federal water use can be saved 
using cost-effective, existing ‘‘off the shelf’’ technologies, primarily domestic water 
fixtures1. Even more can be saved using advanced technologies and improved proc-
ess water using equipment such as cooling towers, steam systems, and irrigation. 
The GSA found that federal water conservation potential is estimated at 121 million 
gallons per day2. 
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Water Systems: The most promising areas for intervention within water supply 
systems are: improving the pumping system, managing leaks, automating system 
operations, and regular monitoring (preferably with metering of end use)3. While the 
water and energy savings are system specific (but can reach 30%), it should be 
noted that these improvements often pay for themselves in months, most do so with-
in a year, and almost all recover their costs within three years. 

Customer Use: There are multiple state and regional estimates of water conserva-
tion potentials. In California, the state Department of Water Resources, in its cur-
rent draft of the California Water Plan, is using estimates of agricultural water con-
servation savings potential of 2 million acre-ft per year (with an investment of $75 
million per year)4 and urban water savings potential of 2.1 million acre-ft per year 
(35% of total use)5. 

Question 2. As discussed today, one of the hurdles to coordinated energy and 
water policy is that energy policy is developed at a national level and water policies 
are more local and regional in nature. 

How much of an impediment is that to integrating energy and water policy and 
what other impediments do you see to this goal? 

Answer. Appliances/Plumbing Fixtures: There are a number of federally regulated 
appliances or equipment in the water sector. ‘‘Federally-regulated commercial and 
industrial equipment’’ is commercial and industrial equipment for which there exists 
a test method and an energy conservation standard prescribed by or under EPAct. 
‘‘Federally-regulated consumer product’’ is a consumer product for which there exists 
a test method and an energy conservation standard prescribed by or under NAECA. 

One issue that should be addressed is the methodology on how the federal stand-
ards are established. EO 13211 requires federal agencies to conduct an analysis of 
energy and use it to develop a statement of energy effects in any proposed rule-
making. However, only direct energy use included. In particular, while energy sav-
ings are used in the determination of standards for hot water using appliances and 
equipment there is not a consideration of the energy savings associated with cold 
water savings (e.g., with toilets). 

Buildings: There are proposed green building ANSI standards including ASHRAE 
Proposed ANSI Standard 189.1P Standard for the Design of High-Performance 
Green Buildings Except Low-Rise Residential Buildings, GreenGlobes-Green Build-
ing Initiative (GBI) Proposed American National Standard 01-2008P, and Green 
Building Assessment Protocol for Commercial Buildings and National Association of 
Home Builders (NAHB) National Green Building Standard6. 

Recycled/Reclaimed Water: Regulations on the use of recycled water vary across 
the U.S.A. There are no national standards. California has the most stringent regu-
lations, as set by the Department of Public Health (‘‘multiple barrier’’ approach). 

The California State Water Resources Control Board recently adopted a Recycled 
Water Policy in which established goals to increase recycled water by an additional 
million acre-ft of water per year by 2020 and substitution of as much recycled water 
for potable water as possible by 20307. 

It is important to note that water issues are generally local/regional issues and 
there is a need to be able to respond to these issues on a much smaller scale than 
at the national level. The Association of California Water Agencies recently adopted 
water conservation and efficiency policy principles that state it succinctly: 

Water conservation and water use efficiency programs must have the 
flexibility to adjust to widely varying local circumstances. . . . Effective 
water conservation and water use efficiency programs must be responsive 
to local circumstances, including changing water supply sources, water uses 
and demands, and water reliability challenges.’’8 

Question 3. While the majority of water-related electricity use is by end users to 
pressurize, heat, cool and condition the water, treatment of water is still a signifi-
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cant area of energy consumption. Programs which encourage water conservation can 
minimize costs of both drinking water and wastewater. 

Which treatment type—drinking water treatment or wastewater treatment—has 
the greatest potential for reduction of energy intensity? 

Follow-up: In addition to water conservation and efficiency programs, are there 
additional policies, incentives, or technologies that could further minimize either 
drinking water or wastewater treatment? 

Answer. There are two responses: improving the efficiency of the treatment proc-
ess, and increasing the amount of renewable generation provided by the water/ 
wastewater treatment facilities. 

Improve Treatment Efficiency: Water treatment facilities can decrease their en-
ergy use by 10-20% energy savings thru treatment process optimization and another 
10-20% energy savings thru equipment modifications9. The following table* provides 
a summary of typical standard equipment and high-efficiency equipment available 
for water/wastewater treatment systems10. Drinking water typically starts with 
cleaner water, but is generally treated to a higher quality (at least in the past). 
Wastewater is generally ‘‘dirtier’’ than fresh water when it starts the process, and 
the increased emphasis upon recycling water use generally makes the wastewater 
treatment slightly more expensive. However, as the industry shifts to lower quality 
water for potable water, the energy requirement differences between fresh and 
waste water are becoming increasingly blurred. 

Increase Renewable Energy: Water/wastewater treatment facilities have several 
characteristics that make them ideal locations for certain types of renewable genera-
tion: they have a large amount of electricity use on site; they are comfortable with 
up-front capital expenditures for long lived projects; and they usually have a lot of 
open land available at the site (treatment facilities maintain a buffer of land around 
the treatment plant for aesthetic and siting purposes). 

Solar—most of the over 200 kW solar generation facilities in California are located 
at treatment facilities for the above mentioned reasons. Indeed, one of the criticisms 
of the current California solar program is that the renewable generation is limited 
to the amount of electricity the treatment facility uses annually. The water agencies 
have the space and inclination to install more solar generation if they could be com-
pensated for the excess electricity generated. 

Biogas—shifting wastewater treatment from aerobic to anaerobic treatment sys-
tems allows the wastewater treatment facility to generate significant amounts of 
biogas (methane) for use in producing electricity (via internal combustion engines, 
microturbines, or fuel cells) and reduces the amount of natural gas used to keep 
their digester beds warm. In California, the majority of wastewater treatment facili-
ties are using their own biogas for generation, and the remainder of the facilities 
are in the process of converting to biogas generation in order to meet Greenhouse 
Gas limit requirements. This biogas generation is not limited to municipal water 
treatment. Farms, dairy plants, and heavy industries could reduce or eliminate their 
energy bills by running their high-strength organic wastewater streams through 
treatment systems that generate methane biogas. In California, several of the elec-
tric utilities have contracts to purchase biogas generated by dairy farms and biogas 
produced electricity. 

Question 4a. You advocate the installation of Advanced Metering Infrastructure 
(AMI) as it is relatively inexpensive, and can provide cost savings through the rapid 
identification of water leaks. 

Can you estimate how expensive it would be to install such infrastructure 
throughout California? 

