Energy Resources:
Past, Present, and Future
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e Energy is the ability to do work

:_; 15t Law of Thermodynamics:
" energy cannot be created or destroyed

27 Law of Thermodynamics:
energy goes from a high quality to a lower quality during
each energy transformation; while energy 1s conserved, it’s
ability to do work decreases

4 Forms of energy: potential, kinetic, thermal, chemical, electrical, etc.
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Energy is key to Sustaining system
structure and complexity

Natural and human systems build and maintain
order and organization by taking in high quality
energy, using it, and passing degraded energy
outside of the system boundary.

Our society 1s dependent on the energy flows that
support it AND having a sink for the waste.

High quality Low quality
¥ Energy Input System Energy output (waste heat)
i =P (human or —p

natural)
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Renewable versus nonrenewable resources

Renewable energy resources — are continuously
replenished at a rate useful for human consumption

Nonrenewable energy resources — are limited in
supply or are replenished at a rate that 1s negligible
compared to rate of human consumption.

Shasta Dam California
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http://coalcity.lib.il.us/coalmining/pages/mining/images/image08.jpg

7+ Conventional Energy Sources
% 1. Fossil fuels---coal, petroleum, natural gas---have stored

| solar energy, that we draw on today for the activities of the
| modern life.

#M Alternative Energy Sources
%% 2. Nuclear power began in US in 1957 in Shippingport, PA.

4 Use varies greatly from country to country

_:;.;;f 4 3. Renewable energy---hydroelectric power; biomass such
“4 as wood, waste, and biofuels; geothermal; solar; and wind--
L. -is replenishable




World Energy Consumption by Fuel - BP
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Energy mixes in the CEE region - gross energy consumption of
primary sources in 2013

Hunga
A= B Solid fossil fuels

M Petroleum and products

Slovakia
Gases

®mMNuclear

Poland
W Renewables

Czech Republic

80% 1008

Source: Eurostat, Energy Community




U.S. energy consumption by energy source,

Total = 97.7 quadrillion Btu Total = 9.7 quadrillion Btu
geothermal 2%
= solar 6%
— wind 19%

biomass waste 5%

biofuels 22% bicmass
49%

wood 21%

hydroelectric 25%

Mote: Sum of components may not equal 100% because of independent rounding.

source. U5, Energy Information Administration, Monthly Energy Review. Table 1.3
and 10.1 {(April 2018), preliminary data




Energy Consumption by Primary Energy Source

Foszil Fuels

Muclear Electric Power
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Energy Consumption by Source, 1635-2006
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Historical Energy Use
Earlier civilizations used renewable energy
sources exclusively

Wind for windmills (pumping) and sailing




Historical Energy Use
Earlier civilizations used renewable energ
sources exclusively




Historical Energy Use
Earlier civilizations used renewable energy
sources exclusively

Animal and human energy for labor
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Historical Energy Use

Earlier civilizations used renewable energy

sources exclusively

Biomass for heat and coo!
Wind for windmills (pum

KIng
ping) and sailing

Water for watermills (mil

1ng)

Solar for thermal regulation
Animal and human energy for labor

These sources are renewable with little long term
impact on the environment, but have a generally

low energy density.

Energy density 1s the amount of energy stored in a given

space per unit volume



Transition to fossil fuels

Coal — used as early as 13t century, extensive use by
mid-19%" century

Oil — used mid-late 19t century

Natural Gas — used late 19t century, big boom after
WWII




Fossil Fuels are
derived from
partially
decomposed
organic materials
transformed in
Earth’s crust by
pressure, heat and
bacterial
processes. It takes
millions of years
for these
organisms to
chemically
change 1nto fossil
fuels.

PHOTOSYNTHESIS

In the process of photosynthesks, plants convert radiant energy from
the sun into chemical energy in the form of glucose - or sugar,

water + carbon dioxide +  sunlight —s glucose + oxygen
6HO + 6C0, + radiant energy—s CH O, + 60,

SWaMP WATER
300 miillion years sgo 100 million years ago

B i i -

Rocks & Dirt

Bafora tha dinosaurs. many Dver millions of years, (he plamis Haal and prossune lurmed
gimnd planis depd n swamps wpr Duned under waler and din, e daad planls o coal
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WORLD COAL RESERVES

Proven recoverable coal reserves reported to the World Energy Council by the
top-ten coal-producing countries at the end of 2008. Coal of higher quality
(bituminous including anthracite) is being depleted most quickly. RUSSIA

UNITED STATES

GERMANY ..  KAZAKHSTAN

Q0 €

UKRAINE
1A
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Coal Consumption by Sector
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4 Electricity Generation

4 ""When copper wire is moving through a magnetic

field, an electric current is generated in that wire."

