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“Project will develop a thermally-
actuated transport reactor”
Page 30

FAR 
SITE

UNITED STATES
US DEPARTMENT 

OF ENERGY 

The DoE’s solar desalination 
funding programme awarded 

$21 million to 14 research projects

AIMS

Cut the cost of 
solar desalination

Help technology 
reach new 
markets

Take desalination 
to off -grid 
locations

TIME & COST

Projects last up to 
three years

Requires 20 to 
50 per cent cost 

sharing

US backs 
innovators to 
develop solar 
desalination 
systems



The California-based innovator 
Sunvapor was awarded $1.5 
million toward a research and 
development project costing $2.5 
million, that will aim to develop 
a new way of generating steam 
using solar-thermal energy, as 
well as a thermal energy storage 
system. See page 34.
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The US Department of Energy (DoE) has 
awarded $21 million across 14 research 
projects whose aim is to advance solar 
desalination. 

The objectives of the funding programme, 
announced in June, are to reduce the level-
ised cost of water (LCOW) by reducing the 
levelised cost of heat (LCOH), to advance 
newly- and nearly-commercialised systems, 
to produce repeatable results, and to deliver 
market-relevant solutions. The projects will 
run for up to three years, and are jointly 
funded by DoE and the research organisa-
tions. The funds were awarded to concepts 
that demonstrated high potential to meet 
the programme’s objectives on cost of water 

and solar thermal collection and storage, as 
well as for ability to minimise the volume of 
brine produced, and reduce or eliminating 
use of electricity.

The awards cover four topic areas: in-
novations to improve thermal desalination 
processes and e�  ciencies, while addressing 
challenges such as scaling and corrosion; 
low-cost solar-thermal energy collection 
and storage that reduces the levelised cost 
of heat, and incorporates dispatchability 
and portability; integrated solar-thermal 
desalination systems to improve e�  ciency 
and reduce the levelised cost of water; and 
in-depth analysis tools to support solar-
thermal desalination.

The DoE’s energy 
and water agenda
The investment in solar desalination 
research forms part of the DoE’s 
wider eff ort to address the 
challenges of interconnected water 
and energy systems. The department 
is poised to publish details of a new 
funding opportunity for an Energy-
Water Desalination Hub, and is 
developing an initiative to use prizes 
and challenges to address critical 
water issues.

The Energy-Water Desalination 
Hub is expected to comprise 
collaborative research teams from 
industry and academia, spanning 
science, engineering, economics, 
and public policy. Its purpose is to 
pursue a research and development 
investment portfolio to advance 
energy and water effi  ciency, and cost 
reductions, enabling pipe parity of 
desalination from a range of water 
sources.

More details on the prizes and 
challenges initiative are expected to 
be published this year.

$0.50 
PER CUBE

Projects addressing the 
challenges of large scale plants, 
processing high volumes of low 

salinity water, such as a municipal 
seawater desalination plant, 
are targeting a levelised cost 

of water of $0.50 
per cube.

$1.50 
PER CUBE
Projects addressing 

challenges for small scale plants 
processing low volumes of high 

salinity water, such as brine from 
oil and gas operations, 

are targeting a levelised cost 
of water of $1.50 

per cube.



SOLAR-DRIVEN 
DESALINATION 
BY MEMBRANE 
DISTILLATION USING 
CERAMIC MEMBRANES 

•  Team: Fraunhofer USA Centre for 
Energy Innovation

•  Location: Storrs, CT
•  DOE Award Amount: $800,000
•  Awardee Cost Share: $332,088
•  Principal Investigator: Jeffrey 

McCutcheon

Are long-lasting but expen-
sive ceramic membranes the 
best solution for solar-driven 
systems? At this point in their 
development, they suffer from 
high mass and heat transfer, wet-
ting, scaling and fouling. Jeffrey 
McCutcheon’s team at Fraun-
hofer intend to draw on their 
substantial expertise in the area 
to design and optimise small-
scale membranes, applying the 
lessons they learn to larger-scale 
elements to be used with a solar-
thermal test bed.

ULTRA-COMPACT 
AND EFFICIENT HEAT 
EXCHANGER FOR SOLAR 
DESALINATION WITH 
UNPRECEDENTED 
SCALING RESISTANCE

•  Team: University of Illinois at 
Urbana-Champaign

•  Location: Urbana, IL
•  DOE Award Amount: $1,584,349
•  Awardee Cost Share: $397,306
•  Principal Investigator: Anthony 

Jacobi

Scaling of heat exchangers is 
always going to be a factor in 
desalination because of the high 
magnesium content of brine. 
When it collects on the outside 
of tubes, it becomes a good con-
ductor of electricity, acting as an 
anode with the metal becoming 

a cathode. This anode-cathode 
setup allows electrons to flow 
freely between the scale and the 
metal, enabling corrosion to take 
place. To prevent this happen-
ing, Urbana’s project team will 
design, develop, and test novel 
coatings which aim to increase 
heat exchanger efficiency by 150 
percent or more compared to 
other technology.

