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Water ScarcityEnergy Storage &

Global Capacity in Renewable Power, GW

Problem:

[4][5]



Overall Goal:
Develop a 

dual desalination and 
energy storage system 

that considers
Economic
Social
and Environmental
effects
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PRO BRO Targets
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Stakeholders Customer Needs Engineering 
Requirements

Water Scare Populations

Coastal Communities

Local Power and Water 
Utilities

Local Governments

Clean Water Production

Affordability

Low Environmental 
Impact

Integrate with existing 
water/power grid

Target LCOW: $1.5/m3 
[5]

Target LCOE: $0.80/kWh[6]

Cycle down time: 7 min

Brine Disposal: ≤ 40 
ppt [13]



Design Overview
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Use osmotic technology to produce water and store energy

Benefits of
• Can produce both fresh water and clean energy

• Uses brine byproduct from RO during PR

• Dilutes harmful brine byproduct of desalination



Innovation #1: PRO BRO
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Innovation #2: WEC Improvement
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Design Overview

WEC

PRO BRO
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Build and Test
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Physical Design Set-Up
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RO PRO



WEC and PRO BRO Prototypes
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Membrane

High 
Pressure 

Pump

Circulation 
Pump

Turbine + Generator

Accumulator
BRO 

Piston

WEC 
Piston

WEC 
Pump

BRO 
Pump

WEC PRO BRO



Performance
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Valve Synchrony Results

Leak ResultsPhase 1: Individual Components

Phase 2: Component Integration

DOA Calibration

Valve Synchrony Leak



WEC and PRO BRO Assembly – Electronics
Inputs Outputs Supplies

230V 3-Phase: High 
Pressure Pump

24V: High Pressure Pump, 
3-Way Valves, Throttle 

Valve, Sensors

12V: Circulation Pump

5V: Relay Switches
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WEC Assembly – Electronics Wiring
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PRO BRO Assembly – Electronics Wiring
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PRO BRO Assembly – Electronics Controls
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Modeling and Validation
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BRO Validation
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[1] Norihiro Togo, et al. 2019
[2] Toyobo Water Treatment Membranes

Cshell concentration of shell side

Cbore concentration of bore side

Qshell flowrate of shell side 

(LMH)(LMH(LM(L()(LMH(LM

Qbore flowrate of bore side m3

d

Js Salt Flux 

Am Membrane area (m2)

Key Assumptions

Water
Properties

Incompressible, isothermal, constant density

Pump 
Operation

Pumps are fixed-displacement machines, constant 
torque efficiencies

Mechanical 
Losses

Pipe-induced losses are negligible, one-direction 
uniform flow

Membrane 
Performance

Salinity change in the radial direction can be 
neglected



WEC Experimental Results
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Demonstrates double acting “wave” 
input to the system causing increasing 
pressure

Demonstrates double acting “wave” 
input to the system causing increasing 
pressure

Area represents energy savings 
over continuous RO



Modeling Results- BRO
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Desired Operating
Parameters:

Inputs
50-55% recovery ratio
30 LMH permeate flux
35 ppt feed input

Outputs
LCOW: $1.414/m3
SEC: 3.2201 kWh/m3
Output Brine: 57.8 ppt



Modeling Results - PRO
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Modeling Results – Combined Process
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Business & Market Plan
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Full-Scale Cost & Market Opportunities
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Cost Estimation Market Opportunities

• Widely available wave 
energy and source of 
brackish water

• Generate $4.36M/year
for >25% recovery ratio

• Store energy at a low 
cost

• Save $16.9/MWh
for reduced 
CO2 emission

Parameter​ Cost​

WEC CapEx​ $3,800,000​

PRO-BRO CapEx​ $200,263,000​

WEC OpEx​ $6,810,700​

PRO-BRO OpEx​ $30,279,100​

LCOW​ $1.41/m3

LCOE​ $0.22/kWh​

Projected to reach $25B in 
2032



PRO-BRO vs. Competitors
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Environm
entally 
friendly

Easy 
implemen
tation

Low 
mainte
nance 
cost

Independen
t of climate/ 
geography

PRO-BRO    
Deep well 
injection

   

Brine 
evaporation

   

LCOW 
($/m3)

LCOE ($/kWh) Availability

PRO-BRO 1.41 0.22 On demand

Solar PV 0.35 0.057 Intermittent

Wind 1.80 0.039 - 0.084 Intermittent

Hydropower - 0.039 On Demand

B
rin

e 
m

an
ag

em
en

t
Re

ne
w

ab
le

 
en

er
g

ie
sRecovery ratio: 

