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Energy’s Impacts on Natural Resources rhh) s
are Often not System Focused
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Energy Generation and Delivery — 7
Becoming More and More Complex

Laboratories

Resource Infrastructure
Dependencies Dependencies
= Air shed = Transmission and
= Fuel distribution
= lLand " Fuel/resource needs
= Water and transportation
= Capital " Water

= Telecommunications

= Government
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Natural Resource Issues in Energy Development ) i,

As nations try to balance the demands and availability of water resources
to support human health and economic development in the coming
decades, it is clear that the water footprint, like the carbon footprint, will
become an increasingly critical factor to consider in addressing reliable
and sustainable energy development worldwide.

Hightower, ASME Mechanical Engineering July 2011

“Water and watersheds is where the climate change rubber meets the
road”

Bernie Zak Sr. Scientist, Sandia, April 2013

There is no doubt that applying integrated resource-management

principles could help provide the framework needed to meet future global

energy and water needs in a more systematic and sustainable way.
Hightower, Nature, March 2008
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Energy-Water Interdependency Examples rhh) s
and General Issues and Trends

= Energy sector accounts for 8% of worldwide fresh water

withdrawals
= 40% of withdrawals in developed countries — 40% US, 64% Canada

= Energy sector contributes to water quality issues

= Traditional oil and gas produced water; biofuels, oil sands, oil shale, gas shale, and
coal bed methane ; water drainage from coal and uranium mines; power plant
emissions and power plant impacts on surface water quality

= Water and waste water sector energy use is expected to grow
substantially

= Growth in water treatment, new disinfection technologies, increased water
transportation needs, etc. will increase energy intensity

= Water and waste water sector energy use could grow from 3% to 10% of total U.S.
energy demand by 2030

= 30% of India’s energy use is for ground water pumping
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Growing Limitations on Fresh Surface and Ground [T o
Water Availability in the U.S.

° ' = Little increase in surface water

| | storage capacity since 1980
o = Concerns over climate impacts
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Water Limitations Have Already Impacted ) i
Energy Development in the U.S.
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Climate Changes will Impact Precipitation and ) s,
Regional Water Supplies and Resources
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GHANGING RAINS .
Climate models indicate that k2l 12

over the next several decades, y P

increases in atmospheric carbon 04 =

could significantly alter world- -10

wide precipitation patterns. This -20

map shows predictions based on -30 9 1900

arise in average CO, level from -50 Ot ™ 3000

350 to 550 parts per million.

Nat. Geo. April 2009 from IPCC




Many Energy Development Regions are where @
Climate Change Water Issues could be Significant
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GLOBAL SHALE GAS BASINS . Top reserve holders 200 - In trillion cubic metres

China

ASSESSED BASINS
B With resource estimate e ‘ £,
\

Without resource estimate @ “@ South Africa
b @ Argentina

Source: EIA based on Advanced {

Resources Infernational Inc data, BP Graphic: Catherine Trevethan it REUTERS
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Changes in Water Availability are Impacting

i1

Watersheds, Ecosystems, and Services

Current trends show that the number, size, and severity of wildland fires
in the U.S. has grown significantly over the past four decades
Trends In Natural Wildfire Acres Burned
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U.S. Oil and Gas Production Estimates )

Figure 1. U.5. domaestic crude oil production by source, 1990- Figure 3. U.5. dry natural gas production by source, 1880-
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Growth will be with hydraulic fracking and increased water use,
Currently 3-5 million gallons per frack, and 100,000 ppm TDS flowback water
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Electric Power Water Consumption and CO,
Emissions will be reduced with More Natural Gas

Figure 13, U.5. energy-related carbon dioxide emissions in recent

AEQ Reference cases
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Water Use and Consumption for Electric Power ) s,
Generation Technologies

Laboratories

Water Use Intensity (I/MWh,)
Cooling .
Plant-type Steam Condensing Other Uses
Process
Withdrawal Consumption | Consumption
- _ Open-loop 80,000-200,000 ~800-1200
Fossil/ biomass steam turbine ~120
Closed-loop 1200-2400 1200-2000
Nuclear Open-loop 100,000-240,000 ~1600 120
steam turbine Closed-loop 2000-4400 1600-2900
Cycle Closed-loop 900 700
Integrated Gasification
Combined-Cycle Closed-loop 800 700 600

Carbon sequestration for

. . ~85% increase in water withdrawal and consumption
fossil energy generation

Geothermal Steam Closed-loop 8000 1000-5000 200

Concentrating Solar Closed-loop 3000 2900 40
Wind and

Solar Photovoltaic NIA 0 0 10
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Water Consumption for Different
Transportation Fuel Alternatives

