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Boom and Town A forest of derricks rises beyond a Signal Hill, California,

neighborhood in this photo
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from the June 1941 National Geographic. Oil had been discovered

there just 20 years earlier. The caption accompanying this photo notes: “If one man drills
and strikes oil, his neighbor at once drills, too, lest the first drain the pool.” Today the area’s
Long Beach oil field is much depleted, but it still yields more than a million barrels a year.

According to John Huff, an

engineer for California’s Department of Conservation, extraction

technology has moved on to more efficient pumping units. Huff's team at the Division of Oil, |
Gas, and Geothermal Resources placed this photo's scene at the corner of present-day
Dawson Avenue and Village Way. Some of the houses pictured are still standing, but no
derricks compete with the palm trees there anymore. —Margaret G. Zackowitz
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Oil
{ Advantages Disadvantages
Large supply Many reserves are offshore and
difficult to extract
High net energy gain High CO, production
Can be refined to produce many Potential for large environmental
different fuel types damage if spilled
Easy to transport Rate of use will use up reserves in
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near future
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Qil rig
anchored to
seabed

Directionally
drilled wells

Oil bearing
rock

Oil and natural gas reservoirs are found using
a number of techniques including echolocation,
i gravitational and magnetic fluctuations, and
geological surveys. A well is drilled once a
t  reservoir has been located. Steerable drill heads
allow multiple wells to be drilled without having to
move the platform.
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This is a simplified graphic of the automotive fuel cycle.
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The Marcellus Shale
Since 2005, in Pennsylvania
zlone, more than 5,800 wells
have been drilled into this
mile-deep shale. At press time
; New York was debating an
©Dover end to its drilling ban.

DELAWARE == Gas wells or well sites

(drilled or permitted)
Multiple wells in darker shades
Well

VIRGINIA

KY. % Urban area
: ek Ol 2 State forest or
Okm 50 federal land
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FEAR OF FRACKING

A key technique in shale drilling is hydraulic
fracturing, aka fracking. A fluid mix of water,
sand, and chemicals is pumped down the
well at high pressure, creating fissures in
the shale that let gas flow into the well.
But the whole drilling process may also
create pathways that allow gas or chemi-
cals to pollute drinking water.

Wastewater

Leaky ponds i

Contaminated wastewater
from fracking is often stored :

in surface ponds, which can
overflow or leak, polluting
streams or groundwater.

e S Water table

Fauity wells

Wells are reinforced with
steel casing and sealed with
concrete. But poor cement-
ing can leave gaps that
allow methane or fracking
chemicals to contaminate
drinking-water aquifers.

How to confirm there’s methane trapped in an Alaska lake: pierce a pocket of ice
with a spear, dangle a lit cotton swab over it. Escaping methane will create a flare.

S

METHANE EMISSIONS (global estimates) {0 T

Human activities account for roughly three-fifths of methane emissions globally. In the /
U.S. the fossil fuel industry is the biggest emitier. surpassing livestock and manure.

NATURAL* 41%

HUMAN INFLUENCED 59%

Wetlands 29% Lakes5 | Animal agriculture 21% Natural gas and Waste Rice 6 Other 2
- oil systems 13 disposal 10

Wild animals and termites 5 Coal mining 5
Oceans, estuaries, and rivers 2 Biomass burning 2

Fissures
Fracking fissures might
connect to natural ones,
allowing pollutants to
migrate. Whether they'd
climb thousands of feet to
shallow aquifers isn’t clear.




1 DRILL

A well is drilled nearly two miles
down, then curves at the bottom
and runs into the Bakken formation.
The Iverson well (right) used 350
pieces of pipe, weighing 87 tons.

DISPOSAL

Waste pools are

prohibited in North

Dakota. Trucks = =

haul away waste Cement and steel casings are
inserted 10 guard against seepage

fluid and pump it
into deep wells.

from the pipe into groundwater.

CAUSES FOR CONCERN?
The states. not the federal government,
reguiateﬁa:king, so procedures differ

AIR QUALITY LEAKY PONDS across the country. Well locations,
underiying geology, and whether oil or

natural gas s the target also affect the

. procedures. Worries about fracking vary
to0. One main concern now is that gas
leaks worsen air quality. The long-term

UPPER BAKKEN (SHAI

IVERSON 21-14H
WELL

b

FAULTY WELLS SPILLS conseguences of fracking are unknown.

The wellis --------- .
more than
seven Empire
State Buildings
deep (1454
feet each).

