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•! Water	and	geologic	systems	
•! Water	use	for	fuel	and	energy	
•! Extrac+on	
•! Materials	chemistry	in	aqueous	
				environments	
•! Cooling	in	thermopower	plants	
•! Waste	heat	recovery	
$
*#3&-&4.+'$5$6#1.7(+8$913:-(4#'$
•! Membranes	
•! Sorbents	
•! Electro/capaci+ve	technologies	
;&<&0='('$5$>#'<-.=(+8$913:-(4#'$
•! Bio-based	catalysis	
•! Electrocatalysis	
•! Photocatalysis	
	

Coming	soon!	





































h8p://www.heliatek.com/en/	

Dresden,	Germany	





















And	yet,	we	maintain	a	vibrant	agricultural	
industry	in	the	same	states:	

Yuma,	Arizona	(region)	&	Imperial	Valley,	CA:	
	

Home	to	70-90%	of	winter	vegetables	in	the	
U.S.,	and	LOTS	of	millionaires!!	
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DOE	is	(finally)	interested	
Schema+c	 view	 of	 water	 purifica+on	 from	 varied	
sources	using	membrane	filtra+on	and	osmosis.			
	
Filtra+on	 processes	 --	 membranes	 whose	 average	
pore	diameters,	and	pore	size	distribu+on,	control	
the	size	selec+vity	for	rejec+on	of	contaminants.			
	
Reverse	 osmosis	 --	 membranes	 are	 much	 denser,	
concentra+on	 of	 the	 impurity	 on	 one	 side	 of	 the	
membrane	 occurs	 via	 applica+on	 of	 external	
pressure	gradients	(ΔP) which	exceed	the	“osmo+c	
pressure”	 differen+al	 on	 both	 sides	 of	 the	
membrane	(Δπ)	

Membrane	materials	for	water	purifica+on:	design,	
development,	and	applica+on	
	Anna	Lee,	Jeffrey	W.	Elam		and	Seth	B.	Darling	-	2016	











A	Modern,	Cri+cal	Applica+on:	Navajo	Na+on	Solar	
Desalina+on	Demonstra+on	Pilot	Project	

•! Diminishing	water	supply	,	impaired	brackish	
water	supply,	need	to	incorporate	renewable	
energy	

•! 40%	popula+on	off-grid	in	
Southwestern	area	

•! $10	-	$35/1000	gallons	
•! 1500	–	15000	TDS	
•! Well	depth	400	to	1,600	feet	
•! Hauling	water	averages	40	miles	

round-trip	
•! Residen+al	gas	generators	used	for	

temporary	power	

•! Can	a	new	water	supply	be	developed	
incorpora+ng	an	economically	and	culturally	
appropriate	desalina+on	technology	that	u+lizes	
renewable	energy	to	service	areas	lacking	basic	
infrastructure	for	water	and	electricity?	

	







Regional	Algal	Feedstock	Testbed	(RAFT)	
h8p://rar.arizona.edu/		
University	of	Arizona	
Pacific	Northwest	Laboratories	(PNNL)	
Texas	A&M	
New	Mexico	State	Univ.	
	
Algae	for	food,	fuel	&	water	purifica+on!!	



Algae	Bioreactors	+	Holographic	op+cal	elements	–	“Solar	Glass”	–	
op+mized	light	for	photosynthesis	AND	electricity	produc+on3

Kim	Ogden	et	al.3
–	Lloyd	Lacomb,	Nasser	
Peyghambarian	et	al.3



The	future	of	water:	modular,	distributed,	energy	efficient	
Water	re-use	and	purifica+on	--	“Fit-for-Purpose”	Water	Supplies		

Primary/Secondary		
(Municipal)	Effluent	
Catastophic	
Weather	Events	

Agricultural	
	Runoff	

Manufacturing	&	
Mining	Waste	

Power	Plant	
	Discharge	

Potable	(Municipal)	Water	
(Do	we	really	need	this	purity	

for	all	applica+ons?)	

Agricultural		
Re-Supply	

Manufacturing	&		
Mining	

Re-Supply	

Power	Plant		
Re-Supply	

Brines/Solids/”Strategic	Materials?”	