SUPERCRITICAL 
TREATMENT 
TECHNOLOGY FOR 
WATER PURIFICATION

•  Team: University of North Dakota
•  Location: Grand Forks, ND
•  DOE Award Amount: $1,999,999
•  Awardee Cost Share: $511,145
•  Principal Investigator: Dr Michael 

Mann

The SWEETR process, trialled 
by Dr Michael Mann, stands for 
Supercritical Water Extraction 
– Enhanced Targeted Recovery. 
The process relies on the fact 
that, above critical temperatures, 
water loses its polarity and the 
solvation ability for salt drops 

by several orders of magnitude. 
The result is that inorganic salts 
solidify. However, at higher 
temperatures, scaling and cor-
rosion increase, so the team 
will be looking at technological 
improvements, along with ways 
to reduce energy, simplify the 
deployment and portability of 
the technology, and reduce the 
cost of treatment to less than 
$1.50 per cube — the DoE’s target 
cost. The targeted applications 
for the technology are brine 
solutions produced by oil and 
gas operators. Given a success-
ful demonstration, hypersaline 
solutions will be treatable 
cost-effectively, reducing the 
level of total dissolved solids 
(TDS) for reuse applications or 
safe disposal. Considering the 
growth in desalination, oil and 
gas production, and depletion 
of freshwater sources, Dr Mann 
anticipates that the technology 
will support growth.

ZERO LIQUID DISCHARGE 
WATER DESALINATION 
PROCESS USING 
HUMIDIFICATION-
DEHUMIDIFICATION IN A 
THERMALLY ACTUATED 
TRANSPORT REACTOR

•  Team: Oregon State University
•  Location: Bend, OR
•  DOE Award Amount: $2,000,000
•  Awardee Cost Share: $500,000
•  Principal Investigator: Bahman 

Abbasi

The team at Oregon State Univer-
sity is aiming to build a trans-
portable off-grid desalination 
system which is also modular 
and scalable. The process works 
with thermally-actuated nozzles 
heated on the exterior. The ther-
mal energy (heat) is converted 
into kinetic energy which accel-
erates air. The process, which is 
analogous to a steam jet ejector, 
heats the air, which in turn 
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TOPIC  
AREA 1
Innovations in thermal 
desalination technologies

The aim is to develop a hybrid process to treat high-salinity water 
with zero liquid discharge, using thermally actuated nozzles — 
components that operate in response to temperature changes 
— that are heated using low-grade solar heat. The hot air jets are 
humidified with brine and the solid particles can be separated out.



SOLAR-DRIVEN 
DESALINATION 
BY MEMBRANE 
DISTILLATION USING 
CERAMIC MEMBRANES 

•  Team: Fraunhofer USA Centre for 
Energy Innovation

•  Location: Storrs, CT
•  DOE Award Amount: $800,000
•  Awardee Cost Share: $332,088
•  Principal Investigator: Jeffrey 

McCutcheon

Are long-lasting but expen-
sive ceramic membranes the 
best solution for solar-driven 
systems? At this point in their 
development, they suffer from 
high mass and heat transfer, wet-
ting, scaling and fouling. Jeffrey 
McCutcheon’s team at Fraun-
hofer intend to draw on their 
substantial expertise in the area 
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coatings which aim to increase 
heat exchanger efficiency by 150 
percent or more compared to 
other technology.

SUPERCRITICAL 
TREATMENT 
TECHNOLOGY FOR 
WATER PURIFICATION

•  Team: University of North Dakota
•  Location: Grand Forks, ND
•  DOE Award Amount: $1,999,999
•  Awardee Cost Share: $511,145
•  Principal Investigator: Dr Michael 

Mann

The SWEETR process, trialled 
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– Enhanced Targeted Recovery. 
The process relies on the fact 
that, above critical temperatures, 
water loses its polarity and the 
solvation ability for salt drops 

by several orders of magnitude. 
The result is that inorganic salts 
solidify. However, at higher 
temperatures, scaling and cor-
rosion increase, so the team 
will be looking at technological 
improvements, along with ways 
to reduce energy, simplify the 
deployment and portability of 
the technology, and reduce the 
cost of treatment to less than 
$1.50 per cube — the DoE’s target 
cost. The targeted applications 
for the technology are brine 
solutions produced by oil and 
gas operators. Given a success-
ful demonstration, hypersaline 
solutions will be treatable 
cost-effectively, reducing the 
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ZERO LIQUID DISCHARGE 
WATER DESALINATION 
PROCESS USING 
HUMIDIFICATION-
DEHUMIDIFICATION IN A 
THERMALLY ACTUATED 
TRANSPORT REACTOR
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•  Location: Bend, OR
•  DOE Award Amount: $2,000,000
•  Awardee Cost Share: $500,000
•  Principal Investigator: Bahman 
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The team at Oregon State Univer-
sity is aiming to build a trans-
portable off-grid desalination 
system which is also modular 
and scalable. The process works 
with thermally-actuated nozzles 
heated on the exterior. The ther-
mal energy (heat) is converted 
into kinetic energy which accel-
erates air. The process, which is 
analogous to a steam jet ejector, 
heats the air, which in turn 
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TOPIC  
AREA 1
Innovations in thermal 
desalination technologies

The aim is to develop a hybrid process to treat high-salinity water 
with zero liquid discharge, using thermally actuated nozzles — 
components that operate in response to temperature changes 
— that are heated using low-grade solar heat. The hot air jets are 
humidified with brine and the solid particles can be separated out.

evaporates water from brine. As 
hot air interacts with the brine 
it evaporates it, becomes humid 
and leaves solid salt particles 
behind. A recuperator recycles 
the heat. The solid salt can be 
sold at a profit.

