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Where humanity’s (02 comes from

Q1%  33.4 billion metric tonnes Q% 3.3 billion metric tonnes

Land Use Change 2010

Fossil Fuels & Cement 2010

Where humanity’s (02 goes
50% 26‘?{, o %
s L]

Atmosphere 200 land

>~ W 2010 data updated from:
@‘ Le Quéré et al. 2009, Nature Geoscience

Canadell et al. 2007, PNAS C02Now.org
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What’s a prudent target? Emissions paths for

stabilizing CO, concentration to limit AT,

Billions of Tonnes of Carbon

20 ,

average

15

10

-5

BAU (>6°C)
750 ppmv
650 ppmv
550 ppmv (~3°C)
450 ppmv (~2°C)
350 ppmv

\t i —

The path to avoid AT,, 4 >2°C (gold) requires much earlier, more
drastic action than path to avoid >3°C (green).
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Record Heat

Hottest years
in modern record

16 of the
top 17 have

occurred since

2000

Eiil WEATHER

“...We will run out of atmosphere before we run out of energy.”

-- Dr. James Hansen, NASA

Zachary Zevitas

\Where is global warming going?

Continents
2.1%

Arctic sea ice
0.8%

® Greenland Ice Sheet
0.2%

Antarctic Ice Sheet

0.2%

WIND WATER SUNLIGHT FOOD FOSSIL FUEL NUCLEAR
The Sun heats The Sun Displacement Chloroplasts in Old sunlight Al heavy
air mass, evaporates of electrons in plants capture captured by elements
expansion, water, rain fills solar cells = sunlight to form ancient plant created in
motion = wind reservoir, falling electricity ATP which life; burning stellar
water = power animals use as fossils = heat supernova
energy source explosion
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US Energy Flow 2014
(Quadrillion BTU)

Nuclear Electric Power .33

Renewable Energy ® 9,63
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Carbagniferoy re:
300 “Million Years A

‘_.

New York

Zachary Zevitas
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| Survive:
the Permian {
Extinction
and all | got
was this lousy
T-shirt

HUGE FORESTS GREW AROUND
300 MILLION YEARS AGO
COVERING MOST OF THE EARTH

THE VEGETATION DIES AND
FORMS PEAT

THE PEAT IS COMPRESED BETWEEN
SEDIMENT LAYERS TO FORM LIGNITE

FURTHER COMPRESSION
FORMS BITUMINOUS AND
SUBITTUMINOUS COAL

EVENTUALLY ANTHRACITE FORMS
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1880’s Technology - Steam Turbine

- Charles
Parsons

Tempest in
a Teapot

[[] Rawwater purified
for use in bodlers

Cold water
B Goidvaie

Zachary Zevitas
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Steam Turbine Development
A Matter of Scale

500 Megawatt Steam Turbine

500 MW Coal Plant

Produces 3.5 billion kilowatt-hours per year,
enough to power a city of 140,000

Burns 1,430,000 tons of coal

Uses 2.2 billion gallons of water and 146,000
tons of limestone
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500 MW Coal Plant

Released each year:

10,000 tons of sulfur dioxide - the main cause of acid rain
10,200 tons of NOx - a major cause of smog, acid rain.
3.7 million tons of carbon dioxide - major greenhouse gas
500 tons of small particles - health hazard

220 tons of hydrocarbons - incomplete combustion

720 tons of carbon monoxide - poisonous gas, GHG

125,000 tons of ash and 193,000 tons of sludge from the
smokestack scrubber - powdered limestone and water used to
remove pollution from the plant’'s exhaust.

225 pounds of arsenic, 114 pounds of lead, 4 pounds of
cadmium, and many other toxic heavy metals

Trace amounts of uranium - radioactive emissions are greater
than those from nuclear power production.

Emissions from Coal Use

Percent of U.S. Electric Projected Worldwide CO,
Industry Emissions from Coal Emissions from Coal Use

Coal ‘
84%

E. Europe & Former USSR
W. Europe
Coal 4 :
87% United States

Zachary Zevitas

Coal Use in the U.S.

A fist sized lump of coal produces enough
electricity when burned to run a 100 watt
light bulb for 10 hours, a 25 watt compact
fluorescent for 40 hours

The average household uses 900 KWH
per month. @1.25 Ibs of coal per KWH,
that works out to 10,950 Ibs per year for
electricity alone !

