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Overview

Solar & Desalination T Technology Pairing
Experience with Tampa Bay Water Authority
Expert Presentations T Technical & Economic Feasibility

Discussion & Questions




Traditional Reverse OsmosIs

Traveling Screens

filter :::nsrr»; :ood. Diatomaceous Earth Filters
a r debris Microscopic materials
greater than 1/4 inch Pasiole

Sand Filters 41¢ gliminated
Settlement g aier soidsare e
Heavier solids are
fitered from
settled and removed the water
from water

in tandfill

the regional water facil
Solids Processing "l bend the v
Solids are prepared for desalinated water
off-site disposal with treated
surface water

Reverse Osmosis Process (R.0.)
Under high pressure, water
is pumped through racks
housing
membranes to remove the salt

Cartridge Filters
in place to protect
reverse osmosis

Concentrated Salt Water
19 million gallons of concentrated salt water Energy Recovery
are directed back to the power plant,
mixed with up 10 1.4 billion gallons of
cooling water and returned to the discharge canal

Tampa Bay
Seawater Desalination Plant
Process Diagram
at 25 mgd Production

Turbine

Sample Year - 2013

0 Volumei1 10.34 MGD

U0 Total Operating Costi $12.9 M
U Energy UseT 14,120 kWh/MG




Questions?

Donald J. Polmann Ph.D., P.E.
Commissioner

Florida Public Service Commission

(850) 413-6044
Commissioner.Polmann@psc.state.fl.us
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Panel on Solar Desalination of Drinking Water

NARUC Winter Meeting
Washington, DC

February 12, 2018

Committee on Water
&
Committee on Energy Resources and the Environment

Peter E. Shanaghai.Eng
Senior Environmental Engineer
United States Environmental Protection Agency
Office of Ground Water and Drinking Water
Washington, DC 20460



Sea Water Desalination
Major Capital and Operating Cost Drivers

Step 4
| Reverse osn

A Finished Water Quality A Permitting and Regulatory Issues
A Transmission of Finished Water A Project Delivery Method

A Feedwater Quality and Variability A Power Cost & Proximity

A Raw Water Intake A Labor

A Brine Disposal A Technology

Specific Project Costs are VERY site specific!!




Total Water Use (billion gallons per day)
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Figure 4. Average daily indoor per household water use
REU1999 and REU2016
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Figure 5. Average daily indoor per capita water use
REU1999 and REU2016
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Panel Questions

1. Is the pairing of Solar Technology with Desalination Technology technically feasible?

A Yes
A hOSNI oy 2F GKS @g2NI RQa AyailulftftSR RSalrtAylriaAzy OF

2. Is the pairing economically feasible?
A Depends on site and objectives

3. Is solar powered desalination a possible solution for drought challenged water utilities in the United States?
AlT{t Aa LRISYOGAlIfte I a3FrYS OKFY3ISNE F2NJ GKS ! {

A Moving water is our major cost (Pumping)
A Could make desalination cost competitive supply source (future)

A Demand Side Efficiencies remain to be achieved
A Brine disposal remains challenging
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Solar Energy Desalination
POTENTIAL FOR CLEAN AND AFFORDABLE NEW WATER SOLUTION:

Leon Awerbuétresident International Desalination Consultancy Associates LLC
Chairman of Energy and Environment Committee and Dean IDA Desalination Academy
of International Desalination Association




The annual solar
radiation on the earth
surface is 1400 times
higher than the annual
world energy
consumption and 25
times higher than the
total coal reserves

SOLAR ENERGY COMPARISON

SOLAR®
23,000 TWylyear

2008 World energy
consumption
16 TWylyear

2050: 28 TWy




Solar energy Is a source of renewable energy and the
oceans are unlimited source of water.

We know that desalination is proven technology to produce clean water from the sea and brackist
resources. Desalination however is relatively enamggnsive, and sustainable solar systems are und
development to reduce energy and environmental impact.

Today Solar revolution both in PV and CSP is going cheaper by the day,

A In Abu DhablinkoSolaand Marubeni sign 2§ear PPA for 1177 M\&weiharproject at
$0.0242/kWh. The power price is one of the lowest ever achieved by a utility scale project gloh

A Dubai will get Solar Power Day and Night without subsidy at Lower Cost thdine@aSlectricity

ACWA Power was awarded 700 MW CSP at a levelized tariff of US $7.30 cents per kilowatt hour;
level that competes with fossil fuel generated electricity without subsidy for reliable and dispatcha
solar energy through the night. By far the largest sirgile thermasolar power plant in the world the
plant uses a statef-the-art combination of a central tower and parabolic trough concentrated solar
power (CSP) technologies and molten salt storage of energy. IDA

o Assy,

DESALINATION
ACADEMY
—



How much desalinated water
IS produced worldwide?