Answer. The investor owned electric utilities in the state are spending $4 billion 
on Advanced Meter Reading (AMR) / Advanced Metering Infrastructure (AMI) in-
stallations for their customers, so this may serve as a reasonable estimate (except 
that the electric utility systems are significantly more expensive that the AMR/AMI 
systems considered by the water systems). A lot of the AMR/AMI infrastructure is 
currently being installed in California water systems anyway. Through a California 
Energy Commission study it was determined that over one-half of the water agen-
cies in the state have some level of AMR on their system, and for 34% of the water 
systems AMR is the predominant type of water meter11. Additionally, over 75% of 
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the water systems in California are interested in adding more AMR or AMI to their 
systems in the next several years.12 

Question 4b. Follow-up: Could cost-savings from improved leak detection and re-
duced system loss offset the price of AMI in a reasonable timeframe? 

Answer. Administrative impacts are currently the primary reasons for selecting 
AMR among the water systems in California. The overwhelmingly dominant benefit 
expected from AMR is reduced meter reading costs, followed by more efficient billing 
and increased customer service. Operational benefits: the use of AMR in conserva-
tion programs, loss detection, and in increasing safety/security for personnel fol-
lowed administrative benefits as reasons for selecting AMR. The operational benefits 
from AMR are expected to change as systems become more familiar with the tech-
nology and due to changes in tariff design, as water conservation becomes increas-
ingly more important in California and as more water systems switch from tradi-
tional tariff design to water budget tariffs.13 

Question 5. Your testimony notes that a number of current financial incentives 
for renewable energy do not work for publicly-owned water systems. 

Notwithstanding that problem, have California water agencies proceeded with de-
veloping renewable energy supplies to integrate into their systems? If so, what bene-
fits are driving this integration? 

Answer. Compensating Incentives for Non Tax Payers: In California, we have ad-
justed the financial incentives for solar installation to provide increased incentive 
levels for those customers who do not pay taxes and cannot take advantage of tax 
credits, as the following table shows. This table is the incentive payments for solar 
installations in California under the California Solar Initiative (CSI). Note that the 
payments are higher for government/non-profits to account for their lack of ability 
to take advantage of tax incentives. 

Power Purchase Arrangements: As the CSI rebates (above) continue to drop but 
the tax incentives do not, the water agencies in California are increasingly using 
Power Purchase Arrangements (PPA) as a means of procuring solar power rather 
than owning the solar systems themselves. Under a PPA, a water agency agrees to 
purchase electricity from a solar generation installation on its land. The owner of 
the generation equipment takes advantage of the accelerated depreciation and tax 
credits in determining the price of the electricity sold to the water agency. 

Remote Net Metering Programs: Allow renewable generation at one location to be 
credited against a portion of retail rates at another system location. California’s As-
sembly Bill (AB) 2466 is called the Local Government Renewable Energy Self-Gen-
eration Program and is codified as Section 2830 of the Public Utilities Code. It al-
lows government entities to generate renewable energy at one location, and have it 
credited against part (the generation part only) of retail rates at another location. 
It is still under development but the size limit of 1 MW and the inability to access 
any other incentives in the development of the renewable project are limiting its 
usefulness. 

Renewables Feed-In Tariffs: Provide a utility standard contract with specified re-
newable energy price. California’s Assembly Bill (AB) 1969 added Public Utilities 
Code Section 399.20, authorizing tariffs and standard contracts for the purchase of 
eligible renewable generation from public water and wastewater facilities. It has 
size limitations (1 MW) and the inability to access any other incentives in the devel-
opment of renewable projects is resulting in less renewable generation that could 
be developed. However, several small in-conduit hydroelectric generation projects 
are being developed under this program. 

RESPONSES OF LON W. HOUSE, PH.D., TO QUESTIONS FROM SENATOR MURKOWSKI 

Question 1. Please describe how the United States can satisfy all the expected 
water needs of newly proposed power plants, including concentrated solar, in arid 
and semi-arid regions. 

Answer. Providing sufficient water for power plants that use significant amounts 
of water in arid/semi-arid regions of the country will continue to be a challenge (PV 
solar, certain types of concentrating solar such as the Stirling engines, and wind use 
negligible amounts of water in their operation). 

Water use for solar has become an issue in California. The Beacon Solar Energy 
Project is a proposed concentrated solar electric generating facility proposed on an 
approximately 2,012-acre site in Kern County, California. The project will use 
parabolic trough solar thermal technology to produce electrical power using a steam 
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turbine generator (STG) fed from a solar steam generator (SSG). The SSG receives 
heated heat transfer fluid (HTF) from solar thermal equipment comprised of arrays 
of parabolic mirrors that collect energy from the sun. 

As the California Energy Commission Status Report #6 notes ‘‘ . . . one issue, 
use of potable water for power plant cooling, was highlighted in the Committee’s 
scheduling order because ‘The Committee is interested in alternative cooling tech-
nologies and alternative cooling water sources that may be used at the plant to re-
duce the projects need for groundwater. . .’’14 

Question 2. Are there any regions in the country that are not expecting a signifi-
cant water problem in the next decade? 

Answer. While there are the chronic water shortage problem areas such California 
and the desert Southwest, we are seeing water problems in areas that previously 
never experienced them, such as the Southeast. A recent article stated that 36 of 
the states are facing water shortages within the next decade15. Combine shortage 
problems with climate changes with current concerns about radionuclides and phar-
maceuticals in the water and there are virtually no major areas of the country that 
are immune to water problems in the next decade. 

Question 3. Please describe how policies aimed at climate mitigation and adaption 
may affect policies developed in the energy and water sectors, and, specifically, the 
energy-water nexus. 

Answer. In California, Green House Gas (GHG) emission targets are pushing 
water utilities to improve efficiency of operation (to reduce energy consumption), in-
crease water conservation programs (to reduce water provided and the associated 
energy used), are converting wastewater treatment to biogas operation (to reduce 
methane emissions) and are increasing renewable generation, primarily solar and 
small hydroelectric. 

Question 4. Please describe the impact on energy use with stricter treatment 
standards for water and wastewater. Are there any energy related tradeoffs that 
may occur with stricter treatment standards? 

Answer. It is a truism that all of the increased treatment requirements increase 
energy use over past operations. As we control to lower and lower allowable limits, 
increase the number of contaminants treated for, and are investigating treating for 
even more problem chemicals such as radionuclides and pharmaceuticals, the treat-
ment process and energy requirements for the treatment are increasing signifi-
cantly. Combine increased treatment requirements for these contaminants with 
using poorer and poorer quality water for water supply (such as brackish or sea 
water) and in the next decade water systems are expected to add significant 
amounts of new electrical load as they access previously unused water sources and 
address increased treatment requirements16. 

