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Link between Population, Energy, & Water

WATER ENERGY-NEXUS



“Useful Definitions”

Water Withdrawal - is the total amount of water
taken from a lake, river, or aquifer for any purpose.

Water Consumption — fraction of withdrawn water
that is lost in transmission, evaporation, absorption,
chemical transformation, or otherwise made
unavailable for other purposes as a result of human
use.

Water Quality - It is a measure of the condition of
water relative to the requirements of one or more
biotic species and or to any human need or purpose.

Water-Energy Nexus — the connection between the
need for water to produce energy and the need for
energy to produce clean water.







“Where Does Water Come From?”

Total water resources Freshwate r resources Human freshw ater use

sources: Shiklomanov (1993); UN FAD Aquastat database.



Source: Goldstein, R. “The Energy-Water Nexus: Water Resource Sustainability and the Role of the
Electric Power Sector” EPRI Washington Seminar Series. May 20t, 2014.



“Energy & Population”

World Population Growth
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“Thoughts”

Energy Electricity
Water Quality
Rural
Water Availability

Gross Domestic Product
Population



“Water Triad”

Withdrawal Consumption

Water-Energy Nexus




Water & Energy Nexus

WITHDRAWALS



“US Water Withdrawals by the Numbers”
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“US Water Withdrawals by Sector”

Source: Water Use for Electricity Generation and Other Sectors: Recent Changes (1985-2005) and
Future Projections (2005-2030) EPRI Report: 1023676 published November 2011.



“US Energy — Population Trends”

a Trends in thermoelectric-power withdrawals and population, 1950-2005
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Water & Energy Nexus

CONSUMPTION



“US Water Consumption by Sector”

Industrial Consumption
- Thermoelectric 20%

Source: Water Use for Electricity Generation and Other Sectors: Recent Changes (1985-2005) and
Future Projections (2005-2030) EPRI Report: 1023676 published November 2011.



“2005 US Water Consumption by Sector”
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Source: Department of Energy & Lawrence Livermore National Labs, 2011.
Data from USGS Circular 1344, 2009.



Water & Energy Nexus

THERMOELECTRIC CONSUMPTION



Water Balance for
520MW Bituminous Coal Fired Power Plant

3,804,950 Ib/hr
Steam

Evaporation & Drift
3891 gpmi

]

Cool Water —
Steam
Condenser

Make-up Water Blowdown Water
5188 gpm 1257 gpm

Source: NETL Power Plant Water Usage and Loss Study, May 2007



Sankey Diagram : Water Balance on a 500 MW subcritical,
pulverized coal power plant with Cooling Tower and wet FGD

Source: Carney et al. “Exploring the Possibilities” The NETL Power Plant Water
Program” The Department of Energy — National Energy Technology Laboratory

Cornerstone Mag. Volume 2 Issue 1. April 2014



Life Cycle Water Use in
Thermoelectric Power Plants
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Fuel cycle pertains to coal, natural gas, and nuclear only.

t:'S:::Iar, wind, or geothermal energy; No water is required in the
creation of renewable energy resources.

Meldum, et al. “Lifecycle water use for electricity generation: a review
and harmonization of literature estimates” Envirn. Res. Letters 8 (2013)
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Meldum, et al. “Lifecycle water use for electricity generation: a review and harmonization of literature estimates”
Envirn. Res. Letters 8 (2013)



Water & Energy Nexus

WATER QUALITY



Environmental Protection Agency

Protecting Water: A Precious, Limited Resource:

Given the nation's significant water infrastructure needs
and substantial evidence that progress in advancing clean
water and safe drinking water goals in the U.S. is stalled,
there is a clear need to reinvigorate efforts to improve
water quality. By taking action to reduce uncertainties
about the scope of the Clean Water Act, to employ green
infrastructure and other locally driven solutions that
restore degraded waterways and revitalize communities,
and to focus resources to decrease pollution to our waters
and protect high quality waters, we can achieve real, cost-
effective solutions to our nation's water quality challenges.
Simultaneously, our efforts will protect drinking water from
known and emerging contaminants that endanger public
health. Achieving these results requires new paradigms
including state, tribal, city roles and incentives for local
action. EPA realizes that we are not the only entity engaged
and investing in this critical work. To complement these
efforts and enhance our ability to fulfill our mission, we will
coordinate closely with local, state, and regional
stakeholders, including elected officials, industry, non-
governmental organizations, and environmental entities.

Gina McCarthy
EPA Administrator



“Protecting Water Quality &
Thermoelectric Power Plants”



Water & Energy Nexus

THERMOELECTRIC WATER TRENDS



Department of Energy
Research, Development, Demonstration & Deployment

Energy for & From Water

Water for Energy

e Desalination / Membrane Distillation
e UV-LED Disinfection

The Water-Energy Nexus: Challenges & Opportunities
Department of Energy
Final Report: June 2014

Super Critical CO, Recompression Closed BC
Hybrid Cooling System

AUSC (1400 F / 5000psi)

Water Recycling




EPRI Water Research Center

at Georgia Power Company’s Plant Bowen

Advanced
Cooling
Carbon Moisture
Technology Recovery
Effects
Wastewater Zero Liquid
Treatment Discharge
Solid

Landfill



Astoria Natural Gas Combined Cycle

circa 2006 & 2010




Astoria Natural Gas Combined Cycle

Air Cooled Condenser Technology



Plant Crist — Cooling and Wet FGD

e Reclaimed water from Emerald Coast Utilities
Authority (EUCA), a nearby water treatment
company

 Gulf Power has surpassed 7.7 billion gallons in the
amount of treated water used at Plant Crist north
of Pensacola. The plant uses the water as a cooling
agent & operate the scrubber system.

e Avoids Plant Crist from taking millions of gallons of
water every day from the Escambia River

e Establishes the ECUA Central Water Reclamation
Facility as zero discharge.

e Removes millions of gallons a day of effluent
discharged into Pensacola Bay from the Main Street
facility.

* Provides consistent water quality for the scrubber
vessel and the cooling towers.

 Reclaimed water available for other plant uses.

Source: The Water Action Report
Southern Company
May 2014



Kemper County IGCC

e Zero Liquid Discharge facility.

 Water treatment units will
process any wastewater
generated in the process for re-
use within the plant.

 Treated effluent from the city
of Meridian will provide
makeup water required.

Source: The Water Action Report
Southern Company
May 2014



Water — Energy Nexus

LINK TO GLOBAL CLIMATE CHANGE



“Link to Global Climate Change”

Source: “US Global Change Research Information Office (GCRIO): National Assessment of the
Consequences of Climate Change Report” 2000.



“Link to Global Climate Change”

On the evening of October 29, 2012, Hurricane Sandy made landfall in southern New Jersey



Thank You!



Sankey Diagram : Water balance on a subcritical, pulverized
coal, 500-MW power plant with recirculating cooling, FGD, and
amine absorption-based CCS

Source: Carney et al. “Exploring the Possibilities” The NETL Power Plant Water Program”
The Department of Energy — National Energy Technology Laboratory

Cornerstone Mag. Volume 2 Issue 1. April 2014



Southern Research Institute

Established in 1941 as an independent,
not-for-profit (501-c-3) center for scientific
research and development

Key Figure: Tom Martin former CEO of
Alabama Power Company

Headquartered in Birmingham, Alabama
Revenues of $82.5 million in 2011

Staff of over 500 employees

Organized into three divisions:

— Engineering, Environment, and Energy
— Drug Discovery

— Drug Development (pre-clinical)