DIRECT SOLAR-THERMAL 
FORWARD OSMOSIS 
DESALINATION OF 
PRODUCED WATERS

•  Team: Lawrence Berkeley National 
Laboratory

•  Location: Berkeley, CA
•  DOE Award Amount: $800,000
•  Awardee Cost Share: $200,000
•  Principal Investigator: Robert 

Kostecki

High-salinity and/or high TDS 
cannot be efficiently treated by 
reverse osmosis. As a result, 
investigators have looked at the 
benefits of draw solutions in 
forward osmosis. Robert Kostecki 
is leading a team at Berkeley 
Lab, developing an integrated 
ionic liquid-based forward 
osmosis water treatment system. 
Making use of low-level solar 
heat, Kostecki and colleagues 
aim to drive the separation and 
regeneration processes at a small 
capacity, creating integrated 
desalination systems at a lower 
capital cost.

HIGH-EFFICIENCY, ZERO 
LIQUID DISCHARGE, 
MULTIPLE-EFFECT 
ADSORPTION 
DISTILLATION

•  Team: Greenblu
•  Project Name: Location: Hamilton, 

NJ
•  DOE Award Amount: $1,600,000
•  Awardee Cost Share: $400,000
•  Principal Investigator: Dr Howard 

Yuh

With its dual innovation of 
energy recycling and patented 
adsorbent materials, Dr Howard 
Yuh’s technique resembles a 
combination of multi-effect dis-
tillation (MED) and adsorption 
distillation (AD).

But where MED recycles the 
latent heat through succes-
sive chambers with decreasing 
pressure to recover the optimum 
amount of water, vapour adsorp-
tion distillation with energy 
recycling (VADER) vaporises 
brine through a sequence of na-

nocomposite adsorbent material 
in beds. The low-cost nanocom-
posite adsorbent uses graphite 
nanosheets to boost thermal 
conductivity.

The material effectually low-
ers the vaporisation temperature 
of the seawater, increasing cycle 
efficiency by starting at 120 to180 
degrees Celsius. Vapour is ad-
sorbed and desorbed depending 
on the temperature of the solar-
thermal-powered heat exchanger 
connected to the beds.

The beds of oscillating tem-
perature acts as a vapour pump, 
moving steam through the 
system. Because the adsorbent 
is the highest temperature com-
ponent rather than the seawater, 
this helps eliminate the scaling 
that dogs MED systems. And the 
beds do not come into contact 
with the brine, leaving only 
distilled water as the evaporate. 
The system can overcome the 
top brine limit that impedes 
desalination efficiency for other 
thermal techniques.

VADER is the only adsorption 
technology that repeatedly recy-
cles all available thermal energy 
(adsorption, latent vaporisation, 
and sensible heat) and GreenBlu 
estimates that it will achieve 
a performance ratio of around 
28, tripling the thermal energy 
efficiency of current methods, 
and reducing electricity usage to 
near zero.

GreenBlu’s grant will help 
advance development of the new 
technology, culminating with a 
scaled demonstration prototype 
of a commercial product. The 
concept is for an easy-to-deploy, 
shipping container module, each 
producing 60 m3/d, at $0.60 to 
$1 per cube. The capacity can be 
scaled up as needed. Production 
is set to commence following 
pilot testing to validate that the 
prototype works as expected.

“We will build a water-pro-
ducing demonstration prototype 
that will prove the efficacy of our 
new distillation method, show-
ing that desalination can be free 
from drawbacks,” says Yuh, add-
ing that his product could help 
factories and refineries to reduce 
demand on freshwater and to 
cut their waste streams. “There 
are lots of industries waiting 
for an affordable, sustainable 
zero liquid discharge process to 
reduce waste and the water they 
take from community, including 
fracking and electrical genera-
tion,” he says.

In fact, GreenBlu’s zero liquid 
discharge solution might better 
be described as a separation 
process. Beyond the scope of the 
DoE programme, the company 
has its eye on selling the mineral 
extracts of brine, such as mag-
nesium chloride and table salt, 
along with the water.

Magnesium extraction might 
potentially be a boon for owner 
or third-party system opera-
tors trying to make zero liquid 
discharge desalination economi-
cally viable. The metal is the 
lightest structural material, used 
for the chassis of Microsoft’s 
Surface Pro laptops, and increas-
ingly in transportation. Despite 
being one of the most common 
elements, there are no terrestrial 

deposits in the US, and seawa-
ter and saltwater is the only 
source. Seawater contains about 
1,300mg per litre of magnesium 
and at current costs, each cube 
of seawater contains about $48 
of the metal if extracted and 
refined.

Yuh developed his solution 
following a career researching 
fusion energy as a plasma physi-
cist at Princeton, with degrees 
in nuclear engineering and 
materials science. He founded 
GreenBlu in 2016 after realising 
the urgent need for sustainable, 
non-electric water technology 
that can be deployed with mini-
mal infrastructure as the world 
rapidly ramps up desalination to 
alleviate the water crisis.
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The project aims to build a 
demonstration prototype 
of vapour adsorption 
distillation with energy 
recycling (VADER), which 
vapourises brine through 
a sequence of beds of 
nanocomposite adsorbent 
material.