The IDA/GWI Inventory data show that there contracted plants
with a total capacity of 99.8 million fid (26.4 billion gallons per
day) of which a total capacity of 92.5 million¥d (24.4 billion
gallons per day) have been commissioned.

How many desalination plants are there around the world?

There are almost 20,000 desal plants over 150 countries

DESALINATION
ACADEMY :




FIGURE 2: CUMULATIVE CONTRACTED AND ONLINE CAPACITY, 1965-2017
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L ecosdseeswoses

Process/energy type MED MED-TVC MSF RO
Specific heat consumption, kJ/kg, 178 221-250 250273

PR kg/2326 kJ/kg 13 11.09.3 9.38.5

Steam pressure, ata 0.3-0.4 2.53.5 2.5-3.5

Electric energy equivalent, kWh/f  3-4.5 5.4-8* 5.6-8.0

Electric consumption, KWh/m 1.0-1.5 0.91.8 3.445 3.34.0

Total electric energy equivalent,

KWh/m3 4.0-5.0 6.3-9.8 9.0-125 3.34.0

— — et 4
DESALINATION S -
LeNoUYd Inspiring Innovation and Exeellence




Solar Thermal and Solar Membrane Desalinatior

A Since thermal desalination Multi Effect Distillation (MEID)cesrequire relatively large
guantities of heat sources at low temperatures belowd#@C , this creates enormous
opportunity to use solar hot water to store and drive the desalination process 24/7.Th
electrical energy requirements for MED is in range only of 1.0 kWh to 1.5 k¥Vh/m

A Membrane Reverse Osmosis process for seawater requires electrical energy of 3.3 tc
kWh/1.5 kWh/n? and faces challenge of intermediate supply and today relative high
cost of battery storage.

A Desalination and Solar industry works intensively to solve challenges of intermediate
supply and in case of seawater desalination the interconnection between solar plants
location and costal requirements for desalination plants.

A We join forces in Global Clean Water Desalination Alliance to work together on large
utility size system and small grid independent plants. ||w

DESALINATION
ACADEMY
T ——-



The Global Clean Water Desalination Alliangél,0 minus CQ

The action plan includes obtaining amplified commitment by all Alliance
members to use clean energy sources to power new desalination plants and to
retrofit existing plants, whenever possible. Further focus is on improved
energy efficiency of desalination processes, increased efforts on R&D and
demonstration projects, better dissemination of innovative technologies,
capacity building and analysis and formulation of adequate policies and
regulatory frameworks. The concept of the Alliance underlines that the initiative
will ensure the sustainability of the entire desalination process is taken into
account beyond the sole issue of energy sources.

We call on all to join the Alliance to bring the vision to reality

"IDA is proud to be a founding member of the Global Clean Water Desalination
Alliance. We have long been a champion of environmental responsibility in
desalination practices including lower energy consumption and an increase in
the use of renewable energy to power desalination, resulting in the reduction of
CO2 emissions. This has been a goal of IDA's Energy and Environmental
Committee, and we believe that the GCWDA initiative will bring us ever-closer
to realizing this objective,"




DESALINATION IS THE SUSTAINABLE SOLUTION AND HOPE
FOR THE FUTURE GENERATIONS

Solar Desalination provides hope to the world
community that we can provide water, the essence of
life, at a reasonable cost, solving the scarcity of
existing water supplies, avoiding regional and
territorial conflicts, and providing the water resource
for sustainable development.

oA

IDCA
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|SOLAR WATER" ‘
DESALINATION ' N \
TECHNOLOGIES W g S \

Kelly Beninga 2018 NARUC Winter Policy Summit
President & CEO February 11 7 February 14, 2018

SkyFuel, Inc. Renaissance Washington Hotel
Lakewood, CO

© SkyFuel, Inc.
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PV/ Reverse

Osmosis
Heat Consumption (kwh,/m3) 0
Power Consumption (kwh,/m3) 3.5
Cost to Operate* ($/m?3) 0.28
Zero Liquid Discharge? No

* Electricity @ 0.08 $/kwh
Thermal energy @ 0.01 $/kwh
10,000 to 100,000 m3/day plant

CSP / Multiple
Effect Distillation

45
1.5
0.57
Yes

CSP / Forward
Osmosis

16
0.2
0.18
Yes

© SkyFuel, Inc.
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Solar heat used to boil water in successive
stages

Optional steam power generation prior to
desalination process

Well developed and broadly used desalination
technology

Demonstrated by SkyFuel and partners at
Panoche Water District - Firebaugh, CA (near
Fresno)

Fresh water for agricultural use produced from
brackish ground water

Successfully demonstrated 500 gal/hr water
production with Zero Liquid Discharge

Steam turbine
= ) [\'—i

Solar
superheater
MED system

Steam |:"AV\-.I»"’V\-3| 47 Dy Seawater

generator

aak

‘

Solar preheater Brine

i
‘ _Q:'TD‘agrator

i

o\
Q—Q Expansion vessel

© SkyFuel, Inc.



