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Energy Requires Water &
Water Requires Energy

Water for Energy

Extraction & Refining

Hydropower

Fuel Production Thermo electnc

(Ethanol, hydrogen) Cooling
Wastewater Extraction and
Treatment Transmission
Energy Associated Drinking Water
with Uses of Water Treatment
Energy for Water
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The Water-Energy Nexus
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treatment

Water and energy use
Image from "Energy Demancds on ater Resources," In the home are related
LL5. Depariment of Energy, 2006 {pg. 13)




California’s Water-Related

Energy Use
30% of all 20% of all
Natural Gas Electricity
- N 4 B
Enough to supply Enough to supply
| 60% of CA home’s entire state’s

gas needs: electricity needs:

k7.2 million homes | Oregon or Mass
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A thirst for power: A giobai analysis of water censumption for energy preduction, 2012

Dr. Edward Spang, CWEE, University of California, Davis




Past

Energy and water very inexpensive (pre 70’s)

EPA fofm “w ( "f':"ater enYphasis)
—e_Oil embargb/éll!;!s ﬁlﬁrﬁxpef?s've

-—

J— Focusﬂi on individual compORBHRS"~

Cost a.n,o!” Fgulatloﬁrlven i I;:':!‘ _%

Sustainability, tri jottom tire & tifesc
analysis (energy proxy)

USDOE emphasis last 10-15 years
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Challenges for the next generation of change

Energy Climate Health Transportation
Change & &

Nutrition Infrastructure

e Sustainable solutions to these challenges will

provide many opportunities for current and future
engineers and scientists

* An eye on product development as well as
process will provide additional opportunities

o Sustainability will provide a strong driver for
Innovation
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Food Considerations

— Analysis ofiland use components ofienergy- water
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ENERGY FOR FOOD

Food production and supply
5 chain is responsible for around
7 BILLION FI\EILEB%IS 30% of total global energy

PEOPLE TO FEED TODAY

= 60% more food needed demand

+19% increase of agricultural water consumption _
(including both rainfed and irrigated) by 2050 Enerqy inputs consumed on U.S. farms, by component, 2001-11
Trillion Btu of energy

EVERY DAY 1 PERSON 0
7001

709% AGRICULTURE DRI NKS EATS 500- Fuel

5001
A — _—

2001 Electricity — N

2000- 2001

10%: DOMESTIC

Pesticid
L 2-4 5000 L
i LITRES """ Other direct”™""
0 LITRES OF VIRTUAL WATER {] T T T T T T T T T T T
20% INDUSTRY OF WATER ERSROR S 2000 G2 03 04 05 06 07 08 09 10

Note: *Other direct’ represents liquid petroleum and natural gas. Energy consumed is calculated

ALL WE EAT NEEDS WATER TO GROW by tai-u'ng the total yearly expenses, divided by the average yearly price, and multiplying this amount

by the energy conversion ratio. Btu = British thermal units.

1 APPLE . . 150G OF BEEF = __ 100G OF 1 SLICE Source: Miranowski (2005 and USDA, Economic Research Service calculations.
APy 'ﬁ STEAK M " EFEEMEtES Q OF BREAD
7p 2025 ~\--,.J Also must take into account transport, storage,
tres litres |t EH .
' processing and other energy costs for food.

Courtesy Kate Scow
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Observations

Social complexity playing larger role

Timescales

— Sustainability — long
— Political <4 years

— Business 1-5 years

Systems approaches — SCIENCE & TECHNOLOGY SOL.
Embedding life cycle thinking cradle to grave
Footprints that look at multiple elements

Solutions involving wider social, environmental, economic,
regulatory, political, and ethical framework

Regional ramifications for our area
Asymmetric economics (each element on different basis)
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Wicked Problems

— changing requirements

= difficult to recognize‘ -

. | e
omplex interdependenties
— Solve one problem
— Create or reveal other problems




Examples
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Are we approaching “Planetary Boundaries™?
What is the “Sazﬁe Operating Space for Humam’ty”?

Climate change
Biodiversity loss
Nitrogen loading
Phosphorous loading
Ozone depletion
Ocean acidification
Freshwater use

Land use change
Atmospheric aerosols
Chemical pollution

Figure1| Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planctary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human
J Rockstrom, et al. interference with the nitrogen cycle), have already been exceeded.

Ecology and Society 14(2) 2009
Nature 2009

AGRICULTURAL SUSTAINABILITY INSTITUTE AT UCDAVIS



Increased demand
50% by 2030 (IEA)

1. Increasing population

2. Increasing levels of
urbanisation

3. The rightful goal to
alleviate poverty

%

Increased demand ﬁ Increased demand
50% by 2030 30% by 2030

(FAO) (IFPRI)

4. Climate Change

The Food-Energy-
Water Nexus: AIChE —
IChemE Collaboration
With WCEC
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