Considering all coal used in the U.S. each
year, 8,000 Ibs is burned for every man,
woman and child...

Airborne Particles in Earth's Atmosphere

“We don’t have a have an energy crisis, we have a combustion problem...”

4/16/2018
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Tall Stacks at TVA'’s Kingston, TN Coal Plant

Air Pollution & Health

Hospital Admissions
ER Visits
Pulmonary Deaths

Cardiovascular
Deaths

Northeast Pollution Transport

Air Pollution & Health

e Lung Function

e Lung Growth

e Inflammatory
Markers

= Blood Viscosity
& Irregularities
in Heartbeats

4/16/2018
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National Power Plant Impacts

Health Effect Incidence (cases per year)
Mortality 23,600
Hospital Admissions 21,850
Emergency Room Visits for Asthma 26,000
Heart Atlacks 38,200
Chronic Bronchitis 16,200
Asthma Attacks 554 000
3,186,000

Global Deaths Due to Particle Pollution = 3 million/year

Health Effects of Air Pollution

Health Effects
Pyramid neam
e
CHANGING
v .

< NUMBER OF PEOPLE AFFECTED i

Zachary Zevitas

Power Plant Deaths in USA

Power Plant Deaths Per 100,000 Adults

Ann MY, Acsd B 1SN 0077-8023

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES
sae: Ecoiogical Economice Reviews

Full cost accounting for the life cycle of coal
Paul A. Epstein,” Jonathan J. Buonocore,? Kevin Eckerle,? Michasl Hendryx,*

Benjamin M. Stout II,* Richard Heinberg.* Fichard W, Clapp,” Beverly May.®
Nancy L. Rieinhart,” Melissa M. Ahern,” Samir K. Doshi,'® and Lesse Glustrom™'

e

orderce: Pad A Ep 4 Carter for Mot o ow Erv
~'=v~{$500 Billion in Externalities in the USIM

idered “extrrnalities. We estimsate that the I

@ 5 public e half of s i . Many of these w-callnd

moreaver, camulative, the d ey doubl ples the p electricity from coal
1, sl 1, vl A other & 1 fued

i efficiemcy amd ehextri ervation methosds, ecomamically competitive. We focus on Appalschia, though coal

in d e United States snd in b d thi s the werkd,

Y CENTER FOR HEALTH AND THE GLOBAL ENVIRONMENT
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Mountaintop
Removal Mining

Zachary Zevitas 12
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Mine Safety

Business

ARCHAIC as Usual ?
WORKING
AND L
SAFETy | |\ 1907 = 3,242 Deaths
W2 prpcTicES 2000 - 2004 = 67 Deaths
) | 2006 = 47 Deaths

s .

Coal mine deaths spike upward

THEWALL STREET JOURNAL v

Home World US.  Politic Economy Business Tech Markets Opinion Arts  Life Real Estate

Toyuta Warss
Stronger Yen W 3
Drive Profits Dewn

Peabody Energy Files for Chapter 11
Bankruptey Protection

Coal company’s filing includes most of U.S. activities, excludes Australian operations

= Artna Wrigha
ling to Mew
L e
h_ Areas

-

%IGS com{-rnuTRUMP ¥
<Dl >

G >
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$1200 per Share to $2 per Share...

BIDNESS

The Investor Class is Moving Away from Coal and other Fossil Fuels
and to Renewables — “The smart money is investing in green tech”

FealFiaysr . Bl Wew By Feorkes Toos el (it} ®
Harvard University Center for thé'Environment Speaker Series sponsored by Bank of America

The Vital Role of Clean Coal in Securing
Our Energy Future

Steven Leer
Chairman and CEO Steve Leer, Chairman and CEO
Arch Coal, Ine.
Arch Coal, Inc.
www.archcoal.com February 3, 2009

o e |1 (Pose)
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Gr%en River

= —_ ~
II 1 John Prine %'&
7

John Denver
Jim and Jesse

And daddy won't you take me back to Muhlenberg County
Down by the Green River where Paradise lay

Well, I'm sorry my son, but you're too late in asking
Mister Peabody's coal train has hauled it away

