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Lattice Enabled (or Low Energy) Nuclear Reactions (LENR)
have great promise as distributed and cost-effective

sources of clean energy, free of dangerous radiation, residual
radioactivity and greenhouse gases. Much expensive research
and development is needed to realize that promise. However
and whenever commercialization happens, the intersection
of LENR and water will be significant. This paper starts with
a short general consideration of energy and water. Then, we
focus on the roles that water has played, and is still playing,
in LENR research. The third section is a summary of a study
of the possibility that water is actually the source of excess
energy measured in LENR experiments. That topic is then
revisited because of the reports by Pollack and his colleagues
that a new phase of water might be a source of energy. Since
energy from LENR generators will be used to produce, dis-
tribute and treat water, a section is devoted to that topic. The
concluding section summarizes the primary points made in
the paper, and notes opportunities for future research and
development on use of LENR for water processing.

1. Energy and Water
An old cliché states that “It takes money to make money.” A
variant of that applies to energy and water. It takes energy to
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Figure 1. Drawing showing some of the relationships between energy
and water, with emphasis on the production and use of electrical energy.

Figure 2. Operational water consumption factors for the noted electricity generation technologies. IGCC = Integrated Gasification Combined Cycle.
CCS = Carbon Capture and Sequestration. CSP = Concentrated Solar Power. Hydropower values are not given because they vary widely.
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make water, and it takes water to make energy. Water scarci-
ty degrades the ability to produce energy.1 The cartoon in
Figure 1 suggests some of the interconnections between
these two critical industries.2 The webinar that included
Figure 1 stated:

• Population growth increases total demand and economic
growth increases per capita demand.
• Global climate change intensifies the hydrological cycle,
complicating clean water production and distribution.
• Policy shifts are moving towards increasing water-intensi-
ty of energy and energy-intensity of water.

The water requirements for various means of energy gen-
eration have been quantified, as shown in Figure 2.3 It is
seen that different technologies have widely varying power
requirements. The engineering of LENR power generators is
in its early stages. It remains unknown if water cooling will
be required for such units. If distributed LENR units with
powers near 1 kW become commercially available, it is pos-
sible that they can be air cooled.

An analysis of the energy costs of supply and return phas-
es of water in the U.S. was published in 2011.4 The abstract
contained the following statements (with added bolding of a
major conclusion):

The method uses a top-down approach requiring lim-
ited system data, and relying on a transparent com-
putation of energy. It applies to small-scale, single-
user systems, to large water supply/return networks,
or to summations of data for classes of systems
whether simple or complex, and whether intercon-
nected or not. The reported example shows trans-
port could account for about 95 percent of U.S.
water systems’ energy use. Energy use for transport
among different water-sectors ranged from roughly
80 percent to nearly 100 percent of total sectoral ener-
gy demand. Contrasting that generalization, specific
data for standalone systems would show when ener-
gy demand depends, for example, more on treatment
needed to meet quality standards.

The very high fraction of energy for handling input and
output water is noteworthy. It implies that reductions in
energy usage for the processing of water and the treatment
of wastewater can have only marginal impacts on the over-
all energy usage for water. However, they are still significant,
so we will consider such factors in Section 5.

2. LENR and Water
Water has been a part of LENR research from the initial
experiments of Fleischmann and Pons in the mid-1980s and
the many experiments that followed their 1989 announce-
ment. They were attempting to determine experimentally if
crowding deuterons into palladium could lead to nuclear
fusion. The deuterons were obtained from the electrolysis of
heavy water.5 Calorimetric measurements showed that more
energy was obtained from the electrochemical cells than was
put into them electrically. Similar experiments were con-
ducted by other researchers with protons gotten from the
splitting of light water.6 They also reported production of
“excess heat.” Many LENR experiments were also conducted

with gases as the sources of either protons or deuterons.7

Electrochemical production of hydrogen isotopes has a
great advantage relative to the use of gaseous sources.
Application of even modest voltages and currents to an elec-
trochemical cell results in very high densities of either pro-
tons or deuterons on the surface of the cathode materials.
Those materials are typically palladium, nickel or alloys of
those metals. Whether the hydrogen isotopes primarily
enter the metal (as is the case for Pd) or tend to stay on the
surface (as with nickel at ordinary temperatures), the densi-
ty of protons or deuterons on the surface is very high.
Unattainable gas pressures would be required to produce
such high areal densities of protons or deuterons.