There are lots of industries waiting for 
an affordable, sustainable zero liquid 
discharge process to reduce waste



ENERGY WHERE IT 
MATTERS: DELIVERING 
HEAT TO THE 
MEMBRANE/WATER 
INTERFACE FOR 
ENHANCED THERMAL 
DESALINATION

•  Team: University of California, Los 
Angeles

•  Project Name: Location: Los 
Angeles, CA

•  DoE Award Amount: $1,995,249
•  Awardee Cost Share: $516,644
•  Principal Investigator: David 

Jassby

A steam iron doesn’t need a 
boiler tank, so why should a 
polymeric membrane distil-
lation (MD) system? Dr David 
Jassby and colleagues at the 
University of California, Los 
Angeles, have devised a system 
that heats the surface of a 
polymeric membrane where it 
meets the water rather than the 
entire feed stream, reducing the 
amount of energy required by 
the system.

As well as having high 
thermal conductivity, the layers 
of material also have high elec-
trical conductivity, minimising 
the amount of soiling, includ-
ing organic soiling. As billed, it 
quite literally delivers “energy 
where it matters.” It was during 
research into conductivity that 
Jassby’s team developed the 
plans for which they received a 
$2m grant from the DoE.

“We were working on MD 
tech focused on electrical con-
ductivity for several years and 
published a study on how you 
can apply resistive heat to the 
surface of a membrane. It had 
some nice results. We got to 
thinking, how can we conduct 
the heat from the outside? Our 
material boasts minimal verti-
cal heat transfer, so you don’t 
lose the heat that is the driving 

force for the evaporative pro-
cess,” says Jassby.

The high cost of MD-based 
evaporative processes is largely 
driven by the complex heat 
management schemes needed 
to capture and reuse all of the 
heat in the system e�  ciently. 
This results in cascades of 
heat exchangers making up 
the greater part of the capital 
costs of the systems. “With our 
system, you only need one heat 
exchanger, the most expensive 
part, and everything else is 
plastic. You feed things back 
into the beginning of the pro-
cess for very high single-pass 
recovery, at low cost.”

How low? “Based on our 
initial calculations, it’s looking 
quite positive and collecting 
solar heat is relatively straight-
forward; it’s fairly inexpensive 
to generate very high tempera-
tures from a solar re� ector. The 
DoE’s target is $1.50 a cube; we 
believe we can achieve that.”

The modular and scalable 
systems are designed to treat 
high-salinity brines from oil 
and gas operations, which 
can amount to several 
million US gallons per 
well, in addition to 
wastewater from 
chemical industries. 
This brine, Jassby calls 
“very salty stu� ”, or more 
than 100g of salt per litre of 
water. Currently, such water 
is trucked for long distances 
to deep-well injection sites 
or disposed of 
in evaporation 
ponds. How-
ever, deep-well injection 
has been implicated in local 
enhanced seismic activity (i.e., 
earthquakes) and can incur 
large transportation costs.

Meanwhile, evaporation 
ponds can leach dangerous 
chemicals and minerals into 
the groundwater if not properly 
lined, harming local wildlife. 
There is a strong incentive 
to develop local and e� ec-
tive treatment solutions. The 
remaining brine does require 
disposal, either through injec-
tion or a zero liquid discharge 
process, such as a crystal-
lizer, but the volume is greatly 
reduced along with costs. 
The project is expected to get 
underway within the next few 
months when the location is 
decided.

LOOP THERMOSYPHON 
ENHANCED SOLAR 
COLLECTOR

•  Team: Advanced Cooling 
Technologies

•  Location: Lancaster, PA
•  DOE Award Amount: $1,500,000
•  Awardee Cost Share: $500,000
•  Principal Investigator: Fangyu 

Cao

Solar loop thermosyphons obvi-
ate the need for a pump, with 
heat driving the mixed � uid 
and vapour around the system. 
The loop itself eliminates the 
� ooding limit which is the bane 
of traditional thermosyphons, 
driving up the power potential 
and bringing down the cost. 
Pennsylvania-based Advanced 

Cooling Technologies is working 
with nano� uids that absorb 
more sunlight, and a two-phase 
thermosyphon which makes the 
system more e�  cient, as well as 
making the collection of solar-
thermal energy easier. 

cess for very high single-pass 
recovery, at low cost.”

How low? “Based on our 
initial calculations, it’s looking 
quite positive and collecting 
solar heat is relatively straight-
forward; it’s fairly inexpensive 
to generate very high tempera-
tures from a solar re� ector. The 
DoE’s target is $1.50 a cube; we 
believe we can achieve that.”