“Paradise” by John Prine

14
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Coal Plants Affected by EPA Regulations
o The Associated Press reports more than 32 mostly coal-fired power plants will close

and another 36 plants could also be forced to shut down as a result of new EPA rules
regulating air pollution.
@ Click the icons in the map to view details for each plant affected by the EPA rules. Red

icons indicate at least one unit will retire; yellow icons denote at least one unit at a
power plant is at risk of retirement.
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Map of Proposed U.S. Coal Plants December 2015 (electric power plants only)

The map below shows proposals for coal-fired power plants as of December 2015

Map  Satellite &

QRIAHIO QUEBEC

¥ NORTH
WASHINGTON ¥ MONTANA I DAKOTA /) ne

MINNESOTA Ottawa Montreal [\
® o

M : SOUTH WISCONSIN Tt = Aame NG
OREGON' .| “io3n + s DAROTA MICHI o
WYOMING NEW YORK
{ oA Chicago MA
NEBRASKA | OWA s CIRI
) 7 i ILLINOIS oNlo | PENN
NEVADA S ; ) Unile,ﬂ:s |NDIANA g P iadeiphia
{ LAUTAW Lo s ¢ DE
COLORADO s WEST
San Francisco i . KANSAS  MISSOUR ;
£ 2 ¥ OURL VIRGINIA
17 " KENTUCKY. _VIRGINIA
CALI NIA
B efipLas Veges OKLAHOMA NNESSEE S HORTH
LosAngeles . ymizona N e
ego MEW MEXIC Dallas L0 CAROLINA
= LABAMA

TEXAS GEORGIA 2
\/ LOUISIANA =
~ o
Houston
- +
] FLORIDA

~ Gulf of
G I % Mexico
oogle % 4MG" Wap data 2016 Geogle INEGI 500 km

Any New Coal Plants Will Be with US for 40 Years...
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The Boston Globe

Massachusetts says
goodbye to coal power
generation

By Martin Finucane GLOBE STAFF JUNE 01, 2017

Once it was a giant with fire in its bowels, looming on the
horizon. Now the flames in the Brayton Point power plant in
Somerset have flickered out. The plant, which had generated
power by burning coal for decades but had drawn criticism as
a major polluter, has shut down.

The last coal-burning plant in Massachusetts, it generated
nearly 1,500 megawatts, enough to power nearly 1.5 million
homes. It was slated to shut down by midnight Wednesday,
and it has stopped generating power, a spokesman for the
company that owns the plant said Thursday morning.

4/16/2018

15



Beacon Hill Seminars - Climate Vulnerability - Weiskel 4/16/2018

Map: Proposed coal plants in I-ump:-' (Px(]u:hng Russia)
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Business as Usual...

e U.S. needs to build 100’s of new power
plants by 2030 to replace old plants and
meet increasing energy demand.

« World use of primary energy will reach 2.5
times the 2000 level by 2050 and 4 times
the 2000 level by 2100.

= World electricity generation will reach 3
times the 2000 level by 2050 and 5 times
the 2000 level by 2100.

COALergy Ad

o210 o =0 9

Zachary Zevitas

Pros and Cons of Coal Power

Pros Cons
Abundant Air Pollution
Secure Water Pollution
Transportable Thermal Pollution
Existing Infrastructure Acid Rain
Base Load Health Impacts
Climate Impacts
Visibility Impacts
Subsidies
Fossil Record

o ™

1T 1S NOTOM
POLLUTANT,
IT IS PLANT
FOOD
DEATH BEFORE
INCONVENIENCE !

4/16/2018
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Change in Temperature by the 2050s,
relative to present day, northern winter

Coal and Climate Change

CO, Emissions from Electric Generation

CO, Emissions by Sector
(by fuel source)

Agriculture

Transport
Natural Gas

Other 13%

Power
Generation

Source: U.S. Department of Energy

Greenland summer surface melting, 1992-2005

And in 2005, it accelerated
dramatically yet again

In 1992 scientists measured this Ten years later, in 2002, the
amount of melting in Greenland melting was much worse
as indicated by red areas on the

| sou@PReia, 2004 and CIRES, 2005

18
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Annual Sea Ice
Minimum Extent
1979-2008

BUSINESS

INSIDER SCIENCE

California governor: 'If Trump turns off the satellites,
California will launch its own damn satellite’

v
14,2016, 453PM A 54395

Califormia Gov. Jerry Brown gave a fiery speech
on climate-change policy on Wednesday, during
which he said, "If Trump turns off the satellites,
California will launch its own damn zatellite,”
according to The Los Angeles Times.