A simple calculation gives an indication of the surface
areal densities of protons (P) or deuterons (D). A typical cur-
rent density for loading deuterons into palladium is 100
mA/cm2. Amperes are Coulombs per second and a Coulomb
is 6.2 x 1018 electrons. The lattice constant of palladium is
0.386 nm. After conversion of units, it is found that during
electrolytic loading over 800 electrons pass through each
surface unit cell per second. Since two electrons are needed to
electrolyze one water molecule and each water molecule has
two protons or deuterons, that value is an approximation to
the number of protons or deuterons produced over each lat-
tice cell each second. Those hydrogen isotopes can recom-
bine while still on the surface and escape as bubbles, rather
than entering the palladium. But, another simple calculation
indicates that most of the protons or deuterons do enter the
palladium, if the interior ratio of those isotopes to palladium
atoms (the “loading” ratio X = P/Pd or D/Pd) is smaller than
0.5. Experiments with loading deuterons into palladium
rods with diameters of one to a few millimeters show that a
loading X = D/Pd of 0.5 can be obtained in about half an
hour. Using this empirical information, one can again esti-
mate that hundreds of deuterons go through each surface
lattice cell each second.

It must be noted that the advantages of high surface den-
sities of hydrogen isotopes with electrochemical loading do
not suffice to make this approach the best for commercial-
ization. There are two practical drawbacks to using electro-
chemical means to produce protons or deuterons on metal
surfaces. One is that the experiments are somewhat complex
in their power supply requirements, and electrode surfaces
are prone to depositions that can degrade or stop loading.
The other problem is that experiments cannot be run at tem-
peratures higher than the boiling point of the electrolye,
about 100°C for light or heavy water. Such relatively low
temperatures are not good for efficient production of elec-
tricity. LENR experiments with molten salt electrolytes at
temperatures near 400°C did achieve excess heat production,
but have not been successfully replicated.8 In short, using
gases as the sources of protons or deuterons at high temper-
atures (typically above 1000°C) is the approach to commer-
cialization that is most likely to result in early products.

3. LENR Energy from Water?
Using water as the source of hydrogen isotopes is the best
known intersection of LENR and water. However, there is
another possibility that was explored about a decade ago.
Graham Hubler wondered if small energy changes in the large
number of water molecules in electrochemical LENR experi-
mentsmight account for themeasured excess energy. That stim-
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ulated two of us to perform a study about such a possibility.9

Before discussing what was done and found in the study,
we note four significant energies associated with water. A
prime characteristic energy for water molecules is their heat
of formation. The numerical value of the heat of formation
depends on the reaction conditions, and whether the pro-
duced water is gaseous or liquid. Another important energy
is the heat of vaporization, which is the energy to cause a
molecule to transition from the liquid to the gas phase. The
heat capacity of water is high, and there is an energy associ-
ated with raising the temperature of water. And, at a given
temperature, there is a thermal vibrational energy associated
with each water molecule. Some of the energies of water in
Table 1 provide a baseline for assessment of the eV/molecule
values measured in LENR experiments. Sources for the values
in Table 1 are in Reference 9.

Rearrangement of water molecules involves energies from
a few percent to almost half of 1 eV, as seen in Table 1. Such
energies are very low in comparison to those due to nuclear
reactions, which are in the order of mega-electron volts. The
lowest value in Table 1, the vibrational energy of water at
room temperature, will be used for comparison with
eV/molecule values reported from LENR experiments. It will
be seen that many measured eV/molecule values fall below
the vibrational energy. However, some values are well
beyond even the molecular heat of formation.

We examined 335 experimental LENR papers. The infor-
mation extracted from them populated an Excel spreadsheet.
Experimental parameters—such as cathode material and
dimensions, reference electrode, anode characteristics, Pd
loading ratio, electrolyte composition and volume, type of
water, current density, operating and delta temperatures, oper-
ating time, applied voltage and current, power, and excess
energy—were tabulated. Of these, we focused on the excess
energy and electrolyte volume because we wished to obtain
values for the eV/molecule for the water in the electrolyte.