Resolute Marine – 35% 

PRO-BRO - 50%



Triple Bottom Line Risk & Mitigation Strategies
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Balance stakeholders needs

Install mesh netting

Profit

People

Planet

Compete for financial 
allocations

Saltwater causes corrosion

Rotor blade kills fishes

High bank loan interest

Few resources in small 
communities

Use long-lasting material

Follow 3-stage market strategy

Use long-lasting material

Integrate customers' 
requirements in design

Modify PRO-BRO configuration



Community Outreach
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Community 
Outreach

• Purdue Engineering Student 
Council (PESC) Mastering Ideas 
Necessary for Developing 
Students (MINDS) Event

• 54 elementary and middle school 
students

• One of four engineering related 
activities put on by Purdue 
clubs/teams

• Sand filter competition
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Community 
Outreach

• Teams of two students
• Brief overview of what is a sand 

filter and why it's important
• Sand, gravel, coffee filter 

materials
• Try to make the most effective 

filter! (based on water clarity)
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Community 
Outreach

• Group testing and evaluation to 
determine the winner

• Each team describes how they built their 
filter

• Post testing asking questions on why 
they think their filter was 
effective/ineffective

• Hope to participate in more education 
events the next academic year
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Community 
Outreach

• Built a team website which focuses 
on the scopes of our developing 
projects

• Introductions to the team

• Descriptions of past and present 
projects

• Highlight of community outreach
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https://purduemecc.wixsite.com/purdue-mecc

https://purduemecc.wixsite.com/purdue-mecc


Community 
Outreach

• Attended the Malott Innovation 
Showcase and Design Expo 
postering sessions

• Presented design and modeling 
results to judges

• Described further work needed 
and future goals in innovation

• Gave practice in how we want to 
present our work and how to 
communicate results

32



Conclusion
• Identified the possibility of 

economic and efficiency-
based improvements on 
existing desalination plants

• Created a wave-powered dual 
desalination and energy 
production system utilizing 
these improvements

• Spread awareness of water 
scarcity and inspired interest 
in STEM in the local K-8 
community
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Questions?
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PRO-BRO vs. Competitors

27

Target market
Wave-powered RO companies 
& WEC developer

Expansion market
Remote islands residents, 
governments, hotels and non-
profits

Total addressable market
All coastal communities and 
those who are in need of the 
system



Competition
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Renewable energy Desalination Process

[9],[10]



Modeling Diagram - PRO

44

Membrane Parameter

Equipment Parameter

Inlet Flow Parameter



Modeling Results- BRO

22



Physical Design Set-Up (cont.)

11



Endurance

12

High-Pressure Pump Membrane



Safety
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Supports

PRO-BRO CO-WAVE



Safety (cont.)
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Stops on command



Performance

12



Phase 1 (DOA) Testing Results

7

Component DOA? (Circle One) Date Notes

Throttle Valve YES NO 4/14/22 Replace wiring

Check Valve YES NO 3/31/22 Good

Pump as a Turbine YES NO 3/31/22 More resistance than expected

Pressure Relief Valve 1 YES NO 3/31/22 Good

Pressure Relief Valve 2 YES NO 3/31/22 Good

Pressure Gauge YES NO N/A Removed from system

Flow Gauge YES NO N/A Removed from system



Phase 1 (DOA) Testing Results (cont.)
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Component DOA? (Circle One) Date Notes
Flow Sensor 1 YES NO 4/6/22 Good
Flow Sensor 2 YES NO 4/6/22 Good
Flow Sensor 3 YES NO 4/6/22 Replaced; Good
Pressure Sensor 1 YES NO 4/6/22 Good
Pressure Sensor 2 YES NO 4/6/22 Good
Pressure Sensor 3 YES NO 4/6/22 Good
Electrical Conductivity Sensor YES NO N/A Test in Phase 3

Booster Pump YES NO N/A Removed from design
Circulation Pump YES NO 4/13/22 Good
High Pressure Pump YES NO 4/18/22 Remember flow direction

Generator YES NO 4/19/22 Spins
Three Way Valve 1 YES NO 4/5/22 Good
Three Way Valve 2 YES NO 4/5/22 Good
Three Way Valve 3 YES NO 4/5/22 Good
Three Way Valve 4 YES NO 4/5/22 Good
Three Way Valve 5 YES NO 4/5/22 Good



Phase 1 (Calibration) Testing Results
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Component Gauge Value Sensor Value Date Notes