Brown was speaking at the 2016 meeting of the
American Geophysical Union, a prominent body
of scientists who study Earth and space.

In November, a top adviser lo President-elect California Gov. Jerry Brown.
Donald Trump suggested the incoming
administration would eliminate NASA's carth-

science programs.

Zachary Zevitas

theguardian

s word opinton  sports  soccer tech  ans  lestyle  fashioa = browse all sections

Cliate e Trump to scrap Nasa climate research in

crackdown on ‘politicized science’

i

151,786
Oliver Milman in New York

W @olliemiiman

WW Sea Level Rise

I o T
o B 3m
o[ Jim
B2 sea

0 10 20 40 Miles.

4/16/2018
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—-Charles River

ecPam

e-Viewing Boston by the Sea

R

Map shows coastline of the eastern
US after severe global warming
sufficient to melt the icecaps and
glaciers

The coastlines assume that ocean
levels have risen by 150 meters

Flood Events Have Increased

Floods

Source: Milgnrium Ecosystem Assassmant

4/16/2018
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Fosum Himalayan glaciers 'melting fast'
Sporlt  Chen Zhivers
N 30050574 0636

! This may rasuit in water shortages for hundrads of milicns of peapie
who rely on placies-dependant fivars m China, India and Nepal, wams EU.IIEHHHEHI
the World Wide Fund for Nature (WWF), the global corservation

organizatian.

Himalayan glaciers are among the fastest retreating glacars in the waorld
e to tha & af giobal warming

A riew W repart *An Cverview of Glacers, Gl
Subseguent Impac
glaciors are rtreating at a ra

ier Retreal and
als that Hmalaysn
0-15 matres par year.

*Tha ragid malting of Himalayan glaciers will first incraase tha valuma of
watar in ners causing widespraad flooding,” said Jannifer Margan, i
dractor of tha WWF's Glabal Clmats Changa Programma

“Dut ir 3 few deca

e this situation will changs and the watar laval in

mic and gnn
prabiems for people in westem China, Nepal and northe
Declining figures

The Qinghai-Thet Flateau i the most car
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rated glacial centre in
wiring an area of 50
quare kilematres in India,
squang kiometres in Pakistan, 5,322 squane kiametres in Nopal, and
43,873 square blometres in China,

Lower-Emissions Scenario
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Reo R,

Manowo R,
Inniwaay R

Himalayan Glaciers Feed 7 Major River Systems in Asia

Climate
Skeptics
Ighore
the Threat

4/16/2018
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y WHAT F 17

A BIG MOAYR AnD
we CReAle A BeTTeR
WORLD FoR NoTRING ?

Zachary Zevitas

" LIVABLE Cimigg
- Rﬁ“ﬁWﬁBL&s

* HEALTH
* €T, e‘l'c.v c“l%

*ENERGY iy

" PRESERVE Rouny
¥ AINABILL
GREEN sops-

FORESTS
JoBs

The

Poisoning

Of An

American City
o

v
N N
-

Sunday, October 23rd
4004 BC

Thoms Huxley

GETTING THE LEAD IN mﬁx:
Tests show toxic lead is leaching into Flint's

tap water, Here's how.
Liad poldar
Gopper pip connections, especiallyin
pre-1988 homes, can contain lead

Corresheewater:
Water Resarcihers burve found Pl water 1

1 w1
disinfects water
from the Flint River.

Sorvice linecc Pipes connacting water mang and
indeadual homes o busanecses. can te made of lad
Liead can leach directly from Ehe pips wall imo the water.

< “It's ridiculous to

have a $214 a
month water bill for
water that you
can’t use.”