- OOLAR,EORWARD OSMOSIS DESALIN TI'ION.'SYSTI;}/I/
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Advanced solar desalination system
under development by SkyFuel and
partners

Greatly improved energy efficiency
compared to RO and MED

6% of electricity consumption compared
to RO

35% of heat consumption compared to
MED

Heated chemical solute used to
induce osmotic pressure across
membrane rather than using pumping
power

Zero Liquid Discharge for inland
applications
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Contact:

Kelly Beninga

President & CEO

SkyFuel, Inc.
kelly.beninga@skyfuel.com
303-330-0276
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Applications of Nanotechnology In Solar
Desalination

Francois Perreault, Ph.D.

School of Sustainable Engineering and the Built Environment
Ira A. Fulton Schools of Engineering
Arizona State University

RS ri7ovstars &7
UNIVERSITY




FSi

Solar Energy For Desalination

Average sun irradiation per surface area

Average Daily Solar Radiation Per Month

Figure credits: NREL

ANNUAL

Seawater Desalination
Energy Consumption (kWh/m3)

25
B Electrical equivalent of
Thermal Energy
20 |
m Electrical Energy
15 +
10 L
5 _ .

Multistage Multiple
Flash Effect
Distillation

1 Data source: Water Reuse Association, Seawater desalination cost, January 2012

Mechanical Reverse
Vapor Osmaosis
Compression



Off-grid Solar Desalination

Solar thermal Photovoltaics

http://imgl.exportersindia.com

How to best capitalize the solar energy available ?



%‘ Solar Membrane Distillation

/ Cross flow velocities

\Distillate production & thermal efficiency

s
-

Solar thermal

Q‘ collector

DCMD

(o

Solar thermal drniven DCMD system

Duong et al. IMS 20
FraunhofenSEDesal Water Reuse 20(



%‘ NEWT i Nanophotonics Enhanced MD
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SOLAR ENERGY =R =S oy ‘ Office of ENERGY EFFICIENCY
TECHNOLOGIES OFFICE ENERGY & RENEWABLE ENERGY
U.S. Department Of Energy ADVANCED MANUFACTURING OFFICE

Clean Water and
Solar Desalination

Joe Cresko, Advanced Manufacturing Office
Joe.Cresko@ee.doe.gov

www.manufacturing.energy.gov

energy.goysolar-office

Avi Shultz, Solar Energy Technologies Office
Abraham.Shultz@ee.doe.gov
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Solar Desalination at DOE

SOLAR
DESALINATION

SETO is currently running a funding opportunity announcement focused ortlselaral desalination.
Solar technology uses collectors to concentrate sunlight on receivers which converts photons into heat.

In order to be competitive with Reverse Osmaosis, further reductions in capital cost and energy cost (and
increased energy efficiency) are required.

' SOLAR ENERGY
energy.goysolar-office //// /1105 ':)':;gl'gniﬁso? EFnZIng

To To Do




Solar Desalination FOA Topic Areas

TOPIC AREA 1: TOPIC AREA 2:
Innovations in thermal desalination Low-cost solar thermal heat
technologies

TOPIC AREA 4: Analysis for solar thermal desalination

' SOLAR ENERGY
energy.goysolar-office /// //11 EESC l;':pc;LtomGeLEtSOfo EFnFeIr?_{,E



Cost Targets for Solar Desalination

A Solar Thermal Desalination FOA Focuses on Two Cost Targets:
LCOW zevelizedCost of Water, $/m
LCOH fevelizedCost of Heat, ¥Wh,,

h h Q

A D060 ®

o«
o«
O

A 0600

SOLAR ENERGY
. /,/| TECHNOLOGIES OFFICE
energy.goysolar-office | u.s. Department Of Ener gy




Cost Targets for Solar Thermal Desalination

A Costtargets for large and small capacity thermal desalinafitamts

Capacity Feedwatersalinity LCOW Target ($/R)
(TDS)

Large (>10,000 ffday) > 30,000 ppm 0.50
Small (<2000 #day) > 100,000 ppm 1.50*

* smallscale systems should target Zero Liquid Discharge (ZLD)

' SOLAR ENERGY
energy.goysolar-office ////// /1 EESC ':)':;gl'gniﬁso? EFnZIr?gE



Technology Innovation at DOE for Clean Waters

Separations

[treatment:
AMembranes
AThermal

Fluids Pumping:

AMotor
driven
systems

AMaterials

Heat transfer:

ACorrosion
resistant
materials

AWaste heat
Integration

Infrastructure:
APiping
AStructural

materials

High Salinity
feed water
with variable
contaminant
mix to produce
industrial/ag
grade water w/
FO, RO viable
candidates