Copper wire  + Mokion Eﬂ;



https://www.youtube.com/watch?v=40PgNkRj6YM
https://www.youtube.com/watch?v=40PgNkRj6YM
https://www.youtube.com/watch?v=40PgNkRj6YM
https://www.youtube.com/watch?v=40PgNkRj6YM
http://www.hawaii.gov/dbedt/ert/electgen.html

In the picture, the shaft and armature (with copper
# wire) spin around. The magnets are on the outside
.' (they don't move). Electricity, at the "+" and "-"

=hatt
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-—§ So where do all the different energy sources come in? It's all a

T '\'-I-\.I‘—f

"Qi question of how to get (and keep) the system moving (1.e. how to
X keep the copper wire spinning around).

{ In a steam power plant, fuels (such as petroleum, coal, or biomass)
i ;.-=5 are burned to heat water which turns into steam, which goes through

~d a turbine, which spins...furning the copper wire (armature) inside
the generator and generating an electric current.

§TELM ELBECTRICITY

TURNE
I8 PRODUCED
TURBINE, ELECTRICITY
B

TROWELS
B POWER

GENERATOR LINES

EACIMA § § SPINE

ELECTRICITY PRODUCTION

Biomazma example. Othar anergy socurceas
[cil, zoal, wind, hydropower, aolar, etc ]
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Boiler
(furnace)

Turbine

: ' Electric generators are essentially very large quantities of copper
%] wire spinning around inside very large magnets at very high speeds.

8.7 A commercial utility electric generator -- for example, a 180-

F'd4 megawatt generator 1s 20 ft in diameter, 50 {t long, and weighs >50
tons. The copper coils (called the "armature") spin at 3600 rpm.

¢l Although the principle 1s simple (copper wire and magnets), it's not
* necessarily easy!



_' In a nuclear power plant, nuclear reactions create heat to heat
| water, which turns into steam, which goes through a turbine,

) which spins...furning the copper armature inside the generator
i and generating an electric current.

In a wind turbine, the wind pushes against the turbine blades,
/8 causing the rotor to spin...turning the copper armature inside the
generator and generating an electric current.

2 In a hydroelectric turbine, flowing (or falling) water pushes

! against the turbine blades, causing the rotor to spin...turning the
= copper armature inside the generator and generating an electric
current.

4 The different energy sources just provide energy to do the same
basic thing...furning the copper armature inside the generator
Y and generating an electric current.




Hamsters



Historical Net Electricity Generation (Electric Power Sector Only)
1949-2012

Solar
®m Wind
M Geothermal

| Biomass

Hydroelectric
W Nuclear
W Natural Gas
m Petroleum
m Coal

984 1991 1998 2005 2012

1949 1956 1963 1970 1977 1

gy Information Adminlstration: Online at kit -.w'.*.-w-'l.||_||:1-":-'-I,.; eneng Yy datayanmual D Lised _i||'|"




Original Col. Drake Well, August 27, 1859
Titusville, Pa




Petroleum Consumption by Sector
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i, b, R

Production (bbl/day) Top 10 countries

Country * updated 2016
Saudi Arabia (OPEC) 10,625,000
mm Russia 10,254,000
B= United States 8,744,000
e ITaqg (OPEC) 4,836,000
- People's Republic of China 3,938,000
o lran (OPEC) 3,920,000
J+J] Canada 3,652,000

= United Arab Emirates
(OPEC)