THE BAKKEN FORMATION

In this oil-rich formation, the
well descends through shale,
en travels horizontally
through sandstone.

R BAKKEN (SHALE)
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Frécking the Prairie

There are three basic steps in hydraulic fracturing, or fracking,
the pumping of fluids at extreme pressure into rock deep be-
neath the Earth’s surface to extract the embedded oil. The oil well
depicted here is the lverson 21-14H, in western North Dakota. It
plunges 10,500 feet to frack sandstone and shale in layers of rock 3
called the Bakken formation. The area produces some 660,000 0.5% CHEMIC

barrels of oil daily, which has created a boom for the state but Additives, ma =e

has also given rise to concerns about the environmental costs.

3 FRACTURE AND OIL FLOW

Fluid is pumped under high pressure down the well and into the rock to
the end of the pipe, fracturing the rock in stages to release the oil. Two
methods are used, with the sliding sleeve (below right) employed first.

PERF GUN FLUD  PLUG

PLUG AND PERFORATION A plug
blocks off a section of pipe, and a
“perf gun” blasts small holes in the
sandstone (A). Fluid is pumped in at
high pressure (B), releasing the oil.

: PLUG AND <|»> SLIDING
PERFORATION SLEEVE

These small buréting lines
indicate fissures caused
by the fracking process.

used to inhibit
growth, minimize on,
and increase viscosii;

WHERE DOES THE
USED FLUID GO?

800% DISPOSED OF
Most is pumped into injec-
tion wells at least 2,500
feet below potable water.

20% RECYCLED

PRODUCTS USED IN
LIFE OF ONE WELL

2 MILLION GALLONS
OF WATER

4 MILLION POUNDS
OF PROPPANT

350+ BARRELS

FLL.JID BALL éLEEVE

SLIDING SLEEVE Plastic balls are Fracking fluid expands cracks
forced down the pipe, pushing open in the rock, releasing oil, which
sliding sleeves to expose holes in flows back up the well.

the pipe. Fluid shoots out through

the holes, fracturing the rock.

OF CHEMICALS
g b4
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Advantages

Disadvantages
Huge supplies (at least 500 yearé worth) High CO, production when burned
| High net energy vyields. High particle pollution from soot
Can be used to produce syngas and converted | Low grade coals produce high pollution and
to other fuels (e.g. gasoline). contribute to acid rain '
Relatively easy to extract when near to surface | High land disturbance through mining
Important in industry as coke (reducer)

!
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o & ENVIRONMENT
1 Every few years, lawmakers must renew
the Hazardous Waste Trust ‘Fund, a program
overseen by the Georgia'Enviro'nmental Pro-
tection Division that pays to help clean up
brownfields and toxic sites. Since 2004, how-
ever, state lawmakers have redirected much of
that cash to pad the state budget and fund pet
projects. That’s not because the state doesn’t
have any hazardous sites. According to a July
report from the EPD, there are currently |
more than 550 pieces of property on the list.
More than 50 of those properties are located
in Fulton County. Lawmakers are just more

comfortable letting foul pieces of property fes-

ter rather than raise revenue to fix the budget
shortfalls. When the trust fund comes up for
renewal this year, political observers predict
that lobbyists for local governments and en-
vironmentalists will push for the program’s

funds only to be spent on their stated purpose.

Like last year, state lawmakers will surely try
‘and preserve the fundmg flexibility they enjoy.
In add1 on, some lawmakers are expected

- to raise hell over how much Georgia Power

customers should be on the hook for cost

overruns of two new nuclear reactors at Plant
Vogtle. In 2009, the General Assembly passed
a bill allowing the utility to charge most rate-
payers (big business’s lobbyists carved out an
exemption for their clients) in advance for the
new reaétors, the country’s first in decades.



; ' Advantages Disadvantages
Large potential fuel supply High start up costs :
MCLEAR POW EK Little fuel is needed so supplies last a Disposal of waste presents major
e 1 AR R | long time technical and environmental problems
Low air pollution (low CO, emissions) Risk of catastrophic environmental
= = ; disaster if accident occurs
Little land required Technology can be adapted to develop
nuclear weapons
Large amount of energy generated Potential terrorist target
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Nuclear Fission

“Nudeae Eneray is generated mostly
- Prom Uvaniwm orough FisslON —>
9Ph'+iinjﬂo¥ nucler oz atoms vesulhry
11 tharareact ont That genersht o
ok of heaté Jights This et
bols waktr do sleam 4o dnve
qunerators

N rg:\hamuvn | . Eewy

; ‘)05 )h (R4} ~ The energy in a nuclear reactor comes from the
. y splitting of a plutonium or uranium atom. Part of
NQ\J MQX\CI) ‘1 the mass of the atom is converted into energy. The
: : * energy released is used to heat a heat sink (wateror
V\l\w m ,ﬂj A a metal or molten salt) surrounding the reactor.

