Topic of Discussion

“Stabilizing Climate:
Shifting to Renewable
Energy”

Presented by
Plan B Project Team

Plan B 4.0: Mobilizing to Save Civilization
by Lester R. Brown
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Renewable Energy

Energy that comes from continually

replenishing sources.
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The Renewable Potential on Earth
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Why Should We Change to Renewables?
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Why Should We Change to Renewables?
Cheaper Costs

Renewable Energy Cost Trends
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Why Should We Change to Renewables?

More Than Enough Supply
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How to Quantify Energy

Energy - Joules
1 Joule 1000 Joules

1 meter 223.7 Miles per Hour

>

1 Grape

~14.000
Joules



How to Quantify Power
Power (Energy per unit of time) - Watts (Joules per second)
Standard american unit of energy - Kilowatt hour

(number of watts or kilowatts used in one hour)

1 kWh
® 36.7=kWh

Energy an average human in

3,6()0,000 Joules the US uses in a day

(~250 Grapes)

~1.3 x10% Joules
(~9000 Grapes)

Enough to run a Smart eectric Drive for ~1 0min

Source: Worldbank 2010




Our Renewable Resources




World Solar Potential

Global irradiance worldwide
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Solar radiation map is based on values of Meleonomm (www. meleononm.com). All information is subject to change.
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World Solar Potential

In only 88 minutes,

the SUN provides enough Energy to

power the World for
one entire year.




World Solar Potential
World Energy Consumption 2010 = 17,500 TWh

17,500,000,000,000kWHh

Antelope Valley - PV Power Plant = 623 GWh
2,100 acres

623,000,000kWh

Another 22,000 Plants like this are needed
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Solar Thermal Energy for Our Homes

Solar collectors absorb energy
from the sun and transfer the energy
to the Energy Pack

Solar energy will supply
hot water for your
sink and dishwasher

Solar energy will supply
hot water for hydronic
space heating

Solar energy will supply
hot water for your laundry

' - Solar energy will supply
- ‘ ; hot water for your hot
baths and showers

-B Source: Radiance Solar




Most Common Types of Thermal Capturing

Direct Plate Solar

Active Open Loop System Towe r
up to 250°F (120°C)

Up to 1850°F
(1000°C)

Parabolic

Up to 750°F (400°C)
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Solar Photovoltaic (PV)

Taking sunlight and directly turning it into electricity

positive layer



http://www.youtube.com/watch?v=x2zjdtxrisc

Mono-crystalline Poly-crystalline Amorphous silicon Thin-film (Other)

Type of Solar PV Cell Maximum Achieved Efficency (%)
Monocrystalline Up to 27%
Poly-crystalline Up to 20.4%
Amorphous silicon Up to 13.4%
Thin-Film (Other material) Upto11.1%
M talline Amorphous
onocrystaiii . g -
_ M » Made from a thin film of Silicon
Made from a single crystal of Silicon . . :
_ Thin-film (includes organic solar
Polycrystalline

cells)
Made from multiple crystals of Silicon s~ qe from a thin film of other materials

Source: NREL - National Renewable Energy Lab




PV Power Plant

3,700,000 PV I\/id)duls
Electricity for // |/

People




Home: Solar Energy

Active, Closed Loop Solar Water Heater

Hot water
Flat plate —=to house
collector - Cold water
supply
Antifreeze fluidin————— A
collector loop only i

——Solar storage/
n backup water
— == heater
— Double-wall
Pumpil_[@L/ heat exchanger

Solar heating - Getting
hot water for homes

Grid Tied Solar Electric System

Solar (Photovoltaic or PV) panels
turns photons from the sun

The AC electricity you into DC electricity
do not use is sent

back to the grid

O

Micro-Inverters mounted on each
PV panel will convert the DC
voltage from the PV Panel
to voltage suitable for your home.

i

Home Solar panels - Create your
own electricity and "sell back”

excess energy

Source: ENERGY.GOV




Wind Power

! How Wind Pq!g_m:s"’-fﬁ—l%'ine Aerodynamics

Converts the
kinetic energy ﬂofy P 4

of the wind into

mechanical energy
then

into electricity.

L— \’\4_; o
) /

[



N
O
o

N
o
o

—
o,
o

100

W
o

0

Global Cumulative Capacity (GW)

Global Wind Power
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(Data:GWEC)
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Cumulative Installed Wind Power Capacity in Leading
Countries and U.S. States, 2012
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Types of Windmills

Horizontal Axis Wind Turbine Vertical Axis Wind Turbine
(HAWT) (VAWT):
Rotor
Diameter
% «— Rotor
A
Gear Box
Rotor RoIor
Diameter Rotor
T Generator Height
ok +«— Tower ]k
Height Tower Hub
Height
— Gay Wire l !
Gear Box <«— (Generator

100 kW — 10,000 kW 1 kW - 30 kW

Source: How Stuff Works




How does a
wind turbine 5
work?
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| 2 . Rotor & blades
= . spin the main shaft (C)
s o and gearbox (D),
Inflow of wind which spins the
Inflow of wind activates rotor (A) generator (G), resulting
& blades (B] in electrical output

Source: CCEDC




Small Scale Example

Wrigley Hall
at

Arizona State
University

Using small scale HAWT Sl
to help support this
building Iin sustain a

green outlook.
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Largest Offshore Windfarm

London Array UK e e e J
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Geothermal
Obtaining heat from the earth

to heat and power our lives.