Water Consumption

Fuel Type Relationship Relationship
and to Water to Water Water c_onsumed Average gal
: . per-unit-energy | water consumed
Process Quantity Quality [ gal  MMBTU ] t per gal fuel
Conventional Oil & Gas |  Water needed to P A
. . extract and refine; genetra et_ r?m
| ZOUBING e Water produced | . %0 é‘;ﬁ;rated ________ r-20 | ~15
- NG extraction/Processing from extraction from processing: 2_3 ~15
Biofuels Wastewater generated
from processing;
- Grain Ethanol Processing | Water needed Agricultural irrigation |- (2 L N = S
for growing et 2 *
| -SomkrgationforBtON | feedstockandfor | Wunofandiphiaton | 230031000 . ... .. e -
P : fuel processing; o o
- Biodiesel Processing B % | fortllizer, herbicide,and | _____° 4-5 -
-Soylrigation forBiodiesel | | Pesticidecompounds | 1380060000 |  ~65007
- Lignocellulosic Ethanol Water for processing; | Wastewater generated; _ .
agnd other synthesized Energy crop impacts | Water quality benefits of 24 - 150 38 (ethanol) 2-63
Biomass to Liquid (BTL) fuelg ©n hydrologic flows | perennial energy crops 14 — 90 1§ (diesel) ~2-61§
Qil Shale Wastewater generated; ’ i
st Water neededto | In-situ impact uncertain;| T—9E | e
B et Extract/Refine Surface leachate runoff 15 -40 1 31
. Water needed to Wastewater generated;
Qil Sands Extract/ Refine Leachate runoff 20 -50 ridnB
: Wastewater generated
RyNdEYe Fuels Water needed for from coal mining and 35 - 70
- Coal to Liquid {CTL) synthesis andior CTL processing ~4.5-9.0
" Hydrogen RE Electrolysis | Steam reforming of 2024 ~ F
______ yorodsn SEERSEe hatural gas {NG) pemet® et S e s s
- Hydrogen (NG Reforming) 40-501 ~7t

t Ranges of water use per unit energy largely based on data taken from the Energy-Water Report to Congress (DOE, 2007)
* Conservative estimates of water use intensity for irrigated feedstock production based on per-acre crop water demand and fuel yield

I Estimates based on unvalidated projections for commercial processing; $ Assuming rain-fed biomass feedstock production
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Water Return on Investment Considerations

— WINNERS AND LOSERS

The Decline
of Cheap Energy

Many experts say that high-quality fossil fuels
that are cheap to extract are dwindling, forcing
the world to tum to energy sources that are
more costly to produce. This situation is revealed
by calculating EROl—the energy obtained per
unit of energy spent to obtain it. Conventional
oil has a much more favorable EROI than other
sources of liquid fuel (chart at top right), but

its score is declining steadily (graph below).
Conventional sources of electricity also have
high EROls (chart at bottom right), which can
pay off handsomely when used for transporta-
tion (chart at far right). “The age of cheap energy
is over,” said Nobuo Tanaka in 2011, when he
‘was the International Energy Agency's
executive director.

Oil's Advantage Drops

A modern economy requires fuels that have
an EROI of at least five. For decades oil from
conventional deposits soared above that
threshold, but it is now dropping. Substitute
sources such as heavy oil (thicker petroleum
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Energy Return on Investment and

LIQUID FUELS: Crude Oil Gives the Best Energy Return—Today

Each raw material has to be extracted—from oil reservoirs or vegetation—and refined into gasoline or other fuels.
Each step lowers the EROI. Values are recent industry averages or from typical installations.

Fuel Type Global Production, 2011 Energy consumed during production steps Percent energy consumed  Energy return on investment (EROI):
(million barrels | l ‘
aday) —.

_—> Diiling _—% Pumping _— Refining

Conventional oil 69 16

¥ Cane production/transportation /’—’ Fermentation

/" _— Distillation

_— Cane cleaning and crushing

Ethanol from sugarcane . v 9

/f" Farming
4 _~—% Soybean crushing

041 "
/—P Mmivg/—b Steam heat'rg_/—b Refining
2 >
1.6
/—+ Steam }-Eathg/—b Pun'pr-g/—D Refining
Heavy oil from California >
0.3 .
Farming
/—» Fertilizer /—» Refining
Ethanol from corn B >
1.0

Sources of electricity span a wide range of EROls. Values are recent industry averages or from typical installations.
Renewables do not include energy storage.

Global Production, 2010
{petawatt-hours)

Energy Source

te . Steel /.-—P Building turbines

Sandia
National

i1

Mileage Return on
Investment: Electricity Wins
Transportation fuels are not created equal.
T e o

e

.
gasoline, followed by ethanol made from
sugarcane. The miles traveled are based on
the energy required to make each fuel,

as well as its energy density (for example,
ethanol’s energy density is roughly

67 percent of gasolines). For electric cars,
this value does include electricity trans-
mission, but not manufacturing batteries.

MR

Distance Driven on One Gigajoule of Energy
Invested in Fuel Production (miles)

Gasoline from conventional oil

Ethanol from sugarcane

Gasoline from tar sands

Gasoline from heavy oil

Ethanal from corn
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7 Electric car running on U.S. grid electricity
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