—Ambar Hasan, Flint Resident
LIVING THROUGH THE FLINT WATER CRISIS

4/16/2018
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L ERS” - > 00

mogt pol _ ; 1872 Mining Law
*Enacted by the Grant Administration
Lease Federal Land for Any Use
*4 cents per acre/year
*Mining, grazing etc.

v ol /- clbg o Do ; S *No Requirements for Reclamation

Ja & abubblingewith:s . *Temporary Incentive to Settle the West
*Never Repealed
*Massive Environmental Damage
*Contaminated Land and Water
*Trillions for Taxpayers to Clean Up
*Pollution Based Profits

TO REFORM THE
1872 MINING LAW

Zachary Zevitas 23
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Biomass {1000s mt)

The Extermination of the
American Bison to 1889

“Anyone who believes in indefinite
growth in anything physical, on a
physically finite planet, is either mad
or an economist.”

— Kenneth E. Boulding

T T T
1850 1800

=T
1970 2000

4/16/2018

$ 3,660,082,886,853 by 2005
$8 Trillion by 2014

America spends more than $200,000 per minute on foreign ail
-- $13 million per hour...

$ Billions per Year to Import Fossil Fuels
$300 -
Iraq War
US Petroleum
$200 |
9111 . )
A’q n/US(Amump!mn
g
=)
$100 /\ u g 4
§ #‘\\US dvction
v
ZFacts.com e —
$0 T T T T T T . =
1900 1940 1980 20 200
Jan-70 Jan-7T5 Jan-80 Jan-85 Jan90 Jan-95 Jan-00 Jan-{ Year
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Tanker Fleet Saturated

Transfer of Wealth

300 New Skyscrapers to
be built in Qatar by 2018

Worth
the Risk?

Legal Ruling vs.
Regulatory Enforcement

QOil Spill in 1989
No Damages Paid
Case on Appeal...

Zachary Zevitas 25
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*Conventional Oil - 2 Trillion Barrels
+1 barrel yields 30

«Shale Oil - 3 Trillion Barrels of Oil Equivalent (BOE)
+1 barrel yields up to 10*

*Tar Sands — 2 Trillion Barrels of Oil Equivalent (BOE)
+1 barrel yields up to 7*

*Shale and Tar Sands also require 5 barrels of water
for every barrel of oil recovered

*Depending on the quantity of oil per ton of sand/rock
CO, released per barrel can be up to 5 times greater
than conventional oil

EVOLUTION OF RAIL INDUSTRY TANK CAR STANDARDS FOR CRUDE 0IL

The rallroad Industry Is proposing fo Increase the federal tank car design and construction standards for new tank cars used to
transport crude oll. This proposal comes after a previous upgrade proposal which the industry voluntarily adopted and has been
observing since October 2011. This graphic shows the additional tank car components Included In the latest rall Industry proposal.

4/16/2018
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Natural Gas Hydraulic Fracturing
Exempt from Clean Water Act Regulations...

Shale Gas Basins In The United States

Mowry  Gammon  gxceligMulky
\
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- (Livel
FORNIA GAS Y

Lobbying Return On Investment...

An Ordinary American Big Fossil Multinationals
Lobby for a corporate

Invests in one Lobbies for
BLUE CHIP STOCK | OIL SUBSIDIES TAX BREAK

ROI: ioarsest=s  ROI: ROI:

It 11% s=oes 5,900% 22,000%

1n 204, 93 US carpora

Big Pharma

Lobbles to keep
DRUG PRICES HIGH

ROI:
77,500%

President Bush created o
r

The companies spent 5283
for the mea-

ition
sure, which passed, Becasse
of it, they paid $63 billion
s59 ess i taxes. That's an ROt of

(The companies only spent
¢ i savings on new

Zachary Zevitas

r

peletie érug pc

I Medicare could negos
d

||
FTH

S,

N JAPAN
EIR ELECTRICITY

SASTER
ONS AT RISK

Fukushima
Daiichi

E=mc?

TheUniverse ismade of energy.