Flow Sensor 1 No gauge data 0.7 4/21 Expected value

Flow Sensor 2 No gauge data 0.7 4/21 Expected value

Flow Sensor 3 No gauge data N/A N/A Not Calibrated

Pressure Sensor 1 No gauge data 1.7 4/21 Expected value

Pressure Sensor 2 No gauge data 2 4/21 Expected value

Pressure Sensor 3 No gauge data N/A N/A Not Calibrated



Phase 2 (Valve Synchrony) Testing Results
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Component RO Position? (Circle One) Date Notes

Three Way Valve 1 YES NO

4/14/22 Use BRO Mode in VIThree Way Valve 2 YES NO

Three Way Valve 3 YES NO

Three Way Valve 4 YES NO

Three Way Valve 5 YES NO



Phase 2 (Valve Synchrony) Testing Results (cont.)

7

Component PRO Position? (Circle One) Date Notes

Three Way Valve 1 YES NO

4/14/22 Use PRO Mode in VIThree Way Valve 2 YES NO

Three Way Valve 3 YES NO

Three Way Valve 4 YES NO

Three Way Valve 5 YES NO



Phase 2 (Leak) Testing Results

7

Leak Location Mode? (Circle One) Resolved? (Circle One) Date Notes

3-Way Valves 
(Recuring) PRO BRO YES NO 4/18-4/21 Addressed when found, 

small drops

Membrane 
(Recuring) PRO BRO YES NO 4/18-4/21 Parts shifted as needed, 

small drops

Pressure Relief Valve PRO BRO YES NO 4/26

Valve not rated high 
enough or significant 
back pressure from 

pump in reverse

Tanks (Recuring) PRO BRO YES NO 4/18-4/21 Tightened as needed, 
small drips



CAD Overview – Reverse Osmosis (RO) Mode
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Membrane

Valve

Valve

Valve

Valve

Permeate 
Bucket

Pressure 
Relief 

Bucket

HS Bucket (PRO)

HS Bucket 
(RO)

Seawater 
Tank (PRO)Seawater

Tank (RO)
Circulation 

Pump

HP Pump

Turbine & 
Generator

MS Bucket 
(PRO)



CAD Overview – Pressure Reverse Osmosis (PRO) Mode
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Membrane

Valve

Valve

Valve

Valve

Permeate 
Bucket

Pressure 
Relief 

Bucket

HS Bucket (PRO)

HS Bucket 
(RO)

Seawater 
Tank (PRO)

Seawater
Tank (RO)

Circulation 
Pump

HP Pump

Turbine & 
Generator

MS Bucket 
(PRO)



Manufacturing Overview - High Level
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Label all components

Apply tape to thread connections

Assemble static pipe sections

Connect major components (membrane, pumps, etc.)

Apply swivel fittings to between major components and hoses

Use 80-20 frames to support fittings



Manufacturing Overview - High Level (cont.)
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Raw Stock

Blade

Membrane

Valves
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Manufacturing Overview - Detailed



Manufacturing Overview - Detailed (cont.)
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Membrane Drawing [8]

Pump Drawing [7]



Expected Results
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Energy physical relationship comparing RO-PRO hybrid with regular RO



Expected Results (cont.)
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Energy physical relationship comparing traditional RO flushing with RO-PRO hybrid as 
salinity increases



Expected Results (cont.)
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Downtime physical relationship between time spent in PRO (flushing for the hybrid 
prototype) and salinity



Safety and Technical Inspection Sheet
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P&ID
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Project Management/Timeline

70



Schematic – RO Mode
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Schematic – PRO Mode

72



BOM and Sourcing Plan
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Overall Model Schematic
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BRO/PRO



BRO+PRO Model Schematic
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Market Analysis: Desalination Growth
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[3]



Prototype Budget
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No labor or 
overhead costs

Finalized values 
for critical 

components like 
pumps, valves, 

and membranes

Prototype budget 
in BOM:

$12,643.71



Membrane Info- General
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[18]



Membrane Info- FB5255S
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[18]



Circulation and Booster Pump Info- Seaflo 51
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[17]



HK19F Relay Switch (3-Way Valve)

GND

GND

24V

1

2

3

5V

1. 3-Way Valve Side 1
2. 3-Way Valve Side 2
3. myRIO Analog Output (5V) 

1.5 kΩ
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HK19F Relay Switch (Circulation Pump)

GND

GND

24V

1

2

5V

1. Circulation Pump
2. myRIO Analog Output (5V) 

GND
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Transistor

1

5V

2

1. myRIO Analog Output (5V)
2. HK19F Relay
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Circulation Pump