' The energy produced by nuclear reactions
is enormous. Uranium subjected to fission
produces around three million times as
~ much energy as an equal mass of coal.

However only a small percentage of this
~ energy is used in nuclear power plants.
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What Is It?

i

Ll Iéecyéw( |

The“Gove‘rnor’s Energy Ch‘alle_ng,,e helps Georgians
conserve energy and save money.

: Bug 1(1 1§ M N 4Ij Who C?n Tal_(e.The }Chal‘l}engre 2
: s g All Georgians are invited to take the Governor's Energy
KI liU ul W PDF W i Challenge and reduce their energy use 15 percent.

Mkt ak)

i

Residents
A 7 e Find the best ways to save energy
i : , E , 4 |’ e Save money on your monthly gas and
il electric bills
e Increase your home's value and
resale potential

? Schools

. e Set a positive example for your students
e Teach tomorrow’s leaders to be more

; . conscious of natural resources

S e Save money on monthly gas and
electric bills

Businesses
e Attract customers who prefer
conservation-minded companies
¢ Help the state improve its national
energy efficiency rankings
i e Save money on monthly gas and
R s : electric bills

| : Local Governments
e Support the Governor by matching the

state goal
e Lead the challenge in your community

e Save money on monthly gas and
electric bills

E_ ' How Do | Pledge?

' E i ‘ Visit GovemorsEnergyChalIenge.org. Use the easy,
interactive calculators to help reduce your energy
use by 15% with no-cost, low-cost, and longer-term
options. Your pledge will also help Georgia attain

3 3 national recognition for its conservation efforts.

, . GOVERNOR’'S
‘ ENERGY CHALLENGE

¥
i Printed on 100% recycled paper using vegetable-based ink.
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Often inefficient

Biomass Low Medium Readily available resources
Geothermal High Low No-low emissions Few accessible sites
_ Hydroelectric Medium Low Medium to high net energy gain ver flogaﬁil;ir%ions as
Solar High High Can ﬁ: ?nrgi?:iggliable Large amount of sunlight ni
Wave/Tidal High High No emissions Few dependable sires
Wind Medium Medium No emissions Not fully dependable
Coal Low Low High net energy gain High greenhouse emissions
Natural gas Low High High net energy gain High greenhouse emissions
Nuclear Low No emissions }

Radioactive waste

]
s

High




*M
05-{~y dly grwing-sour ¢ mpe temiity)
N\ND PONEK_“ *gm,ﬁhﬂm 5/ WIND ’LV
lA—\’L vodhia N z Smw\c\ Surbeee Wﬁ/@a\

Has bten wied Bo ¢ many years Lr mechanicl enevay

(WNWPAW’\% Mmachiaeey) . To&c\{, anh e)LdY\cv)‘\(

* J004: Power outPuct vworlkw de mew:nd— .57 o Energy
| ooy rapdly 1 po pelanty smce.

Hw(y\LSsK he g of W{

Gearbox maintains
constant speed of
rotation in the driveshaft

Rotorshaft

7\‘1‘% obbon Gover arge areas of
- and, bw{"f\/\rlow} an alcs be

dm\t,md to apcmk onismal|
seale ¢ afse.
- Largesthurbing= 100 Mw

— Generator

Driveshaft

Gears controlling
turbine yaw

Adjustable blades
optimize the energy
gained from the wind

Production of visual and noise pollution ‘
|

Disadval

“& \Aépf M \ayqeﬁ- Advan tages o

No emissions
Little ground disturbance during or after | Requires steady winds

Ca){w \ VL %\&V DM(O construction
Compact and transportable to most Can interfere with the flight paths of

locations flying animals

Can be located in many areas (even Much of actual cost to user is repaying
|

R OvgprAn | Tk 1= \
O\L,Y enevg\{ Mm Hr' Back up systems required in low windi\ |

T

Atso, Can sheehee 1 and

W] a0y y




| KOMK 5

Bressing the frisions o8 Jouis of enersy Prom e Son porddl{.

I hplewngs b pag tre this vheryy

GmmH\(, most lavge scale puthody itk CoNCENTIZﬁT INGr SUNLAGHT
‘v WeATa ALMID [whwk'furmwahrh Skam) e

50 [ar Power Stations include (gnbeal Recsiver Syskem
¢ PARABOLIC PISHES.