A recent AWWA article details the increased energy costs associated with water 
regulations, finding that the 18 National Primary Drinking Water Regulations 
adopted between 1975 and 2006 cost 1.8 billion kWh per year in increased energy 
use and an additional $187 million per year in costs.17 

Question 5. Please describe the impact of energy policies and regulations on water 
demands and its availability. 

Answer. The impact depends upon the generation technology used and the water 
used. Certain renewables such as PV solar and certain concentrating (non thermal) 
solar, wind, and hydroelectric generation do not materially impact water demands. 
If recycled water is used, the impact on fresh water is reduced. The largest geo-
thermal generation field in the world, the Geysers in Northern California, is being 
‘‘fueled’’ by recycled water from the City of Santa Rosa. Many of the new generation 
facilities in California likewise are using recycled water. 

Question 6. As we further examine the interrelationship between water and en-
ergy, what type of qualitative data do you believe is needed to better understand 
the connections to biodiversity and ecological health? 

• The goal of Study 2 is to characterize and quantify the relationships 
between water and energy use by water and wastewater agencies, and to 
determine the range of magnitudes and key drivers of embedded energy in 
water. 

Study 3: End-Use Water Demand Profile Study 
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• Study 3 is designed to provide accurate hourly water use profiles. End- 
use Water Demand Profile study measures cold water demands of six end- 
use (customer) categories: 

1. Residential (Normal and Low-income, Single-family) 
2. Residential (Low-income, Multi-family) 
3. Commercial 
4. Industrial 
5. Public Buildings 
6. Agriculture 

The final analysis is the Embedded Energy in Water Pilot Programs measurement 
and verification. The focus is on verifying and quantifying the water and energy 
saved as a result of water-use reduction measures. There are a host of measures 
being tested, ranging from pH controllers to laundry ozone retrofits to high effi-
ciency toilets to recycled water use to leak detection. These studies/programs are un-
derway, and results expected in 2010. 

Question 7. How can we encourage coordination and collaboration of research, de-
velopment and policy efforts in the energy-water domain, with a view to cross-cut-
ting learning? 

Answer. Federal responsibility for water (primarily with the Environmental Pro-
tection Agency) and for energy (primarily with the Department of Energy) reside in 
different federal agencies (the Department of Interior is heavily involved with water 
supply and energy in the western states). 

—Joint studies and research on the water and energy can be initiated 
—These agencies should be required to address both water and energy as part 

of their on-going mandate (the EPA should evaluate energy impacts when de-
veloping water policy and regulations and the DoE should address water im-
pacts of energy policy and regulations). 

There is considerable value associated with developing the science, research, and 
monitoring techniques to address new generation products, and associated water 
pollution before the fact, as opposed to investing in costly remedial work after the 
water has become contaminated. California has initiated a Green Chemistry Initia-
tive which seeks to eliminate or reduce the use of toxic substances in products and 
manufacturing processes rather than managing wastes at the end of a product’s 
lifecycle19 that could be followed on a national level. 

Question 8. Please describe the linkages between energy and water consumption, 
as a society becomes more affluent. How do measures to improve water use effi-
ciency and energy efficiency correlate, as societies become more affluent? 

Answer. Energy use tends to increase with increasing affluence. Water use tends 
to increase initially with a rise in affluence, and then stabilize. It is axiomatic that 
water consumes energy and energy consumes water. Saving water will save energy, 
but saving energy does not necessarily save water. These two resources have fun-
damentally different characteristics that influence policy decisions. 

—There are very limited sources of additional fresh water available (primarily 
desalinization of sea water) but there are a host of options available for the 
creation of electricity. 

—As stated in my previous testimony, water conservation tends to result in 
more consistent and stable savings as compared to energy conservation, pri-
marily because new technologies are constantly being developed to use elec-
tricity. The energy use in California has tracked the population growth, while 
water use has remained flat for the last 30 years. 

—Water issues tend to be localized (or regionalized) while energy concerns tend 
to be more national (the price and availability of oil has national implications 
while the price and availability of water in Los Angeles primarily concerns 
Los Angelians. 

In my opinion, the water crisis is a more pressing matter than the energy crisis, 
because there are fewer options available to address it. 

Question 9. Please describe how water resource constraints can become energy 
constraints. 

Answer. Depending on the type of cooling tower, the cooling process for thermal 
electrical generators can account for up to 90%-95% of total plant water use20. How-
ever, there are options that can significantly reduce the amount of fresh water used 
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in electricity production. As the following table shows, two states, Florida and Cali-
fornia, have the majority of power plants using reclaimed water21 with Texas close 
behind. 

On June 19, 1975, amid concerns about the diminishing availability of fresh water 
in California, the State Water Resources Control Board (SWRCB) adopted its 
‘‘Water Quality Control Policy on the Use and Disposal of Inland Waters Used for 
Powerplant Cooling’’ (Resolution No.75-58)22. Resolution 75-58 states that from a 
water quantity and quality standpoint, the source of power plant cooling water 
should come from the following sources (in order of priority): (1) wastewater being 
discharged to the ocean, (2) ocean water, (3) brackish water or natural sources of 
irrigation return flow, (4) inland wastewaters of low total dissolved solids (TDS), 
and (5) other inland waters. Where the SWRCB has jurisdiction, use of fresh inland 
waters for power plant cooling will be approved by the Board only when it is dem-
onstrated that the use of other water supply sources or other methods of cooling 
would be environmentally undesirable or economically unsound. Additionally, Cali-
fornia Water Code Section 13550 et seq. requires the use of effluent for industrial 
purposes, especially for cooling, where it is available. In 1997, the siting agency in 
the state, the California Energy Commission (CEC), and the SWRCB entered into 
a Memorandum of Understanding in order to coordinate the review of projects for 
which a regional water quality control board or the SWRCB have authority. 

The use of dry cooling versus wet cooling for power plant operations has the fol-
lowing impacts: 

—the use of dry cooling reduces plant water requirements by about 90%, 
—an associated increased plant capital cost of about 5% to 15% of the total 

plant cost for the dry cooling system, 
—energy out reductions of 1% to 2%, and 
—capacity reduction of 4% to 6%.23 

Question 10. What percentage of water used in California comes from reused 
water? 

Answer. Currently 6% of the water use in California is from reclaimed water, but 
that percentage is projected to increase to 20% in the next two decades. The fol-
lowing table lists recycled water use in California in 2002. 

Recycled water use has increased sharply since 2000, in part due to the increased 
use by electric power plants. 

The state water plan developed by the Department of Water Resources, the Cali-
fornia Water Plan24, lists 1,670 acre-ft per year of recycled water in its future port-
folio of available water for consumption. 

