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In a shifting generation paradigm, water-
dependent technologies stay in the mix

Adding CCS can increase

water consumption

+ a Global Trend Through 2050: 

30% ↑ total water withdrawals 

85% ↑ energy water usage
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Hydrogen Economy Requires Water

ELECTRICITY

GENERATION

ELECTROLYSIS
Alkaline|PEM|SO

THERMOCHEMICAL 

CONVERSION
SMR|POX|ATR|Pyrolysis

NATURAL GAS

COAL|HYDROCARBONS

|BIOMASS

THERMOCHEMICAL 

CONVERSION
Pyrolysis|Gasification

H2

CHEMICAL 
CH3OH|NH3|CH4 

Metal Hydrides

CO2 from carbon capture

O2 from ASU

N2 from ASU

ADSORPTION

PRESSURE VESSELS 

UNDERGROUND
Salt Caverns|Depleted 

Oil/Gas Reservoirs

LIQUID

H2 Generation H2 Storage H2 End Use

INDUSTRIAL APPLICATIONS
NH3|Metals Refining|Other

TRANSPORTATION
Synthetic Fuels

Hydrogen Vehicles

POWER GENERATION
NH3/H2 Turbines

NH3/H2 Reciprocating Engines

Fuel Cells (Alkaline, PEM, SO)

H2/NATURAL GAS 

INFRASTRUCTURE

H2

Storage

Source: Icons © Adobe Stock and Fonts All Free



5

Hydrogen – FE Strategy, Workshop, and RFI

Hydrogen RFI
Responses Due August 24

1. Natural Gas Hydrogen 
Production, Transport, and 
Storage;

2. Hydrogen Production from 
Gasification of Wastes

3. Hydrogen Turbines

4. Hydrogen Storage

5. Hybrid Energy Systems with R-
SOFCs

Click here for RFI

Click here to download

USEA-hosted Workshop
July 23

Click here to download presentations

https://www.fedconnect.net/FedConnect/default.aspx?ReturnUrl=%2ffedconnect%2f%3fdoc%3dDE-FOA-0002369%26agency%3dDOE&doc=DE-FOA-0002369&agency=DOE
https://www.energy.gov/sites/prod/files/2020/07/f76/USDOE_FE_Hydrogen_Strategy_July2020.pdf
https://usea.org/event/usdoe-office-fossil-energy-rd-enabling-sustainable-hydrogen-economy
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Droughts Have Caused Energy Shortages

Laramie River: River 

drew water from a local 

aquifer to meet its 

cooling water demand 

(2008)

Martin Lake: Martin Creek was 10 

feet below its spillway. It 

imported water to offset the 

plunging level (2011)

Hammond: In serious drought, 

the river flows upstream at 

the plant’s intake pipes (2011)
Source: Union of Concerned Scientists (2013)
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Available Water versus Thermoelectric Power Plants

Energy-Water Issues are Highly Regional

Potential 
Areas of 

water quality 
& availability 

concerns

Water 

scarcity, 

growing 

population

Water scarcity

Growing 

population, 

increased 

thermoelectric 

water demand

Growing 

population, 

increased 

thermoelectric 

water demand

Increased 

thermoelectric 

water demand

Growing 

population, 

increased 

thermoelectric 

water demand

Trends

• Population Growth

• Power Generation

• Fuel

• Prime Mover

• Cooling

• Environment

Data Courtesy Sandia
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Water Quality Needs for Coal Power
Heavy metals naturally occur in coal and must be 
captured prior to discharge

As, Se, Hg, Pb are 

vaporized during 

combustion

For 70% of US coal 

capacity, pollutants 

are collected by wet 

FGD

New Se regulations 

require $20-50M 

capital upgrades to 

average FGD WW 

treatment systems
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Portfolio aligned with existing markets and subset of 
challenges

Market Challenges

Cybersecurity

Existing Fleet Next Generation Plants

AUSC Coal SCO2 GasificationCoal Gas Next Gen Gas Gas SCO2

Flexible operation 

and performance 

optimization

Cybersecurity
Water use 

optimization
Emissions control

Asset management
Workforce 

enhancement

Condition based 

management

Technical Challenge Areas

Market Segments
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Water Management R&D is organized to 
continually address these challenges
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Annual budget has experienced steady 
growth creating a diverse portfolio
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Recent FOAs have focused on gaps, 
regulatory forcing functions