	Energy		

RO/FO		
&	NF	

MD	 Bio/Algae	

Sedimentaton/
Filtra+on	

Seawater	

AOP	











Examples	(surrogates)	for	what	is	in	your	water,	that	passes	most	RO/FO	
purifica+on	systems:															(Snyder	etl	al.	Envr.	Sci.	Technol.	2016	







Something	new	will	be	brewing	in	Arizona	next	summer.	The	Southwest	Water	
Campus	has	won	a	$250,000	grant	to	ease	Arizonans	into	drinking	reclaimed	

wastewater	by	first	turning	it	into	beer.	





Find	us	here:	
h8p://energywaterfoodnexus.wordpress.com	
h8p://www.energy.arizona.edu/	













Advancing	Solar	Technology	
		
Tucson	Electric	Power	has	an	extensive	partnership	with	the	University	of	Arizona	to	study	and	
iden+fy	the	op+mal	integra+on	of	renewable	energy	technology.	Researchers	and	scien+sts	in	
the	UA	Renewable	Energy	Network	work	closely	with	TEP	personnel	to	test	solar	panels,	forecast	
weather,	experiment	with	different	solar	technologies	and	develop	ba8eries	for	storing	energy.	





	New	materials	plaworms	and	
systems-level	technologies	–	flexibly	
targeted:	
	
•! Energy-efficient	water	reuse	and	

purifica+on	–	municipal,	
agricultural,	mining,	and	energy	
produc+on	

•! Economical,	distributed	energy	
sources	and	energy	storage	
plaworms	

•! Mul+-analyte	sensor	plaworms	
•! Atomic-	and	molecular-scale	

understanding	of	separa+ons,	
molecular	recogni+on,	and	charge	
transfer	and	catalysis.	
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Turning	Waste	Sulfur	into	Processable	Polymers	for	Low-Cost	Li-Ba8eries	with		
High	Energy	Storage	Densi+es	–	Jeff	Pyun,	Dick	Glass	-	CBC	















Drag	picture	to	placeholder	or	click	icon	to	add	

HEADER	TEXT	
E&<#-(&0'$?.-$*.0&-$Q+#-8=$;.+7#-'(.+S$Q+#-8=$*<.-&8#$&+@$
T3<.#0#)<-.+()'$
$

•! A	tandem	solar	collector	employing	a	“PVMirror”	that	has	the	poten+al	to	both	
increase	energy	conversion	efficiency	and	provide	thermal	storage.	A	
concentra+ng	mirror,	spectrum	spli8er,	and	light-to-electricity	converter	all	in	
one:	It	consists	of	a	curved	arrangement	of	PV	cells	that	absorb	part	of	the	
solar	spectrum	and	reflect	the	remainder	to	their	shared	focus,	at	which	a	
second	solar	converter	is	placed.		

•! PV-PV	tandems	that	are	under	concentra+on	can	also	generate	nearly	as	much	
energy	as	silicon	flat-plate	PV	while	simultaneously	providing	the	full	energy	
storage	benefit	of	CSP.”	

•! $IEEE	Journal	of	Photovoltaics	(	Volume:	5,	Issue:	6,	Nov.	2015	)	

$1M,	DOE	Incubator	
	Private	Funding	

Patents	and	1	start-up	$

$

Large-scale	CPV		

–	Roger	Angel	–	Opt	Sci.	
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SWAMP	Intelligent	Building	Envelope	
Technology	Framework	

Shane	Smith,	CAPLA;	Clayton	Morrison,	SISTA;	Pierre	Lucas,	MSE;		
Kuo-Shiuan	Peng,	ECE.	

Materials:	PCMs	and	Hydrogel	integrated	with	ceramics	for	op+c,	heat	transfer	and	
moisture	transport	proper+es.	The	hydrogel-based	façade	modules	for	heat	
capacitance,	daylight	diffusion	and	evapora+ve	cooling	effects	and	self-Actua+on	of	
hydrogel	polymers	through	sorp+on	phases.	
		
Learning-based	intelligent	controllers;	In	the	specific	controlled	Environment	Weather	
(EW)	condi+on,	an	Ar+ficial	Intelligent	Controller	(AIC)	to	keep	the	Building	Weather	
(BW)	in	Consistent	and	Op+mize	the	Power	Consump+on	–	Called	the	REN	simulator.	



















Smart	data	and	decision-making	for	“precision	
communi+es”		
	
Measurement,	analysis,	and	op+miza+on	(control)	
of	chemical	and	physical	parameters	on	previously	
unrealized	scales.		
	
Genera+on	of	massive	data	sets	requiring	new	
modes	of	transmission,	storage,	access,	and	robust	
links	to	policy	and	decision-making	processes.	

h8p://www.cyverse.org/		