Only 40 out of 335 papers provided quantitative results
for the amount of excess energy achieved in LENR experi-
ments. The rest either failed to report any information about
the output or reported excess power instead of energy. Sixty
percent of the 40 papers reported results of 200 kJ or below;
200 kJ is enough energy to light a 100 W bulb for about half
of one hour. Only 40% of the papers report-
ing values for excess energy showed results
above 200 kJ, with the highest documented
value being 200 MJ. Notably, excess energy
values up to 900 MJ were reported in experi-
ments involving hydrogen-loaded nickel sys-
tems, rather than the more-studied palladi-
um-deuterium system.

Only 57 out of 335 papers indicated the
amount of heavy water or the amount of elec-
trolye used in the experiments. Most experi-
ments involved cells with volumes at or
below 200 cm3, with the highest volume used
being 1000 cm3.

Both excess energy and water volume val-
ues were available from only 17 papers. The
two values were plotted against each other.
The trend of the highly scattered data points
suggested a rough correlation between those
two factors, where higher cell volumes seem

to result in higher excess energies. That might indicate that
some impurity in the electrolyte was involved in the pro-
duction of excess heat. However, given the diversity of the
experiments reported in the 17 papers, that is not a likely
scenario. Scaling of excess heat with cell volume could be
tested experimentally.

Values of excess energy per water molecule were calculat-
ed from papers that reported both numbers, and a histogram
was created, as shown in Figure 3. Many of the reports had
high eV/molecule outputs. In fact, 11 of the papers reported
energy per molecule values higher than that of the vibra-
tional energy of water at room temperature. Those papers are

Figure 3. Histogram showing the distribution of eV/molecule values based on data from
experimental LENR papers.

Table 2. LENR articles that showed excess energy per water molecule
values above the vibrational energy of water at room temperature.
See Reference 9 for citation of these papers.

Author Year eV/molecule

Oriani 1990 0.051 *

Lonchampt 1996 0.067 **

Takahashi 1998 0.106

Ohmori 1993 0.328

Storms 2006 0.659

Miles 1990 1.03

McKubre 1992 1.40

Miles 2001 1.45

Dardik 2008 3.27

Bockris 1993 11.2

Takahashi 1992 42.6

*highest value amongst 11 experimental runs.
**highest value amongst 6 experimental runs.

Table 1. Water molecule energies (eV/molecule).

Heat of Vaporization 0.43

Energy to Heat Water from “Room T” to Boiling 0.063

Vibrational Energy (3kT/2) at “Room T” 0.043
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listed in Table 2. The highest value obtained is 42.6
eV/molecule.

The fact that some of the papers had very high
eV/molecules compared to the energies in
Table 1 shows that there must be some
other explanation of excess energy than
new molecular rearrangements. Hence, it
was concluded that some unknown
rearrangement of water molecules in an
LENR experiment is not the source of
anomalous heat production.

4. Energy from Water Revisited
Since our 2009 study of the possibility of
water being the source of energy in LENR
experiments, we became aware of the
work by Pollack and his colleagues on
what they call the “fourth phase” of
water.10 The results in a book by Pollack,
and the papers on which it is based,
require that we rethink the possibility that
concerned Hubler about a decade ago.

Pollack and his colleagues have data
that indicates the water molecules near a solid hydrophilic

surface form into sheets of hexagons parallel
to the surface. Figure 4 contains a sketch of
the structure,11 and a micrograph in which
small beads are pushed away from a surface
by the sheets of water.12 The region near the
surface filled with the sheets of water mole-
cules is called an Exclusion Zone, or EZ. It is
typically 100 micrometers in width, although
it can be made wider.

Hydrogen atoms are thought to be shared
between adjacent layers, so that the overall
ratio of hydrogen and oxygen atoms in the
sheets within an EZ is H3O2, in contrast to
the familiar formula of the water molecule
H2O. Hence, the region near the surface has
an overall net negative charge. Formation of
the layers pushes positive charges away from
the surface, leading to charge separation.
Such charge separation stores energy, much
as does a capacitor. Pollack likens the charge
separation to a battery, but it is more like a
capacitor because batteries work on the basis
of reduction and oxidation chemistry, rather
than simple geometrical separation of
charges. The formation of the hexagonal lay-
ers is chemical in nature, but the thermody-
namics of that process is unclear. Further, it is
not known if energy can be extracted by any
means from the energy changes due to layer
formation.

If two electrodes are inserted into water
near a hydrophilic surface, one in the EZ and
the other in the bulk water beyond the EZ, a
current can be measured. Figure 5 shows data
for this effect.13 Reference 10 states that the
voltage (V) developed due to the formation of
the EZ layer is 100 to 200 mV. Taking the

higher value, and an average current (I) of 2 microAmps for
400 seconds from Figure 5, the power (P = I x V) taken from
the separated charges is approximately 0.4 microWatts.