Question 11. Please explain the energy requirements of reused water compared to 
freshwater use in California, particularly in southern California. 

Answer. While there is a considerable range in the energy requirements of fresh 
water, recycled water tends to have a much narrower spread, as the following table 
illustrates25. 

As the following table26 shows, for the Inland Empire Utilities Agency, recycled 
water has the lowest energy intensity of any of the water sources available. This 
relationship is typical for water agencies in Southern California. 

Question 12. How do the figures for water reuse compare to other states, and or 
nations with limited water supplies? 

Answer. The majority of water reuse in the U.S. occurs in four southern and west-
ern states. As the response to Question 9 states, the water reuse in these states is 
driven not only by a shortage of fresh water, but also by the extensive use of re-
claimed water for power plant use. 

Question 13. How do you weigh the ecological impacts of seawater use for energy 
production verses inland facilities, that likely use fresh water? 

Answer. For humans, fresh water is more valuable that salt water. As stated in 
response to Question 9 above, it is very difficult to site a power facility inland in 
California that uses fresh water without going to some alternative form of cooling 
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or water. California is also in the midst of evaluating a ban on once through cooling 
for power plants located on the coast due to its environmental impact.27 

RESPONSE OF LON W. HOUSE, PH.D., TO QUESTION FROM SENATOR STABENOW 

Question 1. Water scarcity in non-arid regions. When we talk about water supply, 
we often think immediately of California and the arid Southwest. Yet the ground-
water situation around the Great Lakes is poor and we’re facing major groundwater 
depletion around population centers like Chicago, Milwaukee, and Detroit. Further-
more, those areas have faced additional pressure on supply due to compacts with 
Canada restricting water extraction from the Great Lakes. I have also been told 
that in Michigan, a power plant application was denied due to lack of water avail-
ability. Could you expand upon this a bit more, to explain why the Great Lakes re-
gion also requires better water efficiency, although one might not realize it? 

Answer. Clean fresh water is a premium resource. The use of such a valuable re-
source to carry heat away from a power plant may not be the highest and best use, 
particularly when there are a number of alternative ways to either produce the 
power or dispose of the heat. 

Even in areas of perceived water abundance such as the Great Lakes area, there 
is conflict over water policy and use28. In 2008, the governments of the eight states 
in the Great Lakes basin adopted the Great Lakes—St. Lawrence River Basin 
Water Resources Compact (the Compact)29, which was recently ratified by the fed-
eral government to finalize the agreement30. The Compact puts strict limits on 
water use in an attempt to minimize future threats to the region31. One of the major 
objectives of the Compact is water conservation and efficiency goals and programs. 
These goals and programs are attempts to minimize water use and create sustain-
able use of the water within the Great Lakes area. 

RESPONSES OF CARL BAUER TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. The Energy-Water Research & Development Roadmap process was 
initiated in 2005 at the request of Congress, and 5.531 directs DOE to complete the 
process. What is the current status of the Roadmap, and when do you anticipate 
its completion? 

Answer. DOE participates in the energy-water nexus team, a collaborative effort 
among many DOE National Laboratories. The team conducted a series of 
roadmapping workshops and examined issues at the nexus of energy and water. A 
Roadmap has been completed in ‘‘final draft’’ form and is being reviewed and refined 
by DOE Headquarters. 

Question 2. Your testimony notes that combining IGCC with carbon capture and 
storage (CCS) technologies results in a generating facility with a greatly reduced 
carbon footprint and relatively low water consumption. Taking into account elec-
tricity output, carbon footprint, and consumptive water use, is it your view that fu-
ture research and development efforts should focus on combined IGCC-CCS facilities 
if we are trying to integrate energy and water policies? 

Answer. While IGCC may offer significant advantages over the existing fleets’ 
aging pulverized coal technology in terms of its efficiency, ability to capture carbon, 
and water consumption, it is not a universal solution. IGCC is primarily an option 
applicable to new coal-fired power plants; however, the existing fleet of approxi-
mately 300 GW will likely be with us for a long time. Therefore, more affordable, 
efficient carbon capture and storage (CCS) technology applicable to these existing 
pulverized coal (PC) plants needs to be developed, such as post-combustion carbon 
capture and conversion of PC plants to oxy-combustion technology. 

For the same reason, it is important for DOE to continue its CCS water manage-
ment research effort that is applicable to both IGCC and PC power plants. As stated 
in the testimony, an IGCC power plant’s water consumption is approximately 40 
percent less than that of a subcritical PC power plant without CCS. NETL analyses 
indicate that using current near-commercial CCS technologies on PC plants would 
more than double the amount of water consumed per unit of electricity generated. 



71 

While the water consumption for IGCC with CCS also increases, IGCC still has a 
comparative advantage, with water consumption significantly lower than that of 
post-combustion CCS technologies. 

It should also be noted that the comparison of IGCC to PC technology is site spe-
cific. For new coal plants using Western coals at high altitudes, the cost differences 
between IGCC and supercritical pulverized coal (PC) combustion are relatively 
small. For example, for IGCC at 5000 feet site elevation, the air density is down 
by 13 percent, causing IGCC gas turbine generator output to be reduced by 13 per-
cent, and also impacting gas turbine efficiency, as well as the efficiency of the air 
separation unit. As a result, at high altitudes, the cost advantages of supercritical 
PC with CCS over IGCC may heavily influence the choice of technology, if adequate 
supplies of water are available. 

Question 3. Your testimony provides valuable information about the current en-
ergy/water R&D efforts taking place at NETL, specifically as they relate to carbon 
capture and storage, and the impacts of CCS on water availability and quality. Can 
you comment on other R&D activities throughout DOE that relate to the energy/ 
water nexus? 

Answer. While the Office of Fossil Energy and NETL have been actively pursuing 
water R&D specific to CCS, as outlined in my testimony, the amount of R&D in the 
Department of Energy targeted specifically at water issues has been limited. Water 
technology development opportunities tend to be relatively low risk, incremental 
change, with incentives for the private sector from regulatory drivers. However, the 
Department has aggressively pursued development of renewable energy tech-
nologies, such as solar and wind, that have very low consumptive water require-
ments, which will be an important option for our energy future, particularly in 
water-limited areas. 

Question 4. Current carbon capture technologies would increase freshwater with-
drawal and consumption by fossil-based power plants. You state that pulverized coal 
plants that capture 90% of carbon emissions use twice as much water per unit of 
electricity generated. Can you provide more details on how this additional water is 
consumed, and potential areas for reducing water consumption in the CCS process? 