1 2

1. HK19F Relay (24V)
2. HK19F Relay (Ground)
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3-Way Valve

1

2

1. HK19F Relay (24V/0V)
2. HK19F Relay (0V/24V)

87



88

Risk Register
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Risk Register
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Testing Validation Reports
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Phase 1
Phase 2 (Work In Progress)
Phase 3 (Work In Progress)

https://purdue0-my.sharepoint.com/:w:/r/personal/ramos78_purdue_edu/_layouts/15/Doc.aspx?sourcedoc=%7B4BDCE98F-D202-4C9E-BE23-8FA59420FE43%7D&file=Phase%201%20Validation%20Report.docx&action=default&mobileredirect=true
https://purdue0-my.sharepoint.com/:w:/r/personal/ramos78_purdue_edu/_layouts/15/Doc.aspx?sourcedoc=%7B82D61F24-491E-4AAD-A529-1278A321B77C%7D&file=Phase%202%20Validation%20Report.docx&action=default&mobileredirect=true
https://purdue0-my.sharepoint.com/:w:/r/personal/ramos78_purdue_edu/_layouts/15/Doc.aspx?sourcedoc=%7B464206BA-86FE-4C87-AC7E-8DABA4E3800D%7D&file=Phase%203%20Validation%20Report.docx&action=default&mobileredirect=true


Problem Definition

Water scarcity is becoming 
an increasingly important issue 

throughout the world. A solution is 
needed that provides an 

economically, socially, 
and environmentally viable option 

to secure fresh water and clean 
energy for coastal communities.
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Modeling Results – PRO (Ideal)

62
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• Effective in highly turbid 
water

• Able to withstand varying 
pH and temperature

Hollow Fiber

Membrane Type

• Limit mixing at 
the membrane surface

• Readily Available

Spiral Wound

Membrane 
Module Selection

• Handle larger solids and 
flows other membranes can't

• Less fouling than spiral 
wound

Tubular
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Prototype Methodology and Validation
Physical Prototype

Requirement

Operate in simulated "BRO" mode (RO) Operate in simulated 
"BRO" mode (RO) flow 
directions

showing decreased salinity 
level in permeate side (as 
compared to input salinity)

Operate in PRO mode Operate in PRO mode flow 
directions

showing an increased salinity 
level in feed side, 
decreased level in draw side

Switch successfully from RO to PRO mode Switch successfully from RO 
to PRO mode flow directions

Correct valve orientation 
directs flow streams 
according to diagram*

Switch successfully from PRO to RO mode Switch successfully from PRO 
to RO mode flow directions

Correct valve orientation 
directs flow streams 
according to diagram*
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Prototype Performance Overview
Parameter Desired Performance Actual Performance

Feed Flow Rate (RO) 0.50 GPM 0.46 - 0.54 GPM

Operating Pressure (RO) 69 Bar To be determined

Recovery Ratio (RO) ≈50% ≈50%

Brine Salinity (RO) ≈70 ppt To be determined

Permeate Salinity (RO) ≤0.5 ppt To be determined

Hydraulic Pressure Difference (PRO) 14.66 Bar To be determined

Power Generation (PRO) ≈0.1 kW To be determined



Performance Investigations:
- functional requirements and metrics for PRO mode operation are 
unknown due to time constraints on construction

Next Steps:
- obtain operational PRO mode
- optimize flowrate and membrane orientation
- investigate contribution of downtime to performance parameters
- investigate criteria for mode selection in response to grid demands
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Improvements and Next Steps



Full-Scale Cost Estimation

100

Values:

1) Capital cost: $818.7/kW

2) Period of study: 20 years

3) Electricity price: $0.19/kWh

4) O&M: $0.530/m3

5) Capacity factor: 49%

6) Discount rate: 7.0%

7) Fuel cost: $0/MMBtu

8) Heat rate: $0 Btu/kWh

Levelized cost of electricity (LCOE):

$0.22/kWh



Full-Scale Cost Estimation

101

Values:

1) FCR: Fixed charge rate

2) CapEx: Capital expenditure (include WEC)

3) OpEx: Operational expenditure (include WEC)

4) AWP: Annual water production

Levelized cost of water (LCOW):

$1.414/m3



Estimation of Full-Scale Cost 

71

Capital Expenditure 
(CapEx)

Operation Expenditure 
(OpEx)

Assumptions

• 1 plant =100 systems in 
parallel

• Take into account 
complex system layout 
due to integration with 
PRO
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