-

VM!’ Taw«)

Amvg spud: lhghert sun w4

edinolo
;pl$b_1b fed RecovecSyskms /72//)

[trol Recaivar g tutin ' >

| §v,ar (onds

-Use Parabolic tyoughs to fhcus hsht i 1 beam. &
'L:yh#&tam hatr o1l in a prpe = Uil wah tazo

Pagabolic Reblech ¢ Pohes : >
~ focus gt divecHy +» a Stirling engine at
e dush »Qu/pim‘f((bnuzkdb dges
gerurakor) | f
= Dishes move o fallow Swn at mos+ ethaat X 0 :‘f‘ f Gentat receiver N

tower

= Wes Mervors /He/laﬁla'rs) hﬁcw ray[/‘p
 (entved ower f
- owused Light heak Hz,o o mo/hn ;a//x <
is purpeh o rake skeam.

Pwduu Phevmat grodient (n a pool

HV" ) pwm)d ialy Juat (xchangor
7 vt turb I




e 1
ol Lok Dol - Podse ety duectly b bt B

- Ny emyssims oc feel (ost athe 10s |

= Pntrey @n bt uied 1ommed- w0 T

Elechm}?y is pwduied when & phiton
of [ignt hits & semi fonductor (it Sl'lth
and Kiocks qn electron [pust.

M elechrn it Caphered ¢ faned ot
in one diecb10n ppuyd @ Civomet = DE

LomenrdPaeney of solgr cells = HO

. . —

Disadvantages
Ground shaded by large solar panels
Back up systems required

Large land area needed for commercial
scale production

Advantages

.ow or no CO, emissions
3elatively high net energy gain

3mall photovoltaic cells are portable and
:an power many applications
Jnlimited energy source during fine weather | High sunshine hours required

High start up costs
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a New Ccrop =
of biofuels.

. Pousscd o

We're M= e
harvesting ..

Fthanel

To help meet the world’s demand for renewable
transportation fuels, BP is partnering with DuPont
to develop an advanced generation of biofuels.

The first of these, biobutanol, can be blended in
gasoline or coblended with ethanol and gasoline
and can be made using locally grown crops such as
sugar beet, corn and wheat. This new fuel has the
potential to lower overall greenhouse gas emissions
while reducing dependence on oil and expanding
agriculture markets.

It's a start.

bp

beyond petroleums
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Gasohol Biogas ;

3asohol is a blend of finished motor gasoline containing alcohol

nerally ethanol but sometimes methanol). In Brazil, gasohol

 Advantages
Cleaner fuel than petrol
Renewable resource

Creates many jobs in
rural areas

Disadvantages

+ Ethanol burns hotter than petrol
so petrol engines tend to overheat
and they need to be modified

 Fuel tank and pipes need coating
to prevent corrosion by ethanol

* Fuel consumption 20% greater
compared with petrol

Sources of biomass for ethanol production

Sugar cane (ethanol is produced in this way in Brazil).

Corn starch (in the USA). .

Grass, certain wastgmaterials (paper, cardboard), and from wood.

- Fast-growing hardwood trees can be treated to release cellulose. Once
~ released, it may be converted to simple glucose by hydrolytic enzymes

and then fermented to produce ethanol.

sists of 24% ethanol mixed with petrol. - - - =

Methane gas is produced by anaerobic fermentation of organic wastes
such as sewage sludge at sewage waste treatment stations, animal
dung, agricultural wastes, or by the rotting contents of landfill sites.

Stages in methane production

Saprophytic bacteria
(facultative anaerobes) Biogas
break down fats, proteins,
and polysaccharides.
"g" — Biogas
Acid-forming bacteria Methane: 50-80%
break down these CO,: 15-45%
monomers to short- pter e bW

chain organic acids.

v

Methanogen bacteria
(strict anaerobes)
produce methane gas.

Small scale
fermenter
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Ethanol reduces harmful tailpipe ! |
emissions and air pollution. Just as
important — it reduces our dependence
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crops and process them right here at - RioDIESEL ( Subshitube foaliesel “
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KEo __ Geothermal Power

Advantages Disadvantages

| Moderate to high net production of usable energy Few suitable sites
Moderate CO, emissions Easily depleted if not carefully managed

Low cost (in suitable areas) Noise and odour pollution

Low environmental impact if managed correctly | Land subsidence possible
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