Answer. The additional water consumed for a pulverized coal-fired power plant 
with CCS is due primarily to the increased cooling duties of the CCS process. In 
general, as the cooling duty of the wet recirculation cooling system increases, more 
water is consumed by evaporation. In particular, the following three factors increase 
the duty of the cooling system: (1) additional cooling capacity for the further cooling 
of the flue gas before it enters the CCS process; (2) additional cooling water to cool 
the absorption solvent; and (3) cooling water to remove heat from the compression 
stages of the CO2 compressor. 

Furthermore, these additional loads also lower the power output of the plant, re-
sulting in less net electricity generation. For example, if CCS were added to a sub-
critical power plant originally designed to provide 550-MW-net power, it would de-
liver approximately 15 percent less electricity to the grid. The lower net output and 
higher consumptive water use results in the marked increase in water consumption 
on a net output (gal/MWh net) basis. 

DOE is directing research at advanced CCS technologies that have the potential 
to reduce water use. Dry and hybrid cooling technologies can also be incorporated 
into CCS plant designs—although at added cost and reduced performance—to lessen 
the load on the cooling tower and therefore reduce water consumption. 

Question 5 One of the primary goals of this legislation is to integrate decision- 
making related to energy and water. The policy and regulatory framework for these 
resources is currently under the purview of a variety of agencies at the federal, 
state, and local levels. Recognizing that allocating and managing water typically 
falls under state jurisdiction, what role can the federal government, through the De-
partments of Energy, play in the successful integration of energy and water policy? 

Answer. The Department of Energy’s (DOE’s) role is focused on the development 
of advanced energy system technology to meet cost, greenhouse gas (GHG) emis-
sions, water use, and environmental goals. It is important that the selection and de-
velopment of these advanced technologies be guided by achieving energy and water 
goals. This understanding is gained through integrated energy system analyses that 
provide an understanding of the life-cycle cost, water requirements, and environ-
mental impacts of an energy system. The DOE is implementing technology R&D 
and systems analysis projects that will provide technology and understanding to 
support the states in their planning, allocation, and management of water resources. 
The DOE must take an active role in disseminating these results to regulators and 
other Federal, state, and local agencies, as well as to the general public. DOE will 
continue to work very closely with other agencies where they have the lead role in 
setting regulations. An example is the recent work where DOE worked closely with 
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the Environmental Protection Agency as they developed their proposed rule for car-
bon dioxide geologic sequestration wells in the Underground Injection Control Pro-
gram under the Safe Drinking Water Act. That draft rule was published by EPA 
in July 2008. 

RESPONSES OF CARL BAUER TO QUESTION FROM SENATOR MURKOWSKI 

Question 1. Please describe how the United States can satisfy all the expected 
water needs of newly proposed power plants, including concentrated solar, in arid 
and semi-arid regions. 

Answer. Satisfying the expected water needs of newly proposed power plants re-
quires an understanding of each region’s situation. Two important parameters to be 
considered include the current and forecasted competing needs for water (e.g., pub-
lic, electric power, agriculture, industry) in a region, and the cost and performance 
of technology choices for that region. The DOE is carrying out R&D on a wide range 
of advanced technologies for electric power focused on minimizing water require-
ments. These technologies range from advanced integrated coal gasification fuel cell 
plant concepts that have minimal water consumption requirements, since they do 
not utilize a steam turbine cycle, to the use of solar energy systems with essentially 
no water consumption. DOE also carries out systems studies to analyze the integra-
tion of an electric power energy system concept into the region’s requirements and 
constraints. Satisfying expected water needs also requires a long-term view. This 
perspective is provided through an understanding of the life-cycle cost, water re-
quirements, and environmental impacts of an energy system. 

Question 2. Are there any regions in the country that are not expecting a signifi-
cant water problem in the next decade? 

Answer. There is data that suggests that all regions of the continental United 
States are at risk of strain on freshwater resources. As described in a 2003 GAO 
survey (GAO-03-514), water managers of nearly every state indicated that under av-
erage water conditions, some degree of potential freshwater shortage is likely in the 
coming decade. Since then, many regions have experienced drought conditions, par-
ticularly the arid West and Southeast, and are presently experiencing acute water 
availability issues. 

Credibly projecting future water problems requires adequate estimates of fresh-
water supplies and future water needs of competitive water-use sectors. DOE col-
lects design and operating data for the existing fleet of thermoelectric power plants. 
In DOE systems analyses, detailed water balances are evaluated for conventional 
and advanced coal-based technologies including carbon capture. Based on these 
analyses and Energy Information Administration (EIA) annual projections of future 
energy supply and demand, DOE estimates water needs for a range of future energy 
scenarios, including scenarios with carbon constraints. EIA’s recent trend for fore-
casting new thermoelectric power generation, through 2030, has been to show de-
clines in demand, due, in part, to increased reliance on efficiency and demand re-
sponse. This is tending to alleviate the concern for related increases in water de-
mand from the power sector. While these projections provide future water demand 
of only one water-use sector, these results still indicate that the Southeastern and 
Southwest regions are most at risk for an increase in water use by this sector. How-
ever, all regions show increased water consumption, and given the 2003 survey re-
sults provided by GAO, suggest that all regions continue to be at risk for water 
problems in the coming years. It is difficult to project future water problems, given 
uncertainties associated with climate change impacts on precipitation patterns, 
changes in energy production/generation in response to climate regulations, and 
other regional factors such as population growth and shifts in regional domestic, in-
dustrial, or agricultural water demand. As such, the Department recognizes the im-
portance to accurately characterize the water requirements of various energy tech-
nologies to aid in answering questions related to water demand over the next dec-
ade. 

Question 3. Please describe how policies aimed at climate mitigation and adaption 
may affect policies developed in the energy and water sectors, and, specifically, the 
energy-water nexus. 

Answer. In general, policies aimed at climate mitigation will raise the cost of en-
ergy. As that cost rises, the cost of treating water, both for drinking and for reuse 
or disposal, will rise. Given the population increase in the Desert Southwest, for ex-
ample, relatively costly schemes for desalination of brine for human use will become 
even more costly, as these technologies are energy-intensive. In addition, the use of 
carbon capture and sequestration (CCS) at fossil plants, whether coal or natural 
gas, requires incremental energy capacity and water for the added process. In cases 
where the water used must be reclaimed, as in California, the process will become 
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even more energy intensive. Nuclear plants, which may become more desirable due 
to their low carbon footprint, consume even more water per unit of energy produced 
than a fossil-energy plant with CCS. In non-drought afflicted areas, such as the 
Midwest and Mid-Atlantic, the cooling water requirements of CCS are not an issue 
with respect to water availability, most of the time. However, clean air and clean 
water policies sometimes conflict. For example, the installation of SO2 scrubbers 
leads to more water discharges from power plants. For pulverized coal plants, this 
issue would be exacerbated by CCS retrofits, as the scrubber must be larger to more 
stringently remove sulfur. In addition, for reliability, large-scale renewable energy 
requires an almost equivalent matching amount of simple-cycle gas turbines, likely 
without CCS. Such turbines will be run inefficiently to account for wind variability 
and/or run intensively during peak demand periods when the wind capacity factors 
are low, such as the month of August. New baseload power—either fossil with CCS 
or nuclear—brings along increased water needs and must be dealt with to help 
make energy supply more reliable. 

