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 The more you have
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Positive feedbacks

Supply of water comes at the expense of
energy

With energy becoming limiting, water supply
gets affected

Supply of energy requires water

With higher demand for energy there will be a
higher demand for water to generate energy

The more energy we need to produce the
more water we need to use, and... vice versa




Water for Energy

* Are We Ready for Fifty Gallons of Water per

Mile Driven?

The Water Footprint of Biofuels: A Drink or Drive
Issue? - R. Dominguez-Faus, J. G. Burken, P. J.
Alvarez - Environ. Sci. Technol., 2009, 43 (9), pp
3005-3010

* Energy and agriculture already rank as the
top two sectors in U.S. water withdrawals,
accounting, respectively, for 48% and 34% of
the total

Alexey Voinov - PUC Law Conference, 2009
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Connections and feedbacks

Energy to build and

maintain machinery Energyto mitiagate

land erosion and soil

depletion Energy to produce

Trucks and tractors and deliver F & P
(Horses?)

Fertilizers

L. Pesticides
Land cultivation (F &P)

Energy for machines
<&——_ Energytoapply F &P
Energy for surface

and groundwater
treatment Crop growth Energy for crop yeld and transportation

Water runoff \ Net Energy
y Outpug
Water supply ) — i
Energy for pumps

Water for refinery

Energy for delivery,
storage and

Canals and pipelines distribution of fuels

Energy for refinery

Energy to build
and maintain

infrastru cture —»  Main flows of energy

%> Flows of water

—>>=  Flows of auxiliary energy

Alexey Voinov - PUC Law Conference, 2009



EROEI

EROEI (Energy Return on Energy Invested)
e = €out / €in

eout — IS the amount of energy produced,

ein — Is the amount of energy used in
production

It requires about 750 kilojoules to lift 15 kg of oil 5 km out
of the ground - a physical fact that will change with S&P or

NASDAQ

Alexey Voinov - PUC Law Conference, 2009
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EROWI

EROWI (Energy Return On Water Invested)

ew = €out / Win

Eout - IS energy produced

Win - IS the amount of water used in
production




Technology

EROWI

Water Use (I/MJ)

Key Specifications

Direct

Indirect

EROWI
(MJ/)

Nuclear Electric

- Once-through cooling

33.25 (0.145)

NA

0.030 (6.897)

Nuclear Electric

- Recirculating

1.162 (0.659)

NA

0.861 (1.517)

Coal Electric

- Once-through, sub-critical

28.62 (0.146)

NA

0.0349 (6.849)

Coal Electric

- Recirculating, sub-critical

0.560 (0.488)

NA

1.786 (2.049)

Coal Electric

- Cooling pond, sub-critical

18.922 (0.849)

NA

0.0528 (1.178)

Tar Sands

(0.061—0.122)

NA

(16.39 — 8.19)

Biomass Electric

- Non-irrigated hybrid poplar

0.238

3.86

Biomass Electric

Irrigated hybrid poplar — Italy

0.238

0.245

Biomass Electric

Irrigated at 400 L/kg dry biomass.

40

NA

0.025

Petroleum Electric

- 250 MW plant - Singapore

0.01943

0.00057

50.0

Petroleum Diesel

- Average data for US refining

0.0035

NA

285.3

Soy Biodiesel

- 1990 average US soy production

- 18.4% oil content

0.0152

0.0434

Wood Methanol

- Prototype with irrigation.

36.8

0.0271

Wood Hydrogen

- Prototype with irrigation

28.3

0.0353

Corn Ethanol

- Dry milling technology

1.86

0.0873

Sugar Cane Ethanol

- Non-irrigated sugar cane in Brazil

0.973

1.027

Alexey Voinov - PUC Law Conference, 2009




EROWI

Process

L/MWh

petroleum extraction

10-40

oil refining

80-150

oil shale surface retort

170-681

NGCC?2 power plant, closed loop
cooling

230-30,300

coal IGCCP

~900

nuclear power plant, closed loop
cooling

~950

geothermal power plant, closed
loop tower

1900-4200

EOR®

~7600

NGCC, open loop cooling

28,400-75,700

nuclear power plant, open loop
cooling

94,600-227,100

corn ethanol irrigation

2,270,000-8,670,000

soybean biodiesel irrigation

13,900,000-27,900,000

a Natural gas combined cycle.

b Integrated gasification combined-cycle.

¢ Enhanced oil recovery.