3,188,000

I Kuwait (OPEC) 3,000,000

Brazil 2,624,000



E Top Countries Total 0il Consumption 2017
20,000 ig'aso

18,000 Thousand Barrels per day
34%
16,000 | The countries with the highest
> oil consumption will be the most
T 14,000 = — 12,799 vulnerable to collapse as oil
S 12000 production declines.
5 10000 - S - Net Oil Imports
- 70%
2 8000 | ]
®oewo 8 4,690 3988 3918
’
4,000 - . _— 4 3,224 - 3,017 - 2,447
| - T7% w |
2,000 + 100% l 9E 100%
0 PO Sy Y .
China India Japan Saudi Russia azil S.Korea

Arabia Federation

REPORT info from BP 2018 Statistical Review




World oil flow

I United States s Eastern Europe
Canada B Middle East
T Approximately 20 BN |_atin America Africa
million metric tons Western Europe Asia and Australasia

Sauroe: Brlish Patraleum Cormpary L1995, BP Statsical Review of World Energy,
Copyrght 2000 John Wilsy and Scns, Ino

U.S. uses 19 Million barrels of petroleum
per DAY. Most for transportation.




Light crude oil - Discoveries / Production
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The Age of Oil
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M.K. Hubbert’s view of the o1l age over the long-term




Natural gas is currently seen as a transition or
“bridge” fuel: from coal to renewables

Pros:

Lower carbon emissions than coal
Prices are low (now)

Supply 1s high (now)

Cons:
Methane emissions are more potent GHG than CO,
Non-renewable resource




nvironmental Impacts of
ossil Fuel Use
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i\ Environmental impacts of fossil fuel use

Recovery — land disruption, loss of habitat, surface water
=/ pollution, air pollutants, land subsidence

Off-shore o1l drilling —o1l seepages, aesthetic degradation

Refining — spills leaks, soil and groundwater pollution

4 Use CO, — emission, air pollution (smog), acid rain

BOTH SUPPLY AND USE ISSUES
WITH FOSSIL FUEL RESOURCES



Renewable Energy

Hydroelectric
Biomass
Wind

(S}elotherma U.S. energy consumption by energy source, 2015
olar

; Total = 97.7 quadrillion Btu Total = 9.7 quadrillion Btu
Tldal geothermal 2%
colar &

wood 21%

hydroalectric 25%

Mote: Sum of components may not egual 100% because of independent rounding

ay Information Administration. Monthiy Energy Review, Table 1.3
and 10.1 (April 2016), preliminary data

cia




Share of energy from renewable sources

in the EU Member States
(in % of gross final energy consumption) ’
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Most

renewables
start with
solar energy

Have specific
end uses

Have lower
energy

density

Lower

environmental

1impact

Y ¥

Wind Hydropower

Biomass
Urban waste
irecycled biomass)

bl

Steam

Boiler

I

Mechanical
generator

genarator

: J ——|
Turbo

L
Collectars
(passive
and active)

Processing

|

Electricity
Utilities

Agriculture » Users
Industry

Copyrght 2000 John Wilsy and Sons, Ino
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Heat (water or air)

Home
Business
Agriculture
Industry
Government

Users

|

Gas and liguid biofusls

Automobiles
Agriculture
Imdustry
Business
Government
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| Renewable Energy Consumption by Sector

Renewable Energy by Consumption Secfor
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Hydroelectric power (250BKw ~10% total in U.S.)
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Wind Energy



Global wind energy capacity

SHARE OF CUMULATIVE INSTALLED CAPACITY — WORLDWIDE, AS OF DECEMBER 2012

New Installed Capacity H1 2014 282.6 gigawatts w

New Installed Capacity H1 2014: 17°613 MW Europsar Union China LS. India Canada afwarld
Rest of the world 9% 3:%% % 21% Toi 2% %

l S ([
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e
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S s ¥

China 41%
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Curriulative, in gipawalts. Instalied capacity as of
December 2012, in gigawatts
00
Rest of the warld 281.6

B Eurcpean Linion
Finland

- - Estonia
Denrmark — Latla
Metharl ands —— Lithuania

Belgium l Pajard
| i
——— (zech Rep.