Question 4. Please describe the impact on energy use with stricter treatment 
standards for water and wastewater. Are there any energy related tradeoffs that 
may occur with stricter treatment standards? 

Answer. Stricter treatment standards for water and wastewater could have the 
potential to impact energy use. Energy requirements for water supply and treat-
ment range broadly from 1,900 to 23,700 kWh per million gallons of water. Whether 
stricter treatment standards would require significant levels of additional energy 
use would likely be project-specific and dependent on the methods of treatment re-
quired to meet this standard. For example, chemically-based treatment systems 
could require minimal energy use, compared to filtration-based treatment systems, 
such as reverse osmosis, which require significant energy use. 

Question 5. Please describe the impact of energy policies and regulations on water 
demands and its availability. 

Answer. It is estimated that the deployment of carbon capture systems using to-
day’s pulverized coal technology would approximately double the water consumed 
per Megawatt-hour generated by pulverized coal power plants. NEIL has initiated 
an aggressive RD&D program to significantly improve the overall technical and eco-
nomic performance of CO2 capture technology that would result in a reduction in 
the water consumption. Using IGCC technology with CCS—building on the existing 
gasification and CCS technology used at the Dakota Gasification Company’s Beulah, 
North Dakota facility—would significantly reduce the water consumption. 

In general, where water availability is an issue, power plant use of water will be 
an issue. A similar statement may be made with respect to water quality. Nonethe-
less, it bears repeating that power consumption of water is quite small relative to 
agriculture and public consumption. Broadly speaking, current Federal energy pol-
icy affects water demand in the following ways: the ethanol mandate increases 
water demand because ethanol plants are very water intensive; a new Phase II of 
Rule 316(b) of the Clean Water Act could increase water consumption due to the 
construction of recirculating systems to replace or substitute for once-through sys-
tems, and natural gas production leads to produced water that may affect ground-
water quality. At the present time, current state-level regulations and permitting 
practices have a larger effect on power plants and associated water demands than 
do Federal ones, since states have jurisdiction over siting. Advancing renewable 
portfolio standards in many states could reduce the use of water, as both wind and 
biomass use is less water-intensive in generation than coal or natural gas. However, 
this will come at a tradeoff with cost and reliability, and, in the case of biomass, 
water benefits may be partially offset on a life-cycle basis by increased irrigation. 

Question 6. As we further examine the interrelationship between water and en-
ergy, what type of qualitative data do you believe is needed to better understand 
the connections to biodiversity and ecological health? 

Answer. We believe that it would be valuable to quantify how different types of 
ecosystems and water flows react to changing land use for energy applications. The 
development of interagency collaboration between Federal agencies with expertise in 
energy-related water and biodiversity systems—as well as with state energy, envi-
ronmental, climate, and geological agencies—would be necessary in that regard. 
DOE currently participates in a number of inter-agency working groups organized 
around issues (and technologies) of interest that crosscut the missions of partici-
pating departments. Creating a focus for more formal coordination among Federal 
departments and state agencies who share a common interest could be a first step 
in fostering the more effective stewardship, production, and use of energy resources 
and force a broader view of the interrelationship of energy, water, biodiversity, and 
the planet’s ecological health. 
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Question 7. How can we encourage coordination and collaboration of research, de-
velopment and policy efforts in the energy-water domain, with a view to cross-cut-
ting learning? 

Answer. Coordination and collaboration needs to play a vital role in addressing 
the complex interactions among energy, water, and the environment in the United 
States. DOE actively collaborates with other parties from industry, academia, state, 
and other Federal departments in analyzing and attempting to mitigate the impact 
of energy production on water supply. 

Question 8. Please describe the linkages between energy and water consumption, 
as a society becomes more affluent. How do measures to improve water use effi-
ciency and energy efficiency correlate, as societies become more affluent? 

Answer. Energy consumption is correlated with affluence for poor and mid-income 
countries, but amongst more affluent countries there is less correlation between 
wealth and energy consumption. Enhanced water quality comes from not only the 
direct reduction of pollution but also at the cost of greater energy intensity for water 
treatment. Therefore, enhanced water-use efficiency will offset a portion of that in-
creased energy intensity. Refurbishing existing fossil plants to higher efficiency lev-
els would immediately reduce energy intensity per gallon used. Greater end-use effi-
ciency of lights and appliances and buildings may reduce the growth in consumption 
of energy and therefore of water associated with energy production. 

Question 9. Please describe how water resource constraints can become energy 
constraints. 

Answer. Water constraints can most certainly lead to energy constraints. Most ex-
isting baseload generation is thermoelectric (nuclear and coal) and hydro. Without 
adequate water resources, these plants cannot operate at full capacity. Any water 
restrictions could cause a unit to reduce its output or temporarily go offline, as seen 
in the summer of 2007 and described below. Satisfying peak energy demand during 
a sustained drought can be especially difficult. Unfortunately, drought conditions 
and peak energy demand usually occur at the same time. 

A February 19, 2009, report, Thirsty Energy: Water and Energy in the 21g Cen-
tury, by the World Economic Forum and Cambridge Energy Research Associates 
(CERA) describes the problem (page 30): ‘‘Although power plants are not generally 
charged for water, their permits designate the amount of water they are allowed to 
remove and consume from a water body and the quality of the water that must be 
returned to the water body, including a maximum temperature. The amount of 
water the power plant is allowed to withdraw or consume is based on providing 
enough water for all uses, including maintaining the environmental and ecological 
quality of the water source.’’ 

In times of severe stress, the availability of water for power plant usage becomes 
an issue. For example, the recent drought in the Southeast during the summer of 
2007 forced a Southeast U.S. power company to reduce power for some of their units 
and take other units offline at times to comply with temperature discharge restric-
tions. 

RESPONSE OF CARL BAUER TO QUESTION FROM SENATOR STABENOW 

Question 1. Interoffice coordination on water efficiency at DOE. What is the De-
partment’s approach to the impact of energy production on water? In the various 
offices that focus on nuclear power, fossil fuels, and EERE (including both renew-
able energy and biofuels), are there synergies work together to share information 
and implement policy to improve water efficiency in energy production? 