DE-FOA-0002001

Cooling Technologies
5 projects, $7.5M

Plant efficiency, 

Reduce water demands

DE-FOA-0002146 (SBIR)

Real-Time Effluent Sensors
3 projects, $0.75M

Sensors for 

ELG metals

Water Security Grand Challenge RFI on potential prize 

competition in thermoelectric cooling innovation now active

https://www.netl.doe.gov/challenges/water-security-challenge
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FE technologies have led to measurable 
improvements in the fleet
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DryFining: 5.8% efficiency improvement
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60% efficiency
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Combined Technologies Could Reduce Thermoelectric Water

Withdrawal by 603 BGY

Consumption by  154 BGY 

Impact of the portfolio
Modeled Water Savings in year 2043

Based on a 50% market penetration and implementing 5 technologies

(1,653 MGD)

(423 MGD)
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CURRENT PORTFOLIO
HIGHLIGHTS
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Technology demo’d in power plant

Condensers
Improving overall plant efficiency, O&M by 
enhancing surface properties

Solutions

Avoid film-wise 

condensation

Maintain quality of heat 

transfer surface

Chemical coatings

Physical structures

Anti-scalant/foulant surface 

treatments

Technologies Developers

✓ Mass. Institute of Technology

❑ Advanced Cooling Technologies

✓ Active Crosscutting funding

✓ Nelumbo, Inc.

✓ Lawrence Berkley Natl Lab

✓ Virginia Tech

❑ Oceanit Laboratories

✓ Interphase Materials

❑ Advanced Cooling Technologies

❑ Oceanit Laboratories

❑ Research Triangle Institute
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Wastewater Treatment
Addressing heavy metals in effluents

ES Engineering U. Kentucky

Encapsulation

EPRI

Non-biologicalBiological Approaches
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Water Recovery From Internal Sources
Forward and reverse osmosis approaches with 
reduced energy demands from novel materials

Degraded 
waters

High-quality water 
for recycle reduces 
withdrawal needs

Concentrated 
waste for cheaper 
treatment, disposal

Cooling,

boiler,

or FGD

blowdown
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Wet & Dry Cooling
Novel cooling tower and plume abatement 
concepts in developmental stages

Pressure dehumidification for

sub-dew-point cooling

Water recovery from cooling 

tower plumes

BENEFITS

• Increased plant power output
• Reduced evaporative loss and makeup requirement

• Reduced blowdown

• Lower condenser feed temperatures

Hygroscopic cooling with 

wastewater recycling

Cold-energy storage to 

enhance dry cooling
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NETL RIC Water Capabilities
NETL is working toward commercializing its water 
capabilities

Se from FGD Effluents
Low-cost compliance 

with Effluent Limitation 

Guidelines

Pb from Municipal Water
Avoid costly infrastructure 

replacement with point of use 

water treatment

Rare Earths from Coal Waste
Value-add waste remediation 

of coal mining waste

Mechanical Vapor 
Recompression Testing

• MVR = Commercially available route 

for ZLD & brine concentration

• Demonstrated at UND BEST facility

Basic Immobilized Amine Sorbents

Tailored, high-selectivity trace metal capture:
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3 Water Panel Discussions

September 3

Energy-Water 

Analysis

1. NETL

2. Sandia

3. CMU

4. Stanford
5. Lehigh

September 17

Wastewater 

Treatment

1. UND EERC

2. NETL

3. Illinois

4. GTI

5. SRI
6. ES Engineering Services

October 1

Condensers

1. Advanced Cooling 

Technologies

2. VA Tech

3. MIT

4. Nelumbo
5. Interphase
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1. Update you on FE’s Water 

Management program

2. Share useful information on 

Energy-Water

3. Highlight projects

4. Hear and learn from you

Today’s Objectives

Image Source: Adobe Stock
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Key Takeaways

• Water critical, especially w/ 

H2 & CCS

• Coal, gas, H2 applications

• Improving water quality

• Reducing water intensity

• Decreasing fouling, O&M

• Improving heat rate

• Enabling decarbonization

Calls to Action
1) Check out website

2) Let us know if you’re interested

3) Wastewater treatment and 
condensers need matured 

4) Se sensor technologies ready 
for field testing – hosts?

5) Sign up on FedConnect to 
receive FOA information

https://netl.doe.gov/coal/water-management
https://www.fedconnect.net/FedConnect/Default.htm
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