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OutlineOutline
• Basin‐Scale and Regional Energy and Water 
Systems

• The “Nexus” in Energy‐Water Nexusgy

• A specific basin‐scale example

• Variability and time scales in Energy Water• Variability and time‐scales in Energy‐Water 
Systems

N bj ti i t• Non‐energy objectives in energy‐water 
decision‐making



Water Resources Systems
Inherent uncertainty, conflicting priorities

Multiple demands: Complexities:p
• Flood damage 
reduction

p
• Uncertainty reigns!
• Diverse stakeholder 

• Water supply
• Ecological provision and 

t

priorities
• Context‐driven 

i itimanagement
• Commercial navigation
• Recreation and

priorities
• Data, science, 
technology gaps• Recreation and 

aesthetics
• Energy Supply

technology gaps 
between decision 
variables and outcomesEnergy Supply



Hydrologic Units



Electric Power Systems
Evolving and Emergent Complexity

Power System Features: Complexities:Power System Features:
• Multiple asset types

– Nuclear, Coal, Gas, Hydro
– Wind, Solar, Hydro, Bio, Geo

D d

Complexities:
• Multiple evolving markets for 

energy and services
• Mature, deploying, and emerging 

ti t h l i ith– Demand response
– Energy storage

• Interconnected capacity‐limited 
transmission system

generation technologies with 
differing cost trajectories

• National, regional, and state 
energy policy uncertainty

• Multiple constraints and costs
– Supply = Demand 
– Reliability standards

Security goals

• “System of systems” architecture

– Security goals
– Fuel supply
– Emissions goals
– Environmental impacts

I iti l t d j t fi i– Initial cost and project financing



Physical Transmission Gridy

Electric Power Markets

Reliability and Control Network



Water for Energy Linkages
• Nuclear generation

– Cooling water requirements 
Waste assimilation

Power System
Optimization
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– Waste assimilation
• Coal‐fired generation

– Cooling water
– Emissions control systems

Reservoir System
Optimization

3
Le

y
– Ash‐handling and waste 

assimilation
• Combined‐Cycle Gas

– Cooling water
Project Optimization
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– Cooling water
• Hydropower 

– Water‐in‐storage
• Bio‐energy Unit Optimization

Q, P
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gy
– Crop irrigation 
– Refining process water
– Cooling water

p

P/P0
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Near‐Term Capacity ProjectionsNear Term Capacity Projections

TVA, 2010TVA, 2010



Thermoelectric Cooling WaterThermoelectric Cooling Water

• Once‐through cooling
– Effluent and instream 

temperature constrain 
generation and reduce 
ffi i

1 0 0

efficiency
– Low‐flow conditions degrade 

water conveyance systems
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B re a kpo in ts  a nd  sha pe
a re  un it a nd  s ite  spe c if ic

• Closed‐loop
– Consumptive use can become 

critical during low‐flow 
periods
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– Air‐temperature variability 

becomes important input for 
decision‐making g



Thermoelectric Cooling WaterThermoelectric Cooling Water
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factor for generation availability

• Advanced forecasting and decision‐
support are required to avoid de‐
ratings and shutdowns
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Thermoelectric Cooling Water
MT

ID
OR

WY

SD

MN

ND

WI

WA

MI
NY

ME

MI VTNH

MA
CTRI Thermoelectric 

CA

AZ
NM

NV

CO
ILUT

KS

IA
NE

OK

MO

GAAL

AR

PA

IN

NC

MS

TN

KY
VA

OH

SC

WV

MD

NJ

DE

Once-Through Freshwa
Cooling Withdrawals - M

0

greater than 0 to 500

cooling water 
withdrawal and 
consumptive use is 

h
TX

FL

GAAL

LA

MS g

500 - 2,000

2,000 - 4,000

4,000 - 6,000

6,000 - 9,000

greater than 9,000

Data source:  Hutson et al. 2004.  Estimated
Use of Water in the United States in 2000.  
USGS Circular 1268.

intense in the 
Southeast
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Hydropower 
Production

• Aging infrastructure may 
reduce reliability of 
generation without new 
investment

• Increased water 
management constraints 
limit flexibility and valuelimit flexibility and value 
as dispatchable asset

• Environmental 
h lmitigation technologies 

are emerging
• Small‐hydropower y p
opportunities exist



Example:  The Cumberland River Basin
aka The Cumberland River Energy Water System (CREWS)gy y ( )
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Cumberland River Institutional Perspectivesp
USACE, Ohio River MainstemStudy

TVA, System Map & Power Service Area



Energy‐Water Temporal Variability
• Decision‐making must resolve 

events and processes over a 
wide range of time scales—
examples:

– Reproduction, mortality, 
growth

– Drought, floods, climate 
change 

– Reservoir stratification 
and turnover

– Peak energy and ancillary 
services valuation

• Modeling  and forecasting 
across time scales

– Aligning energy, water, 
and ecological model 
ti itiming

– Transferring energy, mass 
balance, and other 
constraints between 
nested modelsnested models



Complex Objectives in Energy‐Water Decision Making

Ecological community dynamics
and species interactionsev
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•Reservoir health index
criteria (IBI, RFAI, etc.) ve
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Examples of constraints Modeling (and scheduling/planning) components

Habitat biomass and populationel 
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and species interactionsL

Species abundance

s,
 

( , , )

Sp
ec
ifi
c 
O
bj
ec
tiv

ri
tie

s

nsHabitat, biomass, and population 
dynamics, behavioral modelsLe

ve

Availability of food,
energy, and habitat

ity
, u
nc
er
ta
in
ty
, 

kn
ow

le
dg
e 
ga
ps • Fish passage and survival

tin
gs
) a
nd

/o
r p

ri
or

e 
O
pe

ra
ti
on

Fluvial dynamics models
Water quality models
Habitat distribution modelsLe

ve
l 2

re
as
in
g 
co
m
pl
ex
i

a 
re
qu

ire
m
en
ts
, 

d 
m
od

el
in
g 
co
st
s

• TMDLs and WQ criteria
• Scour thresholds
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Example:  Optimizing Ecological Value with the Oak Ridge Chinook Model
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Important Take‐Away Conceptsp y p
• Energy and water systems are connected across multiple time 

scales and with non‐aligned boundaries.
– Electricity already flows across hydrologic boundariesElectricity already flows across hydrologic boundaries 

• Energy and water systems benefit from joint analysis over a range 
of operational and planning time scales.
– Water‐use tradeoffs exist between energy and non‐energy uses, as 

well as between alternative energy sources.
– Southeast is dependent on water for baseload generation
– What are tradeoffs between water‐for‐bioenergy and water‐for‐

baseload thermoelectric?baseload thermoelectric?
– Answers will come within both planning (inter‐annual) and operational 

(intra‐annual) decision‐making processes. 
• Our ability to model ecological implications of energy‐water use y g p gy

scenarios is very limited.


