Energy

Part 2



The Great Way, Wu-Men Huikai

The Great way has no gate;

There are a thousand paths to it.
If you pass through the barrier,
You walk the universe alone.




World energy consumption by energy source (1990-2040) ?‘
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Organization of Petroleum Exporting Countries
(OPEC)

* 1960 - Iran, Iraqg, Kuwait, Saudi * Mission ‘Coordinate and unify the
Arabia and Venezuela petroleum policies of its member
countries and ensure the
stabilization of oil markets, in order

* Qatar (19,61)’ Indonesia , to secure an efficient, economic
,(0‘19?,25)’ Libya (15198(25)7' tgﬁ United and regular supply of petroleum to
rab Emirates ), Algeria consumers, a steady income to
(1969), Nigeria (1971), Ecuador producers, and a fair return on
(1973), Gabon (1975), Angola capital for those investing in the

(2007), Equatorial Guinea (2017)

petroleum industry’
and Congo (2018)



 Energy Efficiency

Percentage of energy input retained when converting fuel to electricity

Coal 29% Ei!ﬁgis;'lt
il 31%
Naturalgas 38%
Biomass 52%
Solar 207%
Nuclear 290%
Hydro 317%
Geotherm 514% v .

e Most
Wind efficient

Source: Energy Points The Wall Street Journal



Number of patents filed for renewable energy technologies, World

Global number of patents filed under each renewable technology category per year. Note that figures for 2014-16
may be subject to a time lag; processing times of patent applications vary and some patents submitted over this
period may not yet be recorded in statistics. These figures will be updated with time if additional patent applications
are recorded.

u Other
= Marine
m Geothermal
m Hydropower
® Bioenergy
m Wind
Solar PV-Thermal Hybrid
m Solar Thermal
Solar PV
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https://ourworldindata.org/renewable-energy

Energy — The good, the bad, the ugly

* Advantages * Disadvantages



Nuclear Energy
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Uranium Fuel Cycle

F)—s —

Uranium ore is mined into yellowcake and then a gas, UF;

Pellets are putinto fuel rods  Enriched UF_ is converted Gas is enriched to increase
and used to make electricity  back to UQ and made into the amount of U-235

ceramic fuel pellets

Used fuel is stored In the future the used fuel may be reprocessed
at the power plant site ar stored in an underground repository

Uranium ore is milled Yellowcake is turned into UQ

Isotope Half-Life (Years)
U-234 2.455 x 105
U-235 7.038 x 108
U-238 4.468 x 109




Three Mile Island

Radiation emissions and cancer 1
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Chernobyl

CAESIUM DEPOSITION
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Radiation and the human body
In microsieverts uSv

Effects

Radiation dose of first responders to Chernobyl

Instant radiation dose - vomiting, internal bleeding,
death within 2 weeks

50% chance of dying within 60 days if untreated

Highest dose received by a worker at 2011
Fukushima disaster

Approx dose rate if you lived in Chernobyl's
"Red Forest" area for one year

Annual limit for nuclear workers in Europe

Instant radiation from a whole body CT scan
Annual natural background radiation in US

Approx annual dose above natural background in the
less contaminated parts of Chernobyl Exclusion Zone

Radiation dose from a London to Los Angeles flight
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EXPLANATION

Heat flow, in milliwatts
per square meter

Less than 40
From 40 to 60
From 60 to 100

Greater than 100
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groundwater

Natural heat warms
groundwater

Steam turns turbine
to generate electricity

Geothermal
well
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Power plant/
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1. Natural recharge of water from rain

2. Hot water produced by Earth processes
3. Steam to production well

4. Steam to turbines to produce electricity
5. Water is injected back into ground
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Locations of ldentified H
Favorability of Deep Enha

Geothermal Resource of the United States

rothermal Sites and
Geothermal Systems (EGS)

Favorabiity of Deop EGS
Most Favorabla

Least Favorable

B
1 Mo Data**

&  |dantified Hydrothermal Site (= 90"C)




: PROS AND CONS
Geothermal issues ~

e \Water use and contamination PROS CONS
e Air contamination Rellable source

of power

e Land use

Location dependent

* Emissions — Climate change

High initial costs

Usable for large and
small-scale installations

Surface instability

O
O
(D>

O
® -

https://www.ucsusa.org/resources/environmental-impacts-
geothermal-energy



https://www.ucsusa.org/resources/environmental-impacts-geothermal-energy

OW SOLAR WORKS

o Solar panels convert the
sun’s energy into electricity.

b

A control device changes this
e electricity, enabling it to power
electrical items.