We do not
face an
energy

crisis

We face a
crisis of
imagination

4/16/2018
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Solar 23,000 TW

@ TidaloaTw

World Energy
consumption
{power demand of 16 TW)

Q@ Waveoz-2tw
@ Geothermal 0.3-2 7w

@ Hydroz-aTw

5.6-1.8..8.years

0 Biomass 2-6 TW

240 TW-yr
15 years

13:4 ye.elzré

Resources are Plentiful

Geothermal

Buildings Consume 39%

Of All American Energy

=

BUILDINGS
ARE OUR
#1 ENERGY

PRIORITY

4/16/2018
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Boston Convention Center Geothermal Systems for
Zero-Net Expansion Project Large Buildings

| ‘lu....

i|" {1 lil
gk

*QOver 500 ton capacity geothermal is cheaper
than conventional heating and cooling systems

Average US
House Size

1950
~1,100 sq ft

2015
~2,200 sq ft
212 STUART STREET

: 146,000 square feet

Millions of Square Feet of Residential Housing in the Pipeline
y for the City of Boston, MA - 50+ Large Projects by 2020

Zachary Zevitas 30
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Zero-Net Energy Home Conversions

= Design zero-net energy modular home additions with super
insulation, hi performance windows and doors, solar roof,
geothermal heating and cooling, excellent I1AQ etc.

Establish protocols to upgrade existing 15t floor single family
homes (ranch, cape, etc.) — add 1 foot insulated curtain wall
with new windows and siding, updated kitchen and baths, new
geothermal HVAC, electrical and plumbing.

- .‘-h_j-‘ -
a_— =

[ cuttingedgehiomes nat

]
H I ¥
¥ .
|
|

Charles River Reservation

™
Greenway Scenic Pedestrian Pathway DS’BE
- al

Database of State Incentives for Renowahles & Effcrency

DSI% AR

e

Information [T & s00 new solar

RPS Dats

Summary Maps

Summary Tables
Library
What's New?

Saarch

cuntomire |
DSIRE for your o
business
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A Nobel Prize-winning environmental
scientist and his -minded wife
create a cutting-edge solar house

Larsen Wall System

Ground

Source
sinkyloop | Geothermal
— Heat Pump

Loops

Open Loop

Zachary Zevitas 32
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FRANE LESLUES FOPUIAR NONTHEY

Ground Loop Geothermal
Heat Pump

DISPENSE WITH A HORSE

Steam Car

THE WINTON
CARRIAGE

The Stanley Stanhope Model No. |

“LOCOMOBILE”

is Ready for Delivery. Price $600.

Tt muakes the ownership of a *rig” possible (o thousands of_people

who cannot keep a horse because of the difficulty and cost of main-

tenance and the expense of a coachman, It requires no sanitary

arrangements, no daily, hourty care (none at all when idie), and the

few moments’ attention required when in use can be given entirely

X : % at your convenience and without 5o much as remaving your cuffs.
-

P feat Pump - Harvard University [ € 1046 [ 542 ) |~

i @ @—0—— @—=0—

Gar"aga ; : Electric -Car

+ Tested. O Carrages are not experi
Thoroughly Tested. e ey
three years built and tested. We have had chectric vebicles in
steady use for over twn years and have susceeded in perfecting a
cariage that is EFFICIENT, DURABLE, and PRACTICAL
B you are in New York during May doa't 1ail to sec our cxbibit
at the Electrical Exposition, Madison Square Garden.

Sosdbos PoisledWatier.  POPE MFG, 00, MOTOR CARBUAGE DEPT., Hartford, Conn

0 Real Guide (& 71 Music Stare

Lo 100% Electric
250 Mile Range
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= FORTUNE

14 Billion in Advance Sales

s Tesla’s Model 3
i Reservations Rise to
BESESEI Almost 400,000
ity o i1

APRIL 15, 2018, 3:30 PM ED
In Two Charts, How Amazaon s Killing
s Tradithonal Competitors & m

[ = | » | ¢ | B
s i : T s e

Tesla's Planned Road Map to
500,000 Vehicles?

350,000

190,000

60,000
10,000

e B R R B |

yesy 2450 3L6ss 30000 50000 45000 45000 45000 45000
2012 2013 2014 2015*%2016*2017*2018*2019%2020*

E ModelS & Model X Model 3

Zachary Zevitas 34



Beacon Hill Seminars - Climate Vulnerability - Weiskel 4/16/2018

Pump to Plug

Impact on Carbon Emissions:
Shift Focus and Concentrate on Generation Sites 1,000

Ashift to slectricity-
based vehicles would
meve the locus for
addressing carhon
emisslons from
millions of individual
wehicles o far fewer
centralized electricity-
generating plants.
Cantralling emis sians
hus begomas an
industrial task that is.
exsier technola gicalby,