Answer. Coordination and collaboration plays a vital role in addressing the com-
plex interactions among energy and water in the United States. DOE actively col-
laborates with other parties from industry, academia, state, and other Federal de-
partments and national laboratories in analyzing and attempting to mitigate the im-
pact of energy production on water supply. Statutorily, the Environmental Protec-
tion Agency, through the Clean Water Act, Safe Drinking Water Act, and Resource 
Conservation and Recovery Act, has regulatory authority for water issues on the 
federal level. The US DOE, however, is often part of relevant interagency review 
processes, such as review of Section 316B of the Clean Water Act, which regulates 
Cooling Water Intake Structures. As you suggest, synergies do exist between ther-
mal power generation technologies (fossil and nuclear) regarding their water usage 
requirements and the potential for alternative cooling approaches. 

The DOE actively researches energy-water issues associated with coal plants. 
Other DOE Offices, such as EERE, are developing energy technologies that require 
very little water for power generation. DOE’s national laboratories also collaborate 
in ongoing research efforts, for studying the impacts of power technologies upon 
water systems. A valuable ongoing collaboration is DOE’s participation in what is 
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known as the Energy-Water Nexus Team—a multi-laboratory team consisting of 12 
National Laboratories and the Electric Power Research Institute (EPRI). The En-
ergy-Water Nexus Team has hosted several regional needs assessment workshops 
and more focused workshops on gaps analysis and technology innovations. These 
workshops have involved wide representation from government, industry, interested 
organizations, and academia, and have provided input and perspectives on emerging 
regional and national energy and water needs and challenges, as well as energy and 
water science and technology research directions. 

RESPONSES OF MICHAEL E. WEBBER TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. Several of you talked about the opportunity to reduce energy con-
sumption by reusing or conserving water. Mr. Bolze, your testimony specifically ref-
erences that the U.S. presently reclaims and reuses 6% of its wastewater compared 
to other countries with much higher percentages. 

Can each of you comment on the magnitude of potential you see for significant 
water savings yielding significant energy savings in this country? Are we just at the 
tip of the iceberg with respect to the water & energy savings possible through water 
conservation efforts? Has any established entity quantified the potential? 

Answer. It is my determination that water conservation is fertile territory for the 
nation to save both water and energy. We have much further to go in terms of con-
servation. The water and wastewater sector is responsible for 3% of the nation’s 
electricity use. Residential water heating is responsible for another 3-4% of the na-
tions’ electricity use. Combining all other end-uses and forms of energy, it’s likely 
that water consumption is responsible for at least 10% of the nation’s energy con-
sumption. Therefore, reducing water consumption can have significant cross-over 
benefits for energy consumption. Please note that it would be valuable to quantify 
these magnitudes more precisely. Regional studies (e.g. for the state of California) 
have already been performed, but a national estimate has not been conducted to my 
knowledge. 

Question 2. As discussed today, one of the hurdles to coordinated energy and 
water policy is that energy policy is developed at a national level and water policies 
are more local and regional in nature. 

How much of an impediment is that to integrating energy and water policy and 
what other impediments do you see to this goal? 

Answer. The mismatch in policymaking and regulatory structures for water and 
energy creates important hurdles for formulating integrated energy-water policies. 
For example, no agency is responsible for water quantity at a federal level (the EPA 
is responsible presumably for water quality), which complicates the policymaking for 
water issues that span municipalities, counties, or states. If several local govern-
ments wish to take a watershed approach to resource management, it would be use-
ful for them to have federal agencies to work with, akin to the energy industry, 
which has the FERC, DoE, and others. Other impediments include the mismatched 
market structures. Energy markets are becoming deregulated and competitive, 
whereas most water markets remain controlled by government monopolies, and so 
the policy context in which they operate are different. 

Question 3. In your testimony, you mention that the current trend in energy pro-
duction, with the exception of wind, solar, and low-irrigation biofuel crops is moving 
us toward more water-intensive energy sources. This is especially true for transpor-
tation fuels as we explore the use of domestically available unconventional fossil 
fuels, and irrigated biofuel crops. 

Which energy sector—electricity generation or transportation fuel production—do 
you feel has the greatest potential to reduce its water intensity in the near term? 

Follow-up: What emerging energy technologies have the greatest potential to 
achieve water savings, and what is necessary to encourage broader deployment? 

Answer. The electricity sector has greater ability to change its water use in the 
near term because they have several cooling options available. Power plants that 
use once-through cooling can switch to cooling towers. Power plants that use cooling 
towers (with water) can switch to those that are either dry-cooling towers that use 
air, or hybrid towers that use a combination of air and water. Because these tech-
nologies already exist and have been demonstrated, it is easier for them to make 
the switch (though there might be significant capital costs or parasitic losses to effi-
ciency from cooling techniques that are less water-intensive). For the transportation 
fuels industry, the key breakthrough would be developing biofuels that require 
much smaller water inputs per unit of useful energy that is produced, primarily by 
switching away from energy crops such as corn, which are particularly water-inten-
sive. These breakthroughs might be in the realm of bioengineering, genetic modifica-
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tions, catalytic conversion techniques, and so forth. In addition, conservation tech-
nologies are particularly valuable and cost-effective. 

Question 4a. You state in your testimony that the transition to new fuels might 
increase water consumption from one trillion gallons per year to a few trillion gal-
lons of water per year. 

Is there any future scenario where water use might actually be reduced in the 
transportation sector, such as a significant transition to hybrid or plug-in hybrid ve-
hicles with a large increase in renewable-based electricity generation, particularly 
wind? 

Answer. Widespread electrification of the transportation sector along with a shift 
towards electricity sources that do not require much water (natural gas, solar PV, 
wind, etc.) could reduce the amount of water that is used for transportation fuel pro-
duction. Staying with a conventional mix of petroleum-based gasoline and diesel, 
but using less of it through stricter fuel economy standards and reductions in vehi-
cle miles traveled, could also lessen the total amount of water required for transpor-
tation fuels production. 

At the hearing, there was discussion about solar thermal, and how much water 
it consumes relative to coal, natural gas, and nuclear generation. 

Question 4b. Can you provide additional information on that subject for the 
record? 

Answer. Most power plants that use heat to generate steam require cooling, and 
that cooling is usually provided by water. Nuclear, coal, natural gas, oil and solar 
thermal (concentrating solar power) power plants all use water for cooling, except 
for a few instances where dry cooling is used instead. Tables 1.1 and 1.2 below (from 
‘‘The Energy Water Nexus in Texas,’’ by Ashlynn S. Stillwell, et al., April 2009), 
compare the water requirements for different fuels and cooling methods. Concen-
trating solar power (CSP) has similar water requirements as solar power, with-
drawing approximately 840 gallons of cooling water per MWh of electricity that is 
generated, and consuming the same amount. CSP withdraws less water than typical 
nuclear power plants, but consumes more. CSP uses more water than both coal and 
natural gas. Solar PV and wind use much less water. 