Alexey Voinov - PUC Law Conference, 2009

Energy Demands on
Water Resources; Report
to Congress on the
Interdependency of
Energy and Water; U.S.
Department of Energy:
Washington, DC, 2006; p
80.




WROEI

Water Return on Energy Invested:

We = Wout / €in.

Wout - amount of water produced
ein - amount of energy produced.

Energy is needed for:

— Building and maintaining the infrastructure

— Pumping

— Direct transportation (1 Bln bottles per week)
— Desalinization

Alexey Voinov - PUC Law Conference, 2009



WROEI

Table. Current Average Unit Costs of Water (Shannon, 2007). Assuming
that most of the cost is for energy this can give us an idea of relative
energy consumption in different technologies.

Method

Cost per 1000 m° (263,000 gal)

Old water

$4-81, $40 average across U.S.

Reclamation non-
potable

$81-122 for industrial reuse

New conventional
water

$81-162 aquifer, direct draw (river, lake)
$243-405 for new developed water (dams, cannels,
etc.)

Direct reuse

$348-405 for potable

Desalination
(brackish)

$405-486 for reduction from 8,000 ppm to 1,000 ppm

Desalination
(seawater)

$527 for next generation 200 million m°/yr plant Israel
$583 claimed in Tampa Bay (not achieved)

$648 actual current state-of-art RO costs

$770-1135 multistage flash distillation, depending on
salinity and local energy costs

Alexey Voinov - PUC Law Conference, 2009




Stocks and Flows
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Stocks and Flows

« Water and energy are two renewable
resources that are essential for human
livelihood.
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Stocks and Flows

« Water and energy are two renewable
resources that are essential for human
livelihood.

* There are renewable (flows) and non-
renewable (stocks) sources.

« We compensate the shortage of flow by
digging into the stock




Critical natural capital

(ritical natural capital
perfectly inelastic demand

Vulnerable natural capital Relatively abundant natural capital
inelastic demand elastic demand
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Stocks vs. Flows

 Renewable energy and water are non-rival
and non-excludable
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Stocks vs. Flows

Renewable energy and water are non-rival
and non-excludable

Non-renewable energy and water are
excludable and rival

As resources become scarcer and we dip into
stocks, we create potential for conflict
situations (water and energy wars)

PUC Law Conference, 2009
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Major concerns

Water related changes associated with climate change and their impacts on

energy and water.

Changes

Effects

Melting glaciers and snow-packs.

Loss of long-term storage of water, lower
baseflow, unreliable water supply, more
floods and draughts.

Intrusion of saline water due to
seawater rise.

Problems with drinking water, need for
treatment of brackish water.

Changed patterns of precipitation

Changes in spatial patterns of rainfall, loss of
wetlands in certain places, occurrence in
others. Migration of habitat. Changed
hydroperiod, impacts of hydroelectric
production.

Increased frequency of “natural”
disasters.

Changes in temporal patterns, hurricanes,
floods and draughts, damage and loss of
infrastructure. Higher risk and insurance
costs.

Heat waves

Higher temperatures, higher
evapotranspiration, more losses from
reservoirs, problems with cooling for nuclear
and fossil electric




Major concerns

« Climate Change
* Peak Qil

* Reduced discoveries, declining production;

* Increasing demand;

 Politically sensitive reserves, “resource nationalism?;
* Vulnerable infrastructure.

Alexey Voinov - PUC Law Conference, 2009



The Hubert curve

HUEBBERT CURVE

In the 1950s M. King Hubbert,
noticed that oil discoveries
graphed over time, tended to
follow a bell shape curve. He
posited that the rate of oil
production would follow a similar
curve, now known as the Hubbert
Curve. In 1956 Hubbert predicted
that production from the US lower
48 states would peak in 1970.
Hubbert was right, US continental
oil production did peak in
1970/71, although it was not
widely recognized for several
years.

Dalty Of Production

Alexey Voinov - PUC Law Conference, 2009



The Hubert curve
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Reality
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Reality
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Peak oil

THE GROWING GAP
Oil Discovery and Production

i

| 1 Past Discovery

L Future Discovery

- Praoduction

1930 1950 1970 1990

Alexey Voinov - PUC Law Conference, 2009
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Major concerns

« Climate Change
* Peak Qil

 Globalization
— Virtual water

— Water security is no less important than energy
security

— Global resource conflicts

Alexey Voinov - PUC Law Conference, 2009



Supply side

 DOE is responsible to “promote a diverse
supply ... of reliable, affordable and
environmentally sound energy”.

