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Overview & ScienePolicy Questions

A Waterimplicationsof future power generatiofd

A Water-energyassessments eithaglobal (EIA, IEA,
Maheu2009) orcountry-level (data permitting).

A Here, U.S. Energy Info. Administration (E@Antry-
levelelectricitygeneration data, 198Q007:

I ldentify potential future electricity production trends to
construct waterenergy use scenarios.

I Facilitate crossountry comparisons

I Evaluate hot spot countries likely to experience acute
water-energy tradeoffs, and identify avenues for
exploring the nature of those tradeoffs.
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Sight increasesn renewables, but nandicationthat water-extractive/consumptiveeonventional thermal
generation will stopncreasing. Thiwill continue to place a demand on available water supplies.




Key trends global electricity production

A Hectricity demand to double, 20608030 Maheu
2009)

I NonOECD demand to increase 84%; OECD 14
A Generation to increase 87%, 20:P035 (EIA, 2010)

I Hydroelectricity (reservoir evaporation)
but low adoption of new
hydropower Maheu, 2009.

I Fossil fuel generationext level water consumptign
shareof renewablesontinuesto rise

A Global energy price increases, government
Incentives, and GHG mitigation = interest in
nuclear and renewables.

A Renewables lonterm prospects excellent



Water intensities of generation
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Share of Electricity Generation
By Sector, 2007 (billion kwh)

I 360

Nuclear

- Hydroeledtric
Non-hydro Renewable

B Conventional Thermoelectric

For countries with at least 50 billion kwh total electriclty generation

2007 Baseline
Electricity Generation
portfolios

S. American countries
and Canada highly
reliant on hydropower.




Growth in Electricity Generation:
Compound Annual Growth Rates
for Total Electricity Generation

(Shown Numerically) and for Four

Generating Sectors, 1998-2007

How do these broader
scale trends vary
among countries in the
Americas?

Last 10 years saw
growth in renewables
and hydropower in S.

American countries,

Renewableenergy
productionin the
Americas i®n the rise
In several countries,
both hydroelectric and
non-hydro.




Projected Net 2017
Thermoelectric Power
Generation (billion kwh)
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The U.S. and China
will remain by far
the biggest
producers of thermal
electric power.
However, based on

recent growth rates,
several Central and
South American
nations are likely to
experience
substantial increases
In thermal power
generation by 2017
relative to the 2007

baseline.



Projected Share of Electricity Generation
by Sector, 2017 (billion kwh)
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A Huge amount of hydropower, Brazil

with dam sites possible for _ . _ _
: BrazilElectricityGenerationPortfolio
more. Potentially vulnerable 2007

to altered rainfall regime due Nudlear Conventional
to GCC.

Th:or/omo
Bioenergy typically a major

consumer of water, but

Brazilian ethanol primarily
from sugar cane is rain fed.

(de Fraitureet al., 2008) Brazil Energy Generation PortfolipProjected
Assuming recent growth 2017

rates continue, fossil fuel
electricity generation could
potentially increase by 145%
by 2017.

Non-hydro
RENEELES
)

Conventional
Thermo
14%

Nonhydro
Renewables
6%



Nuclear in Brazil: high water consumption

Several countries showed positive growth in nuclear capacity in recent years.
but Brazil by far the most rapid recent growth in nuclear thermo electric
generation in the Americas. Roughly the same capacity as India.

Country Compound Annual Growt Total Capacity,

Rate 19972008 BkWh
Brazil 16% 14
China 19% 65
Russia 5% 152
South Korea 5% 143
Czech Republic 8% 25
India 5% 13
U.S.A. 2% 806
Canada 3% 89

Based on CAGR 199@08 and total generation for 2008



Brazil: Key future tradeoff questions

A Will growth in hydropower capacity continue?
A Will growth in nuclear revive?

A If neither, how much will fossil fuel electricity sources
nave to increase to meet demand?

A How will energy policy be driven by climate/carbon
considerations™plications for fossil/noffossil mix?

A Every scenario and future portfolio has enexggter
tradeoffs related to spatial distribution of water
supplies and water withdrawal and consumption
Intensities of each technology.

A Biofuels currentlyjor ethanol. What future biodiesel?
Water (irrigation) implications?
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Chile

Hydro share of total electricityp decrease (but net hydrimcrease); other renewables increase
Chilean government pursuit and approval of controversial Patagonia hydro project*

How much could contentious hydropower development be offset by renewable energy?

What tradeoffs between water/environmental and hydropower when the electricity sector legall
over-rides the water sector? (Bauer, 2009)

How might increasing control of river systems through hydropower infrastructure and reservoir
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ChileElectricityGeneration Portfolio Chile Electricity Generation PortfolidProjected 2017
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http://www.guardian.co.uk/environment/2011/may/10/chile-hydroelectric-dam
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Argentina

A Overall electricity
growth increase lower
than neighbors

A Conventional thermo
Increase

A GHG and water
Implications are
Important

A Hydro constant
(decreased share of
national generation)

Argentina Energy GeneratioRortfolio 200 ngil/ear

Argentina Energy Generation Portfotjd’rojected 2017
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MeXxIco

A nghest thermo Share Of Mexico Energy Gle\ﬂceler:tion Portfolio
any larger Latin %
American country

A Water impacts (esp.
groundwater) are
extreme

A Major renewables
pOtentiaI (SOIar in Mexico Energy Generation Portfolid’rojected 2017
Northwest, wind in
Tehuantepec Isthmus)

A Ambitious renewables
targets, but inadequate
Investment

Hydroelectric
11%

Non-hydro
Renewable
4%

Hydroelectric Nuclear

Non-hydro 9% 3%

Renewable
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L£.20402 WADA ET AL.: GLOBAL GROUNDWATER DEPLETION L.20402
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Figure 1. (a) Simulated average groundwater recharge by PCR-GLOBWB, (b) total groundwater abstraction for the year
2000 and (c) groundwater depletion for the year 2000 (all in mm a h.

Source: Wada et al. 2010. Global depletion of groundwater resoudmsphysResLett., 37,

L20402.



Nexus

Irrigation ET may
alter energy
balance, sensible
& latent heat flux

conventional

Groundwater-Energy

increase
emissions,

negating longer
term mitigation

Increasing power
demand met by

generation may

GW depletion may
ontribute to sea-

Surface flow
variability shifts
irrigation demand t

GW

Increasing
temps. raise
T, crop-water

demand depletion

Increasing temps.
raise electricity
demand for cooling,
water.supply,
irrigation
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Power generation
influenced

GW depletion

reliability reduce
irrigation efficiency

Low-cost
electricity
increases GW

pumping

Electrical
energy

supply

GW pumping
shifts to off-peak
supply; may alter
power reliability

Increasing power
demand is
required for many
short-term climate
adaptation
measures
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With 2% annual increase tarifa 09
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2% annual increase over 21st Century means tarifa 09 in 2100 would¥each current
2010 tariffs for domestic high-consumption or public service users (in constant 2010
pesos). Instead, from 1999-2009, tariffs fell at a compound rate of 0.94% annually.




Without 2% annual increase tarifa 09