Hence, the EZ capacitor supplied about
160 microJoules during 400 seconds. The
size of the electrodes is not known to us,
but it was probably on the order of 1 cm2

or less. Hence, the areal power provided
by the EZ capacitor was about 0.4
microWatts/cm2 and the areal energy was
about 160 microJoules/cm2.

Experiments by Pollack and his team
have shown that light plays a key role in
the formation and growth of an Exclusion
Zone near a surface. Figure 6 contains one
example from their work.14 Absorption of
energy from the light possibly leads to dis-
ruption of the normal hydrogen bonds
between water molecules, freeing them to
form the hexagonal layers parallel to the
surface. The overall energetics of that
process involves a sequence of steps: (a)
absorption of some fraction of the inci-
dent light near the surface, (b) use of part

of that energy for breaking hydrogen bonds, (c) some of that

Figure 4. Left: Schematic of the layers of H3O2 parallel to a surface. Right: Photograph
of the Exclusion Zone (EZ) near a surface, where small beads added to the water are
pushed out of the EZ.

Figure 5. Time history of the current from separated charges in the EZ and the water fur-
ther from the solid surface, which produced the EZ.

Figure 6. Image of an EZ close to the
plastic nafion. Top: control without light.
Bottom: after several minutes of expo-
sure to light.
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energy then may go into assembly of the sheets of ordered
H3O2, which formation may be either endothermic or even
exothermic, (d) the formation of the layers does work by
pushing protons out of the EZ, leading the charge separation
and stored electrostatic energy and (e) some fraction of that
energy can be recovered by insertion of electrodes into the
EZ and the water farther from the surface, depending on the
area and surface chemistry of the electrodes, and the motion
of charges from the water toward the electrodes. The effi-
ciency of each of these steps is not known, so it is not possi-
ble to compute the overall efficiency of conversion of light
energy to electrical energy. This approach to the generation
of electricity from light might be substantially less efficient
than common solar cells.

There are two primary uncertainties regarding the role of
EZ formation in LENR experiments. The first has to do with
the mechanism. No LENR experiments have been shown to
involve the formation and influence of any EZ. There are at
least two uncertainties about EZ formation on either elec-
trode in an electrochemical LENR experiment. The first ques-
tion is about the nature of the surfaces—are they
hydrophilic, as EZ formation requires? The second question
deals with the role of the applied voltage in a LENR cell (with
values that are much higher than the 100 to 200 mV devel-
oped between an EZ and water distant from a surface).

Another major concern is the amount of power that can be
drawn from an EZ compared with excess pow-
ers measured in LENR experiments. We esti-
mated above, from data obtained by measure-
ments on EZs, that available powers might be
on the scale of microWatts. This is about three
orders of magnitude below the minimum
detectable power of the best calorimeters used
in LENR experiments. Hence, small powers
due to the potential existence of EZ water
would not be seen with such instruments. So,
we can conclude that the discovery of EZs
near the surfaces of hydrophilic surfaces is
very unlikely to be the cause of the excess
power measured in LENR experiments to date.
It should be possible to design experi-
ments to test for any influence of EZs
on the production of LENR energy.
One question is how the presence of
the hexagonal layers on the surface of
the electrode would influence charge
transport into and out of the elec-
trolyte. Impedance spectra might shed
some light on that possibility.

It is also possible that means can be
found to improve the electrical power
available from EZs within specially
engineered devices. The overall effi-
ciency of EZ sources of electricity
might also be improved. The observa-
tion that the optimum light wave-
length for EZ production is near 3
micrometers in the infrared can be
viewed as encouraging. That is, ther-
mal electromagnetic energy from the
surroundings of an EZ device might
provide the optical energy needed for

production of electrical energy. This has been addressed by
Pollack.15 Even if the process is inefficient, otherwise wasted
thermal energy might go into producing electricity. But,
here again, there is competition from thermoelectric devices.
A great deal of research and development is needed to see if
EZ-based devices can be practical sources of electrical energy.