Enough energy (theoretically) in the first 6 miles of
earth to power the world 50,000 times over.

TEMPERATURES IN THE EARTH

Temperature Depth in km
in °C (°F) ] (miles)

jznnm
(1250)

B 4000

;{25ﬂn)

Ll 6400
(4000)

Modified from Geothermal Education Office




Geothermal Power Plant




Dry Steam Power Plant

Different types of S Q
Generators i ol

Direct Dry Steam Generator e lem =
- Steam goes directly to generator. Fash Steam Power Plat

Flash Steam Generator

- Fluid is sprayed into a tank held at a much
lower pressure than the fluid, causing some
of the fluid to rapidly vaporize, or "flash."

Binary Cycle Generator e
- Hot water flows from the pipes from the AR
earth and heat up water in the plant to : L&
steam. P=pi

Source : Energy Almanac (CA) 2 JLEEREon v Injection —




Purpose

e, STe4

Electricity
Generation

' Steam and
t hot water

Cold water
l pumped down

Direct heating or
cooling

SUMMER WINTER




Heat and Electricity

Geothermal Combined Cycle Power Plant
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Example
California

California Power plants:
Combined for over
2,500 MW of Power and

13,500 GWh of Energy

almost
5%
of the entire Californian

energy demand
— |

-




Hydro Power

Harnessing the kinetic energy found in the motion of
water within various areas

Probably the most polar renewable energy source
in the world




Hydroelectric Power

Hydroelectric Power R

1 For a run-of-river plant,

water flowing downhill
is diverted from the river
into a new channel

T A hydroelectric power
w7 plant uses water to turn a
turbine,

which then turns a metal
shaft in an electric
generator.

Traditional
Hydroelectric Plant

The electric generator
produces electricity.

Water flow turns
turbine blades

s
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£ 3 Power
[

Water flows back
into the river

Source: Renewable Green Energy Power




Pump and Storage Power Plants

Both generating and storage energy...
... Which is really important for the future of energy supply

UPPER RESERVOQIR

Source: ESKOM




Different Types of Turbines

Reaction Turbine

- such as Kaplan & Francis Turbine

Reaction Turbine

- ]
Impulse Turbine

Source: EERE



Tid_a_\l Turbines

(CcOMCT Ltd 2003

Source: Renewable Energy Study




HJoover Dam - Nevada

4,200,000,000 kw




World Largest Water Power Plant
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World’s Largest Water Power Plant
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http://www.youtube.com/watch?v=FUo8hrA0CEU

Biomass
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http://greenrenewableenergy.org/tag/guidebook/

Biogas Gasification

Simplified Biogas Diagram

M—) ¥y

Landfill Biogas
Gas Engine

westock Waste
9 - 8 ?as

t B

Household and Green Waste Anaerobe¢ Diges
(Organic wastes eve-d&c'v‘:msed l:v Methane Germ) Electricity Heat




How It Works: Biomass Gasification

BIOMASS GASIFICATION

TRANSMISSION & DISTRIBUTION
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Benefits Regarding Biomass

While still releasing carbon emissions
into the atmosphere, Biomass is
beneficial to society by:

o Releasing a small amount of
carbon compared to fossil fuels -
nearly ZERO

e Itcanrun 24/7 unlike many
renewable resources

o It finds use for items that
regarded in society as waste.




Small Scale Example
Fireplace




Large Scale Example
Lutosa Potato farm
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| Potatoes chosen w;th wsmn prepared w;th pnde’ ﬁ,.l

In Belglum LUTOSA Potato farmshas one of '
the largest biogas plants in Europe.

Creates over 5,920,351 kWh per year
Power to over 2000 people from Waste.




Cogeneration - Combined Heat and Power

ﬁ Steam or Hot Water — Cooling/Heating

Unit

Hot Exhaust1k
Gases

Bunldlng

Electricity "
Generator@ Faculnty
Grld

Source: C2ES

or
Turbine




Cogeneration - Combined Heat and Power

Cogeneration

35¢ Power

45¢ Steam
or Hot Water
Gas Engine 20 Waste Your Facility | mesment $14%
or . Energy S .80

Gas Turbine 0 the Waste $.20

ervonmen 80% EFFICIENT

$1.00 Natural Gas

This technology is very important for both
- fossil fuels, such as Gas Turbines
- and renewable Resources




Masdar city



http://www.youtube.com/watch?v=MCAB0g55lQw

"To truly transform our economy,
protect our security, and save
our planet from the ravages of

climate change, we need to
ultimately make clean,
renewable energy the profitable
kind of energy.”

- President Barack Obama




Schedule of presentations: 5:30 pm - 7:30 pm

Date:Thursday Topics

June 20 Selling our Future

June 27 Population Pressure: Land & Water

July 1 Climate Change & the Energy Transition

July 18 Stabilizing Climate:An Energy Efficiency Revolution
July 25 Stabilizing Climate:Shifting to Renewable Energy

August 1 Designing Cities for People
August 8 Eradicating Poverty & Stabilizing Population

August 15 Restoring the Earth

August 22 Feeding Eight billion People Well
August 29 Can We Mobilize Fast Enough
September g Summary & Priorities
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