The modular and scalable 
systems are designed to treat 
high-salinity brines from oil 
and gas operations, which 
can amount to several 
million US gallons per 
well, in addition to 

chemical industries. 
This brine, Jassby calls 
“very salty stu� ”, or more 
than 100g of salt per litre of 
water. Currently, such water 
is trucked for long distances 
to deep-well injection sites 

ever, deep-well injection 

TOPIC 
AREA 2
Low-cost solar-
thermal energy 
collection and 
storage

Based on initial 
calculations it’s 
positive — the DoE 
target is $1.50 per 
cube; we believe we 
can achieve that

Advanced Cooling 
Technology’s solar 
desalination design for the 
DoE. A loop termosyphon solar 
collection system for efficient, 
low cost, solar-thermal 
desalination, the design 
does not require fluid to be 
actively pumped throughout 
the system, reducing cost 
and expanding the market 
for creating fresh water from 
otherwise unusable waters.
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SKYTROUGH VACUUM 
MEMBRANE: AN 
EXTREME LOW-COST 
SOLAR-THERMAL 
COLLECTOR FOR 
DESALINATION

•  Team: Skyfuel
•  Location: Lakewood, CO
•  DOE Award Amount: $1,598,814
•  Awardee Cost Share: $399,704
•  Principal Investigator: Nathan 

Schuknecht

An e�  cient lightweight parabolic 
trough solar collector would help 
bring down the levelised cost of 
heat from solar-thermal energy, 
and make desalinated water 
cheaper. The team from Skyfuel 
has been working on improv-
ing their technology since 2005, 
focusing on a lighter aluminium 
space frame with fewer parts, 
assembly in double-quick time 
and larger and longer receiver 
tubes. Now they are using the 
DoE investment to develop a new 
membrane-based re  ector. An as-
sociated heat-transfer   uid deliv-
ery system with low-temperature 
thermal energy storage system 
will be designed and integrated.

LOW-COST 
DISPATCHABLE HEAT 
FOR SMALL-SCALE 
SOLAR-THERMAL 
DESALINATION SYSTEMS

•  Team: University of California, 
Merced

•  Location: Merced, CA
•  DOE Award Amount: $1,081,793
•  Awardee Cost Share: $277,133
•  Principal Investigator: Roland 

Winston

External compound parabolic so-
lar concentrators have two major 
advantages for humidi� cation-
dehumidi� cation desalination, 
in that they are non-tracking 
and cheap to maintain. The 
team in Merced, headed by Prof. 
Roland Winston, are improving 
the e�  ciency of their integrated 
compound parabolic concentra-
tors by designing, building and 
testing a low-cost thermal energy 
system to reduce the levelised 
cost of heat to below 1.5c/kWh. 
The � nal product will be totally 
portable and feature a novel 
thermal energy storage system. 
The team has its eye on supply-
ing rural and remote counties in 
the local Central Valley.

SkyFuel will develop a 
membrane-based parabolic 
concentrator that is lighter 
weight and lower cost to provide 
process heat for desalination 
systems. The product will be 
similar to its existing parabolic 
troughs, using instead a flexible 
membrane technology, rather 
than rigid, structural framing.
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SOLAR STEAM ON 
DEMAND

•  Team: Sunvapor
•  Location: Livermore, CA
•  DOE Award Amount: 

$1,500,000
•  Awardee Cost Share: 

$1,000,000
•  Principal Investigator: Philip 

Gleckman

While solar photovoltaics (PV) 
has benefited from hundreds of 
billions, perhaps even trillions 
of dollars-worth of subsidies 
from governments around the 
world, solar radiation has had 
little such investment.

Dr Philip Gleckman, former 
chief technology officer at nu-
clear giant Arriva, saw that gen-
erating electricity from solar PV 
was too competitive compared 
to solar thermal for the latter to 
make an impact. However, he 
knew that steam heat itself was 
much in demand from industry 
and favourably priced, and that 

LOW-COST 
DESALINATION USING 
NANOPHOTONICS-
ENHANCED DIRECT 
SOLAR MEMBRANE 
DISTILLATION

Team: Rice University
Location: Houston, TX
DOE Award Amount: $1,700,000
Awardee Cost Share: $787,124
Principal Investigator: Qilin Li

In conventional membrane distil-
lation, heat transfer reduces the 
temperature difference across 

the membrane, bringing down 
efficiency. Rice University is 
investing $1.7m to examine how 
an extra light-absorbing layer of 
special material, nanophotonics-
enabled solar membrane distilla-
tion (NESMD), can simultaneous-
ly convert sunlight to heat and 
desalinate water. Under the sun’s 
energy, the membrane layer 
serves to elevate vapour pressure 
with no extra heat source. At the 
distillate-membrane interface, 
the vapour condenses and is 
collected by a stream of purified 
water.

HAWAII SUNSHOT DESAL 
PROJECT

Team: Natural Energy Laboratory of 
Hawaii Authority/Trevi Systems
Location: Kailua-Kona, HI
DOE Award Amount: $1,928,238
Awardee Cost Share: $2,311,938
Principal Investigator: Gregory 
Barbour

Hawaii’s project comes out of 
the starting gate with a buyer 
eager for 500 m3/d of desalinated 
water, the thirsty nutraceutical 
company Cyanotech. The project, 
which has the potential to 
become the world’s largest solar-
powered forward osmosis (FO) 
plant, is a partnership between 
Petaluma, CA-based desalina-
tion specialist Trevi Systems, and 
Hawaii’s green tech park, Hawaii 
Ocean Science and Technology 
Park (HOST). The Natural Energy 
Laboratory of Hawaii Authority 
(NELHA) administers HOST Park 
which, founded in 1974, is at 870 
acres perhaps the largest single 
green economic development 
project in the world.