5. Clean Water Production and Reclamation
with Energy from LENR
If LENR are commercialized as small energy-producing sys-
tems, they will have several advantages, including cost-effec-
tiveness due to energy gains, the absence of radiation,
radioactivity and greenhouse gases, and, especially, their
size, which makes possible distributed energy production.
When available, LENR energy generators will be used in
developing countries. Then, it is very possible that use of
energy from LENR will lead to improvement in the avail-
ability of clean water and a serious improvement in world
health. This opportunity moved two of us to present a poster
at a recent conference on LENR.16 This section summarizes
some of that presentation.

Two facts about water are widely known. The first is the
large fraction of people in the world that do not have ade-
quate water, let alone good water for consumption and
cleaning. Approximately one billion people routinely lack

Figure 7. World map showing the number of months with water scarcity.

Figure 8. Treatment plant for water from a fresh surface supply showing the multiple processes
that are required.
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healthy water, which leads to many diseases and deaths.
Figure 7 is a world map that shows areas of moderate and
severe water shortage.17 The map indicates that northern
Africa and the Middle East18 have particularly great prob-

lems with insufficient water.
Dirty water causes severe health

problems in many parts of the world,
including those with water shortages.
In some countries, separation of
sewage from water for drinking, cook-
ing and bathing is not assured. Water
contaminated by human waste is a
problem for millions of people. The
medical and other human costs of the
unavailability of safe water are stagger-
ing. So, if LENR generators do become
available, reliable, safe, distributed and
can be used in a wide variety of cir-
cumstances, production of clean water
is certainly an attractive application.
Widespread use of LENR to insure
availability of clean water could have a
historic impact. Hence, we focused on
that possibility.

The second fundamental fact is the
energy intensive character of the pro-
duction of clean water, and also treat-

ment of waste water. This can be appreciated by considera-
tion of the schematics for clean water production from sur-
face water (Figure 819) and seawater (Figure 920). Both of
these types of plants for production of clean water require

many processes, most of which consume ener-
gy. A brief review of the process for cleaning
water and their energy requirements follows.

There are three classes of processes to rid
water of problem materials:

1. The water can be removed from the con-
taminants, as in distillation.
2. The contaminants can be separated from
the water, as in filtration.
3. Biologicals can be destroyed chemically.

These types of processes include different
approaches, some of which are indicated in
Table 3. A more complete list of means to
purify water is available.21

The diversity of water supply and cleanup
systems makes it difficult to get an overview
of the energy requirements for supply and
return phases of water processing. We found
one overall summary of the energy require-
ments for water purification.4 As noted
above, it states that a large fraction of the
energy needed for water goes into pumping.

There are also energy costs available for
individual processes. Table 4 gives exam-
ples.22 We note that 1 kWh = 3.6 MJ or the
output of a 1 MW source for 3.6 seconds.

Energy consumption of seawater desalina-
tion has reached as low as 3 kWh/m3, includ-
ing pre-filtering and ancillary processes. This
is similar to the energy consumption of fresh
water supplies transported over large dis-
tances, but much higher than local fresh
water supplies that use 0.2 kWh/m3 or less. A

Table 3. Processes for removing water and contaminants.

Contaminants Remove Remove Destroy
Water Contaminants Contaminants

Dissolved Materials Distillation Ion-Exchange or ---

Reverse Osmosis

Suspended Materials Distillation Filtering or Flocculation ---

Biologicals Distillation Filtering or Flocculation Chemical Treatment

Table 4. Energy consumption (kWh/m3) by seawater desalination methods.

Multi-Stage Multi-Effect Vapor Reverse
Flash Distillation Compression Osmosis

Table 5. Energetics of different water purification processes.

Process Equipment Chemicals & Energy (kJ)/liter
Disposables

[1] https://answers.yahoo.com/question/index?qid=20130123173708AAErxQz
[2] https://www.oas.org/dsd/publications/Unit/oea59e/ch20.htm
[3] https://www.oas.org/dsd/publications/Unit/oea59e/ch20.htm
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Figure 9. Tampa Bay seawater desalination plant based on reverse osmosis and other processes.
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minimum energy consumption for seawater desalination of
around 1 kWh/m3 has been determined, excluding pre-fil-
tering and intake-outfall pumping. Under 2 kWh/m3 has
been achieved with reverse osmosis membrane technology,
leaving limited scope for further energy reductions.23