Iretard ’ Apistria
; ————— Slovakia
Luxermbaurg Hungary

i Portugal : *—— Romania
50 | b | —— Bulgaria
g IIII .

il - 2l

00 0 4 06 ‘08 ‘10 '12

WL

-

s

Wi Energy Crunl;
Enengy Assouiation



http://en.wikipedia.org/wiki/Wind_power
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http://en.wikipedia.org/wiki/Canada
http://en.wikipedia.org/wiki/Netherlands
http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Australia
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http://en.wikipedia.org/wiki/Republic_of_Ireland
http://en.wikipedia.org/wiki/Greece
http://en.wikipedia.org/wiki/Austria
http://en.wikipedia.org/wiki/Turkey
http://en.wikipedia.org/wiki/Poland

Solar Energy

Passive solar uses building designs (i.e., walls,
windows, floors, roofs, materials, and landscaping) to

manage energy budget.

» Daylighting optimizes the use of natural light.




Summer

Summer

ﬂ_,: . Transmitted
L i 15%-00%

Winter

Trensmitted
B8%-65%

Bowron: J Huang andl 3. Winne R, 1052 Conling Our Commmoniios’ A Guidebook
o Tom Pl and L ight Coloved Soelionis U5, EPA Clles ol Pakey Anakals,
LS, Supeinlancen) of Documants, Wastegion, LG

Cogyright 2002 John Wilsy and Sons, inc

Passive solar design uses overhangs or
vegetation



0 | Active solar uses mechanical equipment for heating,
4 collecting, and electricity generation.

" Photovoltaics
Collectors

Cold warbar




solar batch Providing hot water for homes
hot water

aGnol o7 10U
cold from well

220 volts
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Remote
applications of PV
where electric grid
does not exist

West Bengal, India. Rooftop PV modules
on a village health center provide power
for refrigerators containing medicines and
vaccines, for lights, and for other
important needs. U.S.DOE




1997 "Sojourner” explored Mars using
‘Lhigh-efficiency photovoltaic (PV) cells which
generated 16 watts of power.



Biomass

Electricity/heat
Wood/wood chips
\WERIS

Transport
Ethanol
corn
cellulose
Biodiesel
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Fossil inputs to agriculture
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M Fertilizer and pesticide inputs =

© Andy Singer
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B2 Low energy return on energy
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Drives up price for food

¢ ETHANOL
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2014 cost per kilowatt by energy source
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Energy use in daily life

(Ecological Footprint — measuring your impact)

*Household consumption
*Transportation
*Diet




4 Furnace

Air Conditioning
" Refrigerator

B4 Hot water heater

: ,. Lighting — use CFLs
£ .4 Electronics



Transportation

Increase fuel efficiency
Alternative/hybrid technology

Reduce number of trips
Reduce distance of trips

Use mass transit

LAND USE PLANNING




‘4 Organic food (less fossil energy inputs)
%= Eat lower on the food chain (less meat)

B8 Less food waste




Energy Future

Transition to Renewables
(cleaner and sustainable)

Increased Efficiency and Conservation
in all sectors

Reduce need for transportation through
wise development decisions



4" =1 It takes energy and water to
&l 9grow food

™ 71 It takes water to produce

i energy

4 72 It takes energy to move and R T
$. 1 clean water

L4 7 It takes food for the people
L' provide food, water, and
energy

Market




Watershed 1s all
area that drains to a
common point
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Energy-water shed  FEWshed

Food-energy shed Food-water shed
e
VY
/S /S
System boundary FEWshed layer

Irrigation Health & nutrition
Harvesting Production consistency
Processing r Biofuels
Transportation { Runoff capture
\‘ I/ Mfoo‘j
\H\CO_VEMQL/\ Crops

. Mulching I , Livestock
Precipitation / sher|es
Groundwater
Abstraction Irrigation
Transportation Hydropower Boundary

Cooling systems outputs

Energy for

Harvesting | . atershed layer

Transportation

Processing 1 Hydrr —
Infrastructure R ction of fossil/ Mt” .
Extraction E?;d;or : AWI”’ ’M Electricity
Cooling systems oro| Gasoline

Bioene N ' Vv Coal

abor .
) Heating system



Food production and trade
(YSSP Project by Nemi Vora, Univ. of Pittsburgh)

# Trade can in(de)crease environmental impact of food production
depending on trading partners

# Physical food trade vs. virtual (embodied) resource trade




Example food trade matrix, flow in mass
units from row to column

[rrigation
water

4

[rrigation
embodied energy

¥

[rrigation
embodied
greenhouse gas
(GHG)

emissions



Actual trade vs. maximal indeterminacy

MM

A.) Actual trade B.) Maximal Indeterminacy (zero dependency) - flow structure evenly redistributed given network
flow constraints. Each visualization represents only flows that are at least 1% of the maximum link weight