The electricity then passes through
a breaker box to outlets in the building.

o Items such as a refrigerator and lamp
can plug into the outlets for power.

Mountain
&l Ererzy




Wind

Collectors
(Passive
and active)

©

Solar cells
(Photovoltaics)

Hydropower
* Micro (small)
* Large dam

®

Biomass
¢ Urban waste
* Agriculture

©

't

Electricity
* Homes
® Industry

* Agriculture

e

Heat

(water or air)
* Buildings
® Industry

* Agriculture

Fuels

©

¢ Alcohol
*Hydrogen

}

@ Produces most electricity from renewable solar energy

Rapidly growing, strong potential; wind and solar are growing at 30% per year!

@ Used today; important energy source

@ Potentially a very important fuel to transition from fossil fuels













Tengger Desert Solar Park — 1500MW - China







Solar

Pros

Free electricity

Freedom from rising utility rates
Adds value to your home

Lots of financing options available
Ease of use

Freedom Forever customers get
additional piece of mind

* Resources
* Battery storage

Cons

High upfront investment
Space requirements

Solar systems are hard to move






United States - Land-Based and Offshore Annual Average Wind Speed at 100 m

Wind Speed
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Wind Energy’s Share of Electricity Generation

15.8% 21 D:'

._::: II"I _.-r"'-
v | = NH 2.5%

| MA 0.8%
MI Ecad RI 2,2
46% == ~ N 102

| 'h 1.?“;'5____ NJ < 0.1%
T | oy
W E B ﬂl," | I N i | 1 -4% Ir o ) D E ﬂ " 1 F:'Iﬂ
, 087 |5.00% 8 WV MD 1.2%
L &L vya '

KY

TN 0.19% NCO.4%
SC
AL GA U.S. Total: 6.5%
FL

Source: ElA



mea Breeze

Heturn Flow
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Land Breeze




Warm air along 3

mountain slopes

Valley breeze from

high pressure area o

blowing upwards DK

@ eschooltoday.com

Warm air on
mountain floor
Mountain breeze from

high pressure area
blowing downwards

& eschooltoday.com






PROS AND CONS

Wind

CONS

Resources and
® Recycling?

%} Intermittent

@ Noise and
visual pollution

Some adverse
environmental impact

© Energysage
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PROS AND CONS

of hydropower

PROS CONS

Renewable
source of energy

Some adverse
environmental impact

Pairs well with

other renewables .

Expensive up-front

Can meet peak
electricity demand

Lack of
available reservoirs

© Energy>age



TABLE 15.1 Energy Policy: What Is Being Discussed

1. Promote conventional energy sources: Use much more natural gas, with the objective to reduce our reliance on energy from foreign
countries.

2. Encourage alternative energy: Support subsidies for wind energy and other alternative energy sources such as solar geothermal,
hydrogen, and biofuels (ethanol and biodiesel). Increase the amount of biofuel (ethanol) mixed with gasoline sold in the United States.

3. Provide for energy infrastructure: Ensure that electricity is received over a dependable modern infrastructure.

4. Promote conservation measures: Set higher efficiency standards for federal buildings and for household products. Require what is now
waste heat from power generation and industrial processes be used to produce electricity or other products . Recommend fuel-efficiency
standards for cars, trucks, and SUVs. Provide new tax credits to install energy-efficient windows and appliances in homes. Provide a tax
credit for purchasing a fuel-efficient hybrid or clean-diesel vehicle.

5. Seriously consider nuclear power: Recognize that nuclear power plants can generate large amounts of electricity without emitting air
pollution or contributing fo climate change (global warming).

6. Promote research: Develop alternative energy sources; find innovative wc:rs fo improve coal plants and help construct cleaner coal plants;
determine how fo safely tap into the vast amounts of oil trapped in oil shale and tar sands; and develop pollutionfree automobiles.
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