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WATER TREATMENT NEEDS AT COAL FIRED POWER

PLANTS (CFPPs)
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CONVENTIONAL SOURCING OF POWER PLANT WATERS WILL FACE
LIMITATIONS UNDER FUTURE CLIMATE AND POPULATION SCENARIOS

Projected thermoelectric cooling constraint indices in 2025
M Highly constrained
Il Moderatly constrained
[C] No existing generation, or constraints unlikely

But wastewater reuse is limited by incoming waster quality
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CFPPS HAVE BEEN SIGNIFICANT SOURCES OF AQUEOUS
POLLUTION
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EFFLUENT LIMITATIONS GUIDELINES WILL SIGNIFICANTLY
INCREASE THE NEED FOR WASTEWATER TREATMENT AT

CFPPS - 1) CHEMICAL PRECIPITATION

& BIOLOGICAL TREATMENT
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Power Generating Category EPA 821-R-13-003, April 2013



CONVENTIONAL APPROACHES TO WATER MANAGEMENT
NEED TO EVOLVE
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NOVEL APPROACHES THAT USE IMPAIRED WATER SOURCES
AND WASTE HEAT DRIVEN WATER TREATMENT, SUCH AS
FORWARD OSMOSIS (FO) ARE IMPERATIVE
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FORWARD OSMOSIS
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LOW TEMPERATURE HEAT TO MEET WATER TREATMENT DEMAND:
AN ASSESSMENT OF POLICY, PROCESS, AND ECONOMIC CONSTRAINTS

e \What is the quantity, quality, and spatial-temporal
availability of waste heat?

e \What is the water treatment capacity of US power
plants using waste heat driven processes?

e How does treatment potential compare with
treatment demand?

e Whatis the economic feasibility of using other heat
sources within the plant?
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DETERMINING THE QUANTITY, QUALITY, AND
AVAILABILITY OF RESIDUAL (“WASTE”) HEAT
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20% OF THE FUEL ENERGY IS NON-RECOVERABLE
45% (18.9 BILLION GJ) IS POTENTIALLY RECOVERABLE
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18.9 BGJ OF POTENTIALLY RECOVERABLE UNCONVERTED

HEAT; 4% AT USEFUL TEMPERATURES
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18.9 BGJ OF POTENTIALLY RECOVERABLE UNCONVERTED
HEAT; 4% AT USEFUL TEMPERATURES
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TEMPORAL AVAILABILITY MAY LIMIT WASTE HEAT
APPLICATIONS
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ECONOMIC FEASIBILITY OF OFF-SITE APPLICATIONS LIMITED BY
HEAT QUALITY, CAPACITY FACTOR, LOW PRICE OF NATURAL GAS

Legend

» Condenser Heat (29-41.5°C)

" Medium Temperature Heat (91-128°C)
" High Temperature Exhaust (543°C)
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LOW TEMPERATURE HEAT TO MEET WATER TREATMENT DEMAND:
AN ASSESSMENT OF POLICY, PROCESS, AND ECONOMIC CONSTRAINTS

e \What is the quantity, quality, and spatial-temporal
availability of waste heat?

e What is the water treatment capacity of US power
plants using waste heat driven processes?

e How does treatment potential compare with
treatment demand?

e Whatis the economic feasibility of using other heat
sources within the plant?
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|[F WASTE HEAT IS AVAILABLE, FO MAY OFFER
EFFICIENCY GAINS, FLEXIBILITY, COST SAVINGS

Desalination Method GOR Equivalent Work, KWh/m3

Direct distillation 1 595
Multi-stage Flash (MSF) 8-12 21-58
Multi-effect Distillation (MED) 8-14 15-58

Forward Osmosis (FO) 4-16 3-8

Note: GOR= kg H,0/kg Steam
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WATER TREATMENT CAPACITY OF FO SYSTEMS
UTILIZING POWER PLANT WASTE HEAT
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WATER TREATMENT CAPACITY OF FO SYSTEMS
UTILIZING POWER PLANT WASTE HEAT

e (Quantitative comparison of draw solute recovery (DSR)
methods for thermolytic salts

e Comprehensive process model for DSR system

» Sensitivity analysis to ascertain which factors influence cost
and performance of system

 Water treatment capacity of US power plants using waste
heat driven processes
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MATHEMATICAL MODEL OVERVIEW
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DRAW SOLUTE RECOVERY MODEL: ENERGY INTENSITY IS
HIGHLY DEPENDENT ON THE QUALITY OF THE HEAT
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1.9 BILLION M3 OF ANNUAL WATER TREATMENT
CAPACITY AT US POWER GENERATION FACILITIES
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LOW TEMPERATURE HEAT TO MEET WATER TREATMENT DEMAND:
AN ASSESSMENT OF POLICY, PROCESS, AND ECONOMIC CONSTRAINTS

e \What is the quantity, quality, and spatial-temporal
availability of waste heat?

e \What is the water treatment capacity of US power
plants using waste heat driven processes?

e How does treatment potential compare with
treatment demand?

e Whatis the economic feasibility of using other heat
sources within the plant?
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THEORETICAL FORWARD OSMOSIS CAPACITY EXCEEDS
NON-COOLING WATER TREATMENT DEMANDS
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SIGNIFICANT UNCERTAINTY ABOUT THE RESILIENCY AND
PERFORMANCE OF MEMBRANE-BASED SYSTEMS IN

HIGHLY INTERMITTENT OPERATION
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EVALUATING THE TECHNO-ECONOMIC FEASIBILITY OF FORWARD
OSMOSIS PROCESSES UTILIZING Low GRADE HEAT

e (Quantity, quality, and spatial-temporal availability of
waste heat is best suited for on-site applications.

e \Water treatment capacity of US power plants using
waste heat driven processes is sufficient to meet
water treatment demands from FGD wastewater
and boiler make-up water

e Allocating steam from other sources to augment
heat supply is unlikely to be economically feasible.
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