Seawater for
municipal
potable water
w/ RO, MSF,
and MED
candidates in
focus

Brackish water
for potable
water w/CDI,
EDR, MF/NF,
RO as
candidates

X | ycRsscutting technologies

www.manufacturing.energy.gov

have pervasive impact

Where docore technologiesX ® ®

Reduce energy &
water in specific
sectors w/
sectors chosen
based on
watershed
impact

Reduce energy
consumption of
the water and
wastewater
sectors,

including
advanced
resource
recovery and
reuse possibilities

System
integration:

ASmart
technologies

AModular
designs

AProcesses

AJoint energy
grid/water
System
management

Sustainability:

ARE
Integration

AConsumptive
water use

AChemicals
(alternatives)

ALife cycle
water use

AFit-for-use,
reuse

AZLD
43
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Solar Desalination FOA Topic Areas

TOPIC AREA 1.
Innovations in thermal desalination technologies

‘+a_, ﬁ

energy.gov/sunshot



Topic Area 1: Innovations in Desalination Technologies
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A Justify how proposed innovations enable a thermal energy consumption and capital
cost that fallon or below the red ling(represents LCOW of $0.50%n

" SOLAR ENERGY
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Solar Desalination FOA Topic Areas

TOPIC AREA 2:
Lowcost solar thermal energy

energy.gov/sunshot



Topic Area 2: Low Cost Thermal Energy

A FCR is Fixed Charge Rate, and is defined as the product of project financing
factor, construction financing factor, and capital recovery factor

A Target[ / h | 0.08kWh,, (~50% reduction in cost from current technology)

A Lowcost thermal energy storage solutions in the range of 4280aC may
be necessary

energy.gov/sunshot '//////H é lo'!pgétbg:gy -




Solar Desalination FOA Topic Areas

TOPIC AREA 3:
Integrated solar desalination systems

energy.gov/sunshot



Topic Area 4: Analysis for Solar Thermal Desalination system

A Developanalytical tools that will simplify the planning,
design, and valuation of solar thermalesalination

A Potential applications of interest may include:

Userfriendly software that identifiesand models high
value opportunitiesvhere solar desalinatiomay have the
most impact

Integration of thermal desalination with advanced power
cycles welluited to concentrating solar power (e.qg.
supercriticalCQ power cycles)

®..2unshot Il

energy.gov/sunshot




Timeline

Oct. 12, 201@ Informational webinar (Intro. & Concept papers)

Dec. 4, 201q Concept papers due (mandatory)

Mar. 16, 2018 Full applications due (mandatory)

Apr. 16, 2018 Submission Deadlines for Merit Review Comments

June 2018 Selection notifications (expected date)

August 2018 Awards made (expected date)

energy.gov/sunshot '////H égpgnétbg:gy -



Topic Area 1: Innovations in Desalination Technologies

A Assumel.COH of $.01/kWh,, for large systems, and
$0.015kWh,, for small systems

A Capital Cost and Energy Efficiency Reductions to attain
[ / h2 K 3labge) # RIY5$MHE (small)
A Twopotential strategies:

dramaticimprovements in established technologies and
components that can lead to the achievement of the FOA
cost targets proposed i8lide 5;

development low TRhovel thermal desalination
techniques that, if further developed, can achieve the FOA
targets.

SOLAR ENERGY
energy.goysolar-office . P/ s Department Of Energy




Topic Area 2: Low Cost Thermal Energy

A LCOH Cost Target for Solar Field, 10 Hours of Storage

I Component

Current (NREL| Large Small
2015) ($0.50/n¥) | ($1.50/rP)
LCOH (MWh ;a0 0.027 0.01 0.015
Total direct cost ($/m) 350 110 180
Site Prep ($/m) | 30 20 10
HTF Receiver ($/8)| 70 30 50
Collector ($/n¥) | 170 45 100
O&M ($/m?) 15 5 5
Storage ($kWhyermar) 20 10 10

energy.gov/sunshot

Shot

U.S. Department of Energy



Topic Area 3: Integrated Solar Thermal Desalination system

A Applicants should justify that:
The target LCOW and thermal desalination Capital Cost/Energy
Consumption described in the previous Topics can be achieved
The integrated system will be a relevant model for segido a
large scale system
The proposed LCOW, capital cost, LCOH targets are appropriate
for a commercially operating system

A Applicants to this Topic Area should propose full system

designs with solar as primary energy source

A Demonstration activities will be subject to 50% cost share

A Integration activities that are not full demonstrations but still
target the energy efficiency of coupling solar thermal
collection to thermal desalination will also be considered
under this topicarea

energy.gov/sunshot



Concentrating Optics for Lowdrevelizedenergy Costs

SOLAR ENERGY

. /;, TECHNOLOGIES OFFICE
energy'go{BOIar_Ofﬁce //1] u.sS. Department Of Energy




