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MATChING’s Objectives

Objective 1 Objective 2
How can we save water in a And how can we do it in an
power pant equipped with a economically affordable way?

traditional cooling system

MATChING's ambition is to provide an adequate answers to these

guestions.
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Generation Sector R&D Drivers

Objective 1 Objective 2
How can we save water in a And how can we do it in an
power plant equipped with a economically affordable way?

traditional cooling system
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Thought Leadership
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> of Energy:
Scenarios, Trends, and Global Points of View
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CONNECTING CUSTOMERS TO RELIABLE, SAFE, AFFORDABLE, AND CLEANER ENERGY

INTRODUCTION

As the electricity indusiry continues to underge changes at a rapid pace and scale, the Electric Power Research Institute
[EPRI) has undertaken a scenario planning effort to develop a strategy for the research and development [R&D] portfalio
moving forward fo ensure that EPRI's R&D is focused on areas that are most imporiant fo the indusiry and society as a whole.
As part of this effort, EPRI developed an envelope of four possible future scenarios, representing plausible boundaries for
what the future might look like. In contemplating each scenario, EPRI identified how such a future would impact the electricity
industry and society and what the key R&D needs would be. Throughout this process, EPRI identified "Global Points of View"
that are consistent across many, if not all, of the scenarios, helping to shape a vision of a research strategy moving forward
and identifying any gaps that may need to be addressed. These paint a vision of the future, and EPRI's infegrated Energy
Network! is the pathway to get there reliably, affordably, safely, and in an environmentally responsible manner.

EPRI's scenario planning effort does not attempt o pick a "winner” or "most likely” scenario but rather to evaluate the impli-
cations of the range of possible futures, recognizing that the future will likely be a combination of these scenarios

" To learm mare absut EPRI's Integrated Ensrgy Metwark, sse The Infsgroisd Ensrgy MNefwork: Connecting Customers fo Reliabls, Safe, Affardable, and
Claaner Ensrgy. EPRI 3002009917 February 2017
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Global Points of View

Common Characteristics for Future Scenarios

Water

* Increasingly water-constrained future
over the long term

» \Water-energy interfaces continue to
expand
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Customer Expectations
Primary drivers: choice, control, comfort, & convenience
loT will digitally connect every customer to every thing

Increased dependence on electricity requires higher reliability and
power quality

Increased resiliency to physical/cyber/weather events

Efficiency and Renewables
Energy efficiency gains will be made across the energy value chain

The cost of wind and solar energy will decrease; global deployment
to increase

Energy and Emissions

Reducing emissions will remain a long-term global issue

Global energy demand will remain flat in OECD; grow in
non-OECD
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Generation Research Portfolio

193: Renewable
Generation

PS193A: Renewables
Technology Status, Cost and
Performance

PS193B: Wind

PS193C: Solar

PS193D: Hydropower

71: Combustion and

Fuel Quality Impacts
PS71A: Combustion and Fuel
Impacts

PS71B: Emissions Control via
Combustion Modifications

75: Integrated
Environmental

Controls

PS75A: Particulate and
Opacity Control

PS75B: Air Toxics and Acid
Gases Control

PS75C: SCR Performance
Optimization

77: Continuous
Emissions Monitoring

194: Heat Rate
Improvement

68: Instrumentation,

Controls and
Automation

69: Maintenance
Management and
Technology

104: Balance of Plant
Systems and
Equipment

108: Operations
Management and
Technology

Availability
Improvement

65: Steam Turbines -
Generators and
Auxiliary Systems

79: Combined Cycle
Turbomachinery

88: Combined Cycle
HRSG and Balance of
Plant
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66: Fossil Ieet for

A
64: Boiler and Turbine

Tomorrow Steam and Cycle
PS66A: Advanced Technology = Chemi stry
Evaluations

PS66B: Advanced Technology

Development 87: Materials and Repair

165: CO, Capture,
Utilization and
Storage

185: Water Management
echnology

ELECTRIC POWER
RESEARCH INSTITUTE

=i



Water Research Alignment Across the Portfolio

63: Boiler Life and
Availability
Improvement

71: Combustion and

Fuel Quality Impacts
PS71A: Combustion and Fuel
Impacts

PS71B: Emissions Control via
Combustion Modifications

193: Renewable
Generation

66: Fossil Fleet for
Tomorrow

PS66A: Advanced Technology
Evaluations

PS66B: Advanced Technology
Development

68: Instrumentation,
Controls and
Automation

64: Boiler and Turbine
Steam and Cycle
Chemistry

PS193A: Renewables
Technology Status, Cost and
Performance

PS193B: Wind

PS193C: Solar

PS193D: Hydropower

65: Steam Turbines -
Generators and
Auxiliary Systems 165: CO, Capture,
Utilization and
79: Combined Cycle Storag
Turbomachinery