“One of the main objectives of the Water
Authority is to obtain additional water from
Colorado River to support urban growth of its
member agencies”.

12 federal agencies have responsibilities as
related to water. None of them deal with
managing or optimizing demand.




Water Use Growth With Population

500

@® population (millions) (1% growth)

® conservation (4% yearly decline)
same use as now

O projected (4% yearly increase)

2000 2008 2016 2024 2032 2040

Growth rate in withdrawals assumed to be ~60% of population growth, but it
“compounds” with time. Consumption likely proportional to population growth.

Population Data form US Census Bureau

Alexey Voinov - PUC Law Conference, 2009



Demand side

USA has the third highest domestic water
consumption — 217 m3/cap/yr (after Australia
— 341 and Canada — 279 m3/cap/yr). In China
it is 20.

No correlation with economic development: in

Germany the domestic water consumption is
66, and in the Netherlands — 28 m3/cap/yr

USA consumes 22.5% of world energy, while
it produces 15.9% and has 4.8% of world
population.

Demand growth has a positive feedback that
magnifies itself.




More positive feedbacks

« Curbing demand is the cheapest and fastest
solution to most of the problems with supply.

« Conservation of energy saves both energy
and water.

 Conservation of water saves both water and
energy.
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Get used to curbing water use, Californians told
Drought portends 'a way of life ... now and into the future,’' water chief says

(g Drying up
California’s farming
areas arent dust bowls,
at least not yet, buta
three-year drought and
water restrictions have
slashed crops and jobs,
With the abnormally low San Luis Reservoir as a backdrop, California Gow. undermining rural
Arnold Schwarzenegger speaks to thousands of protesters in the farming communitios.

town of Gustine on April 17.

msnbc.com staff and news service reports i Video: Weather
updated 12:07 p.m. ET, Fr., April 24, 2009

Pumssmamons doslonsnd la S0l I( ' I ]

Gary Kazanjan / AP
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Affluence Requires Energy —

Poverty Breeds Global Insecurity
100

Affluence
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Is GDP the goal?
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Is GDP the goal?

9

y (years)

50000 60000

Life satisfaction index

20000 30000 40000
GDP per capita (constant 2000 US $)
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Focus on demand

* Increase efficiency (which actually is another way to
increase supply - Jevon’s paradox);
« Use market tools and mechanisms:
— Tax luxury consumption. Tax floor
— Increase price rationing
— Increasing block rates instead of decreasing them
« Use regulation:
— Penalize luxury consumption
— Peg water pricing to income levels.
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Adaptations. What to do?

Focus on demand

* Increase efficiency (which actually is another way to
increase supply - Jevon’s paradox);
« Use market tools and mechanisms:
— Tax luxury consumption. Tax floor
— Increase price rationing
— Increasing block rates instead of decreasing them
« Use regulation:
— Penalize luxury consumption
— Peg water pricing to income levels.
* PR campaign:
— Education and outreach
— Reverse advertising (same methods — different message).

Alexey Voinov - PUC Law Conference, 2009
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« Dam construction - flood and drought
protection + hydropower.




Adaptations. What to do?

Dam construction - flood and drought
orotection + hydropower.

_ocalization

— Locally self-sufficient systems
— Small hydro

— Wind, solar, biogas installations

— Local water storage in small cisterns, pools, or
underground reservoirs

— Distributed network is more secure

Alexey Voinov - PUC Law Conference, 2009
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 Information and data sharing — develop open access
information, model and knowledge base to facilitate
decision making at local and regional levels.
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Adaptations. What to do?

 Information and data sharing — develop open access
information, model and knowledge base to facilitate
decision making at local and regional levels.

Outreach and public awareness. Use public
announcements on TV and radio. PR campaign.

Enhance water supply through conservation,
metering, more efficient storage, water banking and
other water transfers.
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Adaptations. What to do?

Information and data sharing — develop open access
information, model and knowledge base to facilitate
decision making at local and regional levels.

Outreach and public awareness. Use public
announcements on TV and radio. PR campaign.

Enhance water supply through conservation,
metering, more efficient storage, water banking and

other water transfers.

Enhance energy supply through conservation, CAFE
standards, cap & trade and taxes for CO., etc.

Alexey Voinov - PUC Law Conference, 2009



Thank you

See details at
http://www.likbez.com/AV
or contact me at
aavoinov@gmail.com