Trevi System’s special in-
gredient is “a very fancy, long, 
linear engineered molecule which 
makes up the draw solution,” 
explains founder, chairman, 
and chief executive John Webley. 
These molecules turn into coils 

when warmed to 60 degrees 
Celsius by solar thermal heat or 
concentrated solar power “then 
find a mate, and sink to the 
bottom or a gravity separator,” 
says Webley. This leaves 99.5 per 
cent of the permeate free to be 
extracted for use.

The team is using a variety of 
FO membranes and polymeric 
heat exchangers from third party 
suppliers. The project is totally 
powered by a solar thermal 
energy and aims to reduce the 
levelised cost of water (LCOW) 
to 40 per cent compared to the 
competition.

The off-taker Cyanotech grows 
micro-algae on land leased from 
NELHA, and 500 m3/d is a quar-
ter of the water it needs to pro-
duce astaxanthin and spirulina 
for the nutraceutical market. 
Cyanotech has 90 acres of aquatic 
growing space, and currently 
uses the state’s regular potable 
water — a supply that comes in at 
a costly $1.20 per cube.

Webley’s process makes use of 
solar heat at $0.01 per kWh with 
storage, compared to $0.15 to 
$0.16 per kWh for a photovoltaic 
panel and battery array.

NELHA’s chief programme 
manager Alex Leonard says: 
“Hawaii is a small island in 
the middle of a big ocean, and 
despite the sun, we are depend-

it could be made cheaper. As 
a result he set up Sunvapor in 
California, with a view to mak-
ing the product improvements 
that would bring down the cost 
of solar steam in a meaningful 
way, and in turn lower solar 
thermal desalination costs. 

With the DoE grant, Sunvapor 
is looking at two areas of in-
novation that could make solar 
steam-based desalination more 
viable: reducing the cost of the 
collector; and creating a thermal 
storage solution that is suitable 
for industrial steam.

The team is investigating a 
cheaper material for the struc-
tural elements which support the 
14 by 7 metre collectors in their 
perfect parabolic shape, with-
standing high winds. For many 
decades, steel had been used for 
this purpose and, as a result, the 
structure represented 75 per cent 
of the cost of the entire unit.

The team has settled on 
a renewable fibre-reinforced 
composite material much like 

lumber, using a design similar 
to a roof truss. “House builders 
have spent centuries creating 
a precision piece of equipment 
from this precise material,” ex-
plains Gleckman. The use of the 
composite can realise a 50 per 
cent reduction in the total cost of 
the unit.

The second area of experi-
mentation concerns an alterna-
tive to the molten salt used to 

store the heat from industrial 
steam by way of latent energy 
storage. The solar steam reaches 
temperatures of 150 to 250 
degrees Celcius, which is not 
high enough for a phase change 
in salt.

Instead, Sunvapor is storing 
heat in a different phase-change 
material (PCM), which melts like 
wax at the required tempera-
ture and below it, forms a solid. 

Philip Gleckman, 
Sunvapor chief 
executive, at 
a technology 
incubator event 
organised 
by CalSEED, 
the California 
Energy 
Commission 
programme 
for winners of 
its awards for 
clean energy 
entrepreneurs.
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ent on oil, if you can believe it. 
The island is high and lifting up 
water to 1,000 ft drives up the 
price.” Adding to its costs, much 
of Cyanotech’s supply evaporates 
from its sun-powered growing 
pools. “The company spends a lot 
of money on water that is lost to 
the atmosphere,” Leonard says.

Trevi Systems’ goal is to 
beat the potable price substan-
tially, and to scale up the project 
quickly, eventually to supply the 
client’s entire requirement of 
200,000 m3/d.

As well as cost, the technol-
ogy is positioned as competitive 
on safety grounds. “There are 
concerns about some of these 
draw solutions, it has to be very 
safe. Part of our test method is to 
introduce the draw solution into 
a fish tank and to check that the 

fish and their fry 
survive,” Webley 

says.
The technology has 

already been proven 
at demonstration scales, 

including at Masdar, the 
clean energy city development 

in the United Arab Emirates, 
where it ran for a year. “The 50 
m3/d programme was a success; 
the client was demanding low 
energy consumption, although 
not system cost savings — they 
saw ours was a new technology,” 
Webley says.

The $2m investment from 
the DoE will help to build out 
the project, with a substantial 
amount needed to recondition an 
existing, mothballed solar array, 
as well as a heat storage compo-
nent that will enable the process 
to run consistently on solar en-
ergy. Approximately $1.6 million 
will go to the FO plant, $200,000 
to the solar array, and $100,000 
to testing that the water is safe to 
use for Cyanotech’s process.

While the project benefits 
from the relatively high com-
parative cost of potable water in 
Hawaii, Webley is bullish about 
the prospects for scaling up the 
technology by another factor of 
10 — to 5,000 or 10,000 m3/d 
— the sweet spot for renewable 
desalination.

Once again, the building indus-
try has been making use of this 
method for some time, typically 
locating the PCM in a cassette 
embedded in a ceiling tile or 
wall. In Sunvapor’s Solar Steam 
on Demand process, the steam 
can be produced when the PCM 
releases its heat, and refreezes 
even when the sky is dark.