Another perspective on energy costs of water purification
is available from Table 5. Each process comes with a required
energy. This table show that most of the processes requires
significant energy to produce one liter of water. The highest
energy per liter is for reverse osmosis. That specific process
uses more pumped water, almost four liters to produce one
liter of clean water.
The energy necessary for distillation is about 2600 to 5680

kJ/ liter. This value is high because of the need to heat the
water to the boiling point of 100ºC (= 373K), and then sup-
ply the energy for breaking the water-water bonds (the heat
of vaporization). Energy for ion-exchange is the lowest
because this process is chemistry based. However, it takes
energy to prepare the ion-exchange medium prior to its use.
There are various kinds of filtration, and some need more

energy than others. Filtration methods with low energy
include the basic systems with sand and gravel, where grav-
ity supplies the needed forces. High energy filtration systems
are more technological. They use pumps to force water
through filters to speed the process of filtration.
The above are energy costs for water processes. Financial

costs of various other processes are also available.24 The rela-
tionship between energy and the cost of energy varies wide-
ly globally.
Adults are urged to drink 64 ounces (1.9 liters) of water

daily.25 Twenty liters, on average, are needed for both drink-
ing and sanitation.26 Taking 1000 kJ/liter for clean water
production, a 1 MW LENR generator would produce enough
energy in one day to make (at 100% efficiency) about 90,000
liters of water, enough for the daily drinking and sanitation
needs of about 4500 people.
Water reclamation is also costly in both energy and

money. We provide an example from the Washington, DC
area. There, the Blue Plains Advanced Wastewater Treatment
Plant services the District of Columbia and parts of the two
neighboring states of Maryland and Virginia. An aerial view
of the facility is given in Figure 10.27 That plant handles
enough water each day to fill the local soccer stadium,
which seats 45.5K people. The average power requirement
for the plant is 24 MW. It is obtained from the grid and from
producing combustible gas by treating some of the solids
removed from the waste water.

6. Conclusion
Energy and water are strongly interconnected, and LENR was
and will remain closely related to them both. We have pro-
vided information on the current and potential intersections
of LENR with energy and water. The earlier conclusion that
small rearrangements in many water molecules are not the
source of the excess energy in LENR experiments was
reviewed. The additional possibility that the Exclusion Zone
(EZ) observed near some types of solid surfaces could be the
cause of excess energy was examined for the first time. It
appears that energy stored in an EZ cannot account for the
excess energy seen in LENR experiments. Hence, there now
appears no reason to believe that the excess energy measured
in many LENR electrochemical experiments has its origin in
water of the electrolyte.
We made an initial foray into assessing the possible

impact of energy from LENR generators on the production
and return of water. This overview of such energy for acqui-
sition and reclamation of water is only a start on a needed
and much more detailed review of the possible impact of
energy from LENR on water. A thorough study by a team of
water experts, engineers and economists is needed to (a) bet-
ter quantify the merits of LENR energy for production of
clean water, (b) identify the opportunities for initial uses of
LENR energy and (c) assess the health impacts of more wide-
spread availability of clean water. The possibility that ther-
mal energy from LENR will be used without conversion to
electricity needs attention. More urgent is the fact that LENR
energy generators will probably be relatively small, 1 MW or
less in power output. They can be ganged to power large-
scale water plants, such as we noted above. However, the
small scale of LENR energy sources makes possible a new and
much smaller type of water plant. Much engineering will be
needed to design, prototype, test and use such facilities in
large numbers. In general, there remains a great deal of study
and modeling to be done on the intersection of LENR and
water. It is possible, maybe even likely, that companies will
specialize at some point in the future on the use of LENR
energy for water processing.

Figure 10. Aerial view of a major wastewater treatment plant in the
eastern U.S. The length of the dashed line is about 1 kilometer.
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This paper has focused on the intersection of LENR, ener-
gy and water, which is only a part of the overall relationship
of energy and water. The energy and water connection, or
“nexus,” has been getting additional attention. That con-
nection has been broadened in a recent book to include pro-
duction of food and climate change.28 It would take a study
on the scale of a Ph.D. dissertation to properly characterize
individually, and then study the intersections of energy pro-
duction and use, water purification and reclamation, and
food production and waste handling, as well as atmospheric
impacts and climate change. The interrelationships of ener-
gy, water and greenhouse gas emissions have been the focus
of some water utilities.29 There was also a call in 2016 for the
formation of an Advanced Research Projects Agency for
water, which might be called WARPA.30 The Defense agency
DARPA would be the model for WARPA.
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