Trade dependencies for Texas

Understanding Texas’s import dependencies

# Texas largest out-of-state importer

Food imports to
Origin States Texas in
(US tons)

: Lower PMI rank: Potential to increase trade

139 4

Oklahoma ~ 23E+06 3
Nebraska 1.4E+06 4
Moo s7ews o
6
Minnesota 4.4E+05 7
lllinois 2.9E+05 8
North Dakota 2.4E+05 9
e
California 1.6E+05 11
Georgia 1.5E+05 12

Arkansas 1.4E+05 13

Rank by trade
flow

PMI Rank by PMI

-2.34 12

S
7
-3.79 22
-4.53 28
-3.51 21
s
-2.68 15
-1.83 8
-2.86 16



Trade dependencies for Texas

Understanding Texas’s import dependencies

# Texas largest out-of-state importer

Food imports to
Origin States Texas in

(US tons)
Texas 2.9E+07

Rank by trade
flow

1
2
3
4
)

PMI

3.74

Rank by PMI

1
2
4
12
6

Higher PMI rank: More dependent than expected

New Mexico 1.9E+05
California 1.6E+05
Georgia 1.5E+05
Arkansas 1.4E+05

8
9

10

11
12
13

1.45

-2.68
-1.83
-2.86

28
21

3

15
8
16



PMI values for virtual water imports to Texas

PMI values for Imports to Texas

-10.35 - (-10)
I (-0.99) - (-5)
B 499 -0
oot -a0s

Canada

Atlantic
Ocean

Pacific

cean

Mexico
Gulf of Mexicn

Mo M- F;; = trade between i and j
Gravity model of trade Fy; =G "/ » d = distance
i M = economic mass of country
G = constant




PMI for virtual water imports to Texas

The white states
indicate no imports.
Size of circles represent
total water withdrawals
for irrigation.

Canada

Atlantic
Ocean

Pacific
Ocean

Mexico

Gulf of Mexico

PMI virtual water imports for Texas and water withdrawals across states

[ ]-1035-(-10)
Scaled by total irrigation water withdrawals

] (9.99) - (-5)

- (-4.99)-0 - Groundwater withdrawals
- 0.01-3.04 |:| Surfacewater withdrawals



Virtual water import vulnerability of Texas

Canada

e
4 C |
oy
S < ‘ '-

W

Groundwater stress
index from ref [1]

W,
Atlantic

Ocean
Pacific

Ocean

Mexico
Gulf of Mexico
Groundwater stress PMI values for Irrigation Water withdrawals

virtual water imports

1. Low (<1) [ ]-1035-(-10) O
- 2, Loy (o el (15 - (-9.99) - (-5) Scaled by total irrigation water withdrawals
I 3. Medium to high (5-10) [ (-4.99) - 0 [ | Groundwater withdrawals
B <. High (10-20) B 0.01-3.04 [ | surface water withdrawals

I 5. Extremely high (>20)

[1] Groundwater stress index from Gleeson, Tom, et al. "Water balance of global aquifers revealed by groundwater footprint." Nature (2012), GIS layer from world resource institute, Aqueduct

Ogallala aquifer



PMI value for embodied GHG emissions

Canada

Atlantic
Ocean
PMI values for embodied
GHG emissions to Texas

[ (-1068)-(-10) Distribution of pumping fuel used R
] (9.99) - (-5)

. : . s )
- (-4.99) - (0) . Scaled by GHG emissions intensity per m*® of water withdrawn

Bl ©0o01)-7)

- Electricity based pumps
- Natural gas based pumps
Caribbean Sea
- LPG gas based pumps
- Diesel based pumps
- Gasoline based pumps




Conclusions:

Energy is the basis for all actions and activities

Most of the energy we currently use is from non-
renewable resources (coal, oil, natural gas)

Each energy source has a different target use

Transition to renewables will address environmental
problems but will be difficult to scale to our current rate
of use

Oil for transportation will be the most difficult to replace

We recognize better now the clear interdependencies
between energy, food supply, and water use.
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