69: Maintenance
Management and
Technology

5: Integrated
Environmental
ontrols

104: Balance of Plant
Systems and
Equipment

Opacity Control
PS75B: Air Toxics and Acid
Gases Control

PS75C: SCR Performance :
Optimization 108: Operations
Management and

Technology

88: Combined Cycle
HRSG and Balance of
Plant

77: Continuous
Emissions Monitoring

194: Heat Rate
Improvement
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Key Water Research Drivers

Fresh Water Demand Water Treatment and
and Avallability Quality Management

_': ELECTRIC POWER
© 2018 Electric Power Research Institute, Inc. All rights reserved. C 'al RESEARCH INSTITUTE



EPRI Research Activities

Technolo gy - Improving commercially available technologies
» Developing new technologies

|n N Ovati ON - Integrating technologies/systems for flexible operations
|

I I
m‘ » Developing guidelines for water management systems
& PR TeC h no I Ogy * Identifying opportunities to reduce operating costs
» Analyzing technology development for multiple
Tran Sfer applications

NV I\/I()de”ng & « Evaluating techno-economic factors
* Documenting operating cost factors from site testing

An alys 1S « Modeling water and energy resources and trends
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Areas of Water R&D

Cooling System Water and Wastewater
Research Management Research

Crystalizer Brine Waeak-acid cation RMultimedia
{WAC) units {il

Sludge thickenor ash

Reduce reliance on fresh water availability Understanding of environmental impacts and long-term

Alternatives to traditional water and air-cooled systems wastewater and byproduct management

Evaluate early-stage technologies Improve and integrate commercially available technologies

Accelerate technology commercialization Evaluate and integrate new technologies

ELECTRIC POWER
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Existing U.S. Power Plant Cooling Technologies

m Evaporative cooling tower

Sensible cooling (once-through)
Once-through = Dry cooling (direct ACC)

m Hybrid cooling (ACC + wet cooling tower) <0.2%

m Other <0.5%

Based on MW generation
(includes nuclear)

Source: U.S. Energy Information Administration, 2016
Arrows indicate EPRI anticipated changes in US Cooling Technologies
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Cooling System Research Objectives

|dentify and evaluate advanced
cooling technologies and provide
resources for optimizing cooling
systems through improved
efficiency and reduced water use

Research Needs
Heat Transfer — Materials — Energy Storage
— Modeling — Controls — Measurement

Improved Efficiency
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Water Research & Conservation Center

Objectives and Scope § R |

= Develop a world-class R&D test center to address -
mid- to long-term needs in power plant cooling ¢ sisem & Rovee
applications "

» Cooling R&D focused on advanced and alternative

cooling systems, cooling water chemistry control,
and heat transfer improvements

Climate

Simulation *" Heat Transfer

Improvements

Value

= Accelerate technology development to meet
anticipated future needs
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Cooling Water Cooling Water
= Address research gaps to facilitate development of St ninn (Sl
technologies that provide cost-effective solutions
— Reduced water withdrawal and consumption for SPN: 3002009809
thermoelectric cooling White Paper: 3002011273

— Improved heat transfer and plant efficiency

Comprehensive test center to expand cooling system and heat transfer research
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Test Center Initial Research Portfolio

Water Management Heat Transfer

r.ry ?{f_‘i.?- ?'s
AR E & \

Mitigate Corrosion & Fouling Alternative Chemicals Heat Transfer Materials Cooling Performance & Designs

Advanced Cooling

Wet-Cocling Tower e I e

Cooling System Flexibility Advanced Cooling Systems

ELECTRIC POWER
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Water and Wastewater Management Research

Advanced Membrane Novel Evaporation Encapsulation for Waste
Technologies Streams & Byproducts

Forward osmosis pilot Evaporator pilot FGD wastewater brine from evaporator & solidified
at the Water Research Center at the Water Research Center brine material using fly ash
Recover a I.ar.ger po.rtlor.1 of wgte_zr for re_qse Improved unders_tandlng of therr-r!a_ll Methods to stabilize
Improve efficiency in high salinity conditions  treatment operations and capabilities

soluble metals and halogens

Use of degraded water sources Techno-eco_nomlc performance of Solidification processes to mitigate
Using low-grade plant waste heat emerging technologies o leachate impacts
Reduce desalination costs Water quality and recovery capabilities
3002004732 3002008865 3002007230
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Closing Thoughts

=\Water is truly a global challenge Thought Leadership
|

= Alighment across EPRI &
MATChHhING objectives and
technology pathways

@ Technology Innovation

: Technology Transfer
= Continued R&D and ‘*’ 9
collaboration critical to the ,
success of water research [ ’ Modeling & Analysis
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