The goal is to develop a pro-
cess that can desalinate water 
over a 24-hour period with a 
levelised cost of heat of 1.5 cents 
per kWh.

Sunvapor’s green parabolic 
trough collector tested at 
Horizon Nut in Firebaugh, 
California. Heat collected 
from a field full of these is 
stored in a special phase-
change material.
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IMPLEMENTATION 
REGIONS

•  Team: Columbia University 
Centre for Lifecycle Analysis

•  Location: New York, NY
•  DOE Award Amount: $972,797
•  Awardee Cost Share: $274,481
•  Principal Investigator: Vasilis 

Fthenakis

Where is the best location for 
a thermal desalination plant, 

which technology can be used, 
and how can it be valued? Work 
by Prof Vasilis Fthenakis at 
Colombia University’s Centre for 
Life Cycle Analysis will generate 
maps to guide technicians as 
they seek a site; showing levels 
of salt in water and amounts 
of sunlight. The goal is a 
freely-available piece of single-
interface software to integrate 
techno-economic models and 
geospatial data layers. The 
resulting models will be verified 
by data from existing thermal 
desalination plants and data 
from solar-thermal desalination 
pilots at Plataforma Solar de 
Almeria in Tabernas, Spain.

Trevi Systems forward osmosis 
units at the Ghantoot site, 
Abu Dhabi, tested as part of 
the Masdar renewable energy 
desalination pilot programme, 
2013 to 2017.
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SOLAR STEAM ON 
DEMAND

•  Team: Sunvapor
•  Location: Livermore, CA
•  DOE Award Amount: 

$1,500,000
•  Awardee Cost Share: 

$1,000,000
•  Principal Investigator: Philip 

Gleckman

While solar photovoltaics (PV) 
has benefited from hundreds of 
billions, perhaps even trillions 
of dollars-worth of subsidies 
from governments around the 
world, solar radiation has had 
little such investment.

Dr Philip Gleckman, former 
chief technology officer at nu-
clear giant Arriva, saw that gen-
erating electricity from solar PV 
was too competitive compared 
to solar thermal for the latter to 
make an impact. However, he 
knew that steam heat itself was 
much in demand from industry 
and favourably priced, and that 

LOW-COST 
DESALINATION USING 
NANOPHOTONICS-
ENHANCED DIRECT 
SOLAR MEMBRANE 
DISTILLATION

Team: Rice University
Location: Houston, TX
DOE Award Amount: $1,700,000
Awardee Cost Share: $787,124
Principal Investigator: Qilin Li

In conventional membrane distil-
lation, heat transfer reduces the 
temperature difference across 

the membrane, bringing down 
efficiency. Rice University is 
investing $1.7m to examine how 
an extra light-absorbing layer of 
special material, nanophotonics-
enabled solar membrane distilla-
tion (NESMD), can simultaneous-
ly convert sunlight to heat and 
desalinate water. Under the sun’s 
energy, the membrane layer 
serves to elevate vapour pressure 
with no extra heat source. At the 
distillate-membrane interface, 
the vapour condenses and is 
collected by a stream of purified 
water.

HAWAII SUNSHOT DESAL 
PROJECT
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Hawaii Authority/Trevi Systems
Location: Kailua-Kona, HI
DOE Award Amount: $1,928,238
Awardee Cost Share: $2,311,938
Principal Investigator: Gregory 
Barbour

Hawaii’s project comes out of 
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eager for 500 m3/d of desalinated 
water, the thirsty nutraceutical 
company Cyanotech. The project, 
which has the potential to 
become the world’s largest solar-
powered forward osmosis (FO) 
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tion specialist Trevi Systems, and 
Hawaii’s green tech park, Hawaii 
Ocean Science and Technology 
Park (HOST). The Natural Energy 
Laboratory of Hawaii Authority 
(NELHA) administers HOST Park 
which, founded in 1974, is at 870 
acres perhaps the largest single 
green economic development 
project in the world.

Trevi System’s special in-
gredient is “a very fancy, long, 
linear engineered molecule which 
makes up the draw solution,” 
explains founder, chairman, 
and chief executive John Webley. 
These molecules turn into coils 

when warmed to 60 degrees 
Celsius by solar thermal heat or 
concentrated solar power “then 
find a mate, and sink to the 
bottom or a gravity separator,” 
says Webley. This leaves 99.5 per 
cent of the permeate free to be 
extracted for use.

The team is using a variety of 
FO membranes and polymeric 
heat exchangers from third party 
suppliers. The project is totally 
powered by a solar thermal 
energy and aims to reduce the 
levelised cost of water (LCOW) 
to 40 per cent compared to the 
competition.

The off-taker Cyanotech grows 
micro-algae on land leased from 
NELHA, and 500 m3/d is a quar-
ter of the water it needs to pro-
duce astaxanthin and spirulina 
for the nutraceutical market. 
Cyanotech has 90 acres of aquatic 
growing space, and currently 
uses the state’s regular potable 
water — a supply that comes in at 
a costly $1.20 per cube.

Webley’s process makes use of 
solar heat at $0.01 per kWh with 
storage, compared to $0.15 to 
$0.16 per kWh for a photovoltaic 
panel and battery array.