The references for Tables 1.1 and 1.2 are as follows: 

17. Goldstein, R. and W. Smith. electric Power Research Institute. Water & 
Sustainability (Volume 3): U.S. Water Consumption for Power Production—The 
Next Half Century. 1006786. Palo Alto, CA, March 2002. 

25. National Renewable Energy Laboratory. Parabolic Trough Power Plant 
System Technology.Online. Available: http://www.nrel.gov/csp/troughnet/power 
plant systems.html. Accessed:October 13, 2008. 

26. Gleick, Peter H. ‘‘Water and Energy.’’ Annual Review of Energy and the 
Environment, vol. 19, (1994), pp. 267-299. 

27. Woods, Mark C., et al. National Energy Technology Laboratory. Cost and 
Performance Baselinefor Fossil Energy Plants, Volume 1: Bituminous Coal and 
Natural Gas to Electricity. Pittsburgh,PA, August 2007. 
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RESPONSES OF MICHAEL E. WEBBER TO QUESTIONS FROM SENATOR MURKOWSKI 

Question 1. Please describe how the United States can satisfy all the expected 
water needs of newly proposed power plants, including concentrated solar, in arid 
and semi-arid regions. 

Answer. The water needs for new power plants in arid and semi-arid regions 
might be met by: 1) using dry-or hybrid wet-dry cooling instead of traditional water 
cooling, and 2) using reclaimed water for cooling. 

Question 2. Are there any regions in the country that are not expecting a signifi-
cant water problem in the next decade? 

Answer. Water scarcity and abundance is inherently geographic in nature, and 
predicting the future of this resource is fraught with error. However, generally 
speaking the Pacific Northwest, upper Midwest and Northeast are more water-rich 
than the rest of the nation. Other regions are prone to droughts or perpetual scar-
city. 

Question 3. Please describe how policies aimed at climate mitigation and adaption 
may affect policies developed in the energy and water sectors, and, specifically, the 
energy-water nexus. 

Answer. Because water and energy are inherently linked, there are synergies from 
conservation. That is, water conservation will automatically cause energy conserva-
tion, and energy conservation will cause water conservation. Consequently, policies 
that promote energy conservation for the same of climate mitigation are also likely 
to achieve water conservation. Conversely, policies that promote water conservation 
are also likely to achieve energy conservation, which is good for climate mitigation. 

Question 4. Please describe the impact on energy use with stricter treatment 
standards for water and wastewater. Are there any energy related tradeoffs that 
may occur with stricter treatment standards? 

Answer. Water and wastewater treatment require energy. As we tighten environ-
mental standards for water and wastewater treatment, there might be energy im-
pacts, in that more advanced treatments typically require more energy. However, 
water and wastewater treatment becomes more efficient each year, and so it’s not 
clear whether the pace of tightening treatment standards will outpace efficiency 
gains. Furthermore, there are many opportunities for reducing energy demands by 
the water and wastewater sectors, for example by capturing and using bio gas pro-
duced from anaerobic digestion of sludge and retrofitting plants with the most effi-
cient pumps and blowers. 

Question 5. Please describe the impact of energy policies and regulations on water 
demands and its availability. 

Answer. Many energy policies affect water demands. The push for nuclear power, 
solar CSP, coal-to-liquids, and biofuels might increase demand for water. The push 
for wind, solar PV and conservation might reduce demand for water. These con-
trasting policy directions will surely affect water availability, though these effects 
will inherently be geographic in nature, depending on where the power or fuels pro-
duction takes place. 

Question 6. As we further examine the interrelationship between water and en-
ergy, what type of qualitative data do you believe is needed to better understand 
the connections to biodiversity and ecological health? 

Answer. Generally, quantitative data would be more valuable than qualitative 
data. Getting additional data on water resources to match the fidelity of data on 
energy would be very valuable. Right now, data collections related to water re-
sources and use re sparse, often inaccurate, and typically out of date. 

Question 7. How can we encourage coordination and collaboration of research, de-
velopment and policy efforts in the energy-water domain, with a view to cross-cut-
ting learning? 

Answer. There are many opportunities to coordinate and collaborate on the sci-
entific and R&D aspects of the energy-water nexus. Right now, no federal agency 
has clear responsibility for this issue, and consequently the science is not coordi-
nated. It’s likely that OSTP can play a positive role in coordinating the scientific 
program of the energy-water nexus. USGS can play a leading role in collecting, 
maintaining and distributing relevant data related. Other agencies such as NASA 
can also contribute critical information through its remote sensing capabilities. 

Question 8. Please describe the linkages between energy and water consumption, 
as a society becomes more affluent. How do measures to improve water use effi-
ciency and energy efficiency correlate, as societies become more affluent? 

Answer. As developing societies become more affluent, their energy and water 
consumption grow considerably, as we are seeing worldwide today. The story is 
more complicated for industrialized societies. As industrialized societies become 
more affluent, their overall energy and water use per unit of economic activity often 
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drops, primarily because energy-and water-intensive industries (such as manufac-
turing) get replaced with different sectors that use less water and energy (such as 
finance or other service sectors). In addition, affluent societies are better able to af-
ford efficient technologies, thereby sparing some water and energy consumption. 
However, a counter-trend to the society-wide change in water and energy use is that 
as individuals become more affluent, they tend to consume more energy (to air con-
dition large homes, for example) and water (because they eat more meat). It’s not 
always clear whether the growth in individual energy and water consumption will 
outpace or match the lessening energy- and water-intensity of industry. Con-
sequently, the net effect is sometimes difficult to predict. 

Question 9. Please describe how water resource constraints can become energy 
constraints. 

Answer. Because the power sector (and increasingly, the fuels production sector) 
requires so much water, water constraints can become energy constraints. For ex-
ample, droughts might limit the availability of cooling water for power plants. If the 
water levels in a reservoir drop below intake pipes to cooling systems, then power 
plants might be forced to shut down. In addition, heat waves, which raise the tem-
perature for surface water sources, might restrict the total output from power plants 
if they are bound by thermal pollution limits. That is, power plants cannot return 
their cooling water to the source at a temperature that induces harm to the eco-
system. If the cooling water starts off at a higher temperature, then the power plant 
has less cooling capacity available, and thus might be forced to dial down its output. 
In this way, droughts and heat waves introduce water constraints that can become 
energy constraints. 

Æ 