NELHA’s chief programme 
manager Alex Leonard says: 
“Hawaii is a small island in 
the middle of a big ocean, and 
despite the sun, we are depend-

it could be made cheaper. As 
a result he set up Sunvapor in 
California, with a view to mak-
ing the product improvements 
that would bring down the cost 
of solar steam in a meaningful 
way, and in turn lower solar 
thermal desalination costs. 

With the DoE grant, Sunvapor 
is looking at two areas of in-
novation that could make solar 
steam-based desalination more 
viable: reducing the cost of the 
collector; and creating a thermal 
storage solution that is suitable 
for industrial steam.

The team is investigating a 
cheaper material for the struc-
tural elements which support the 
14 by 7 metre collectors in their 
perfect parabolic shape, with-
standing high winds. For many 
decades, steel had been used for 
this purpose and, as a result, the 
structure represented 75 per cent 
of the cost of the entire unit.

The team has settled on 
a renewable fibre-reinforced 
composite material much like 

lumber, using a design similar 
to a roof truss. “House builders 
have spent centuries creating 
a precision piece of equipment 
from this precise material,” ex-
plains Gleckman. The use of the 
composite can realise a 50 per 
cent reduction in the total cost of 
the unit.

The second area of experi-
mentation concerns an alterna-
tive to the molten salt used to 

store the heat from industrial 
steam by way of latent energy 
storage. The solar steam reaches 
temperatures of 150 to 250 
degrees Celcius, which is not 
high enough for a phase change 
in salt.

Instead, Sunvapor is storing 
heat in a different phase-change 
material (PCM), which melts like 
wax at the required tempera-
ture and below it, forms a solid. 

Philip Gleckman, 
Sunvapor chief 
executive, at 
a technology 
incubator event 
organised 
by CalSEED, 
the California 
Energy 
Commission 
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for winners of 
its awards for 
clean energy 
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ent on oil, if you can believe it. 
The island is high and lifting up 
water to 1,000 ft drives up the 
price.” Adding to its costs, much 
of Cyanotech’s supply evaporates 
from its sun-powered growing 
pools. “The company spends a lot 
of money on water that is lost to 
the atmosphere,” Leonard says.

Trevi Systems’ goal is to 
beat the potable price substan-
tially, and to scale up the project 
quickly, eventually to supply the 
client’s entire requirement of 
200,000 m3/d.

As well as cost, the technol-
ogy is positioned as competitive 
on safety grounds. “There are 
concerns about some of these 
draw solutions, it has to be very 
safe. Part of our test method is to 
introduce the draw solution into 
a fish tank and to check that the 

fish and their fry 
survive,” Webley 

says.
The technology has 

already been proven 
at demonstration scales, 

including at Masdar, the 
clean energy city development 

in the United Arab Emirates, 
where it ran for a year. “The 50 
m3/d programme was a success; 
the client was demanding low 
energy consumption, although 
not system cost savings — they 
saw ours was a new technology,” 
Webley says.

The $2m investment from 
the DoE will help to build out 
the project, with a substantial 
amount needed to recondition an 
existing, mothballed solar array, 
as well as a heat storage compo-
nent that will enable the process 
to run consistently on solar en-
ergy. Approximately $1.6 million 
will go to the FO plant, $200,000 
to the solar array, and $100,000 
to testing that the water is safe to 
use for Cyanotech’s process.

While the project benefits 
from the relatively high com-
parative cost of potable water in 
Hawaii, Webley is bullish about 
the prospects for scaling up the 
technology by another factor of 
10 — to 5,000 or 10,000 m3/d 
— the sweet spot for renewable 
desalination.

Once again, the building indus-
try has been making use of this 
method for some time, typically 
locating the PCM in a cassette 
embedded in a ceiling tile or 
wall. In Sunvapor’s Solar Steam 
on Demand process, the steam 
can be produced when the PCM 
releases its heat, and refreezes 
even when the sky is dark.

The goal is to develop a pro-
cess that can desalinate water 
over a 24-hour period with a 
levelised cost of heat of 1.5 cents 
per kWh.

Sunvapor’s green parabolic 
trough collector tested at 
Horizon Nut in Firebaugh, 
California. Heat collected 
from a field full of these is 
stored in a special phase-
change material.
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Centre for Lifecycle Analysis

•  Location: New York, NY
•  DOE Award Amount: $972,797
•  Awardee Cost Share: $274,481
•  Principal Investigator: Vasilis 

Fthenakis

Where is the best location for 
a thermal desalination plant, 

which technology can be used, 
and how can it be valued? Work 
by Prof Vasilis Fthenakis at 
Colombia University’s Centre for 
Life Cycle Analysis will generate 
maps to guide technicians as 
they seek a site; showing levels 
of salt in water and amounts 
of sunlight. The goal is a 
freely-available piece of single-
interface software to integrate 
techno-economic models and 
geospatial data layers. The 
resulting models will be verified 
by data from existing thermal 
desalination plants and data 
from solar-thermal desalination 
pilots at Plataforma Solar de 
Almeria in Tabernas, Spain.

Trevi Systems forward osmosis 
units at the Ghantoot site, 
Abu Dhabi, tested as part of 
the Masdar renewable energy 
desalination pilot programme, 
2013 to 2017.
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