> 550 km

800

600

> 400 km
> 225 km
400 > 200 km
200
50km 80km 100 km
O 1 1 4

Pb-acid Ni-Cd Ni-MH Li-ion Future Zn-air Li-S Li-air
Li-ion

Specific energy (Wh kg™

Price (USSkWh™) 200 600 900 600 <150 <150 <150 <150
[ |
Available Under development  R&D

o China’s Three Gorges Dam

was
dn“r:‘. the 4th The world's largest hydroelectric projsct.
quarter
D Cumulative Capacity histaryl in all of 2014, " M More than 1 million people
N have been resettled

W About 12 cities, 140 towns,
1,300 villages will be submerged
M Lake behind dam will be

410 mi. (660 km) long

.a\nwl|Clp.:|Ey Installations
m 101 Capacity Installations

.zo Capacity Installations

* 4TH QUARTER OF 2015 »

s 11, o =
DJQ Capacity Installations : 5,93 Wanxians. B\‘" gglang g;mg 5
4QcC, Inatallatio “’ = - e
apacity Installations Zhongxiane f’ Three Gorges Dam
¥ he - %

Changshou ®Fengdu
S ®*Fuling
Chongging

Dam’s dimensions
W Length

Fcng]le Wushan  xjing Gorge
8 ey

‘Wind Power Capacity [MW]

1.4 mi. 12.3 km),
the world's longest
W Height
606 ft. (185 m)
Energy production
85 billion kilowatt
hours a year by 2009
Environmental impact

e Threatened species: | Landmarks: Scenic
£222 Include Yangtze deep gorges, about
4,147 4557 dolphin, Chinese 1,000 archaeological
sturgeon, finless sites submerged
1 porpoise

Farmland: About
60,500 acres
(24,500 ha) of
farmland, orchards
flooded

2010 2011 2012 2013 2014

jonal Rivers Hatwort, Proba Intemational, World Almanac, Embassy of
Ghicago Tribune ®;

‘Source: Internati s
Republic of Ghina (US)  Graphic: KRT
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Vital Statistics:
Location:
Completion Date:
Cost:

Reservoir Capacity:

Dam Type:
Electrical Energy Production:

ISéep Enérgy Retrofit}' 5
And Zego-Net Energy Addition

Se

& .
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e T e o TG

Equivalent number of average American ho&s
powered in a year by current instglled wind

installed over last 5 years

oW T TR N YRS AT RNATOR, ' .- | A Vs ~
5 R g nceun L R | :
SO IR g S . : _ Total number of opeitl- g u

Number of U.S th @perating utility-
wind energy = :
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Massachuselts - 50 m Wind Power

™ ™ ™ w

Cape W NA" energy for Lite

WHERE & WHY

Offshore Wind in Europe  Cape Wind on Twitter Cape Wind News

Wed  Smoute 1
P Pt i
o=
w
P R Bolom 9w e
3 e ma ,, Y » o e U5 Deparimant of Energy
F =}
LR e |
* it e e B £ 0 Wil & vaan 820 " sy
—ir ] T — north american
HOME PAGE | TODAY S PAPER | VIDES | MOST POPULAR | TIMES TSMICE .
Otk : WINZPOWER
b Business Day

WORLD U.5. N.Y./REGION BUSINESS TECMNOLOGY SCIENCE MEALTH SPORTS OFINION Al

Global  DesiBiook  Markels | Economy  Energy

Recent Progress... _
.2_N(.:w l.:J.I.lgl'fmd Utilities Agree to Buy Wind Power Not Dead Yet: cape Wlnd Refutes
ooy Eoes e Claims Of Its Demise

by Mark Del Franco
on October 01, 2015

ROSTON (AF) — Energy companies Nartheast Utilities and NStar
have agreed to buy more than a quarter of the power produced by the
long-planned Cape Wind offshare wind faren as a condition of a
proposed marges, stats afficisls announced Wadnesday.

The announcement is a huge boost for the 130-turbine Cape Wind
‘project, which would be located about 5 milss off Cape Cod in

Nantucket Sound and aims to be the nation's first offshore wind = Categories | How & Hoteworhy
farmm.

(G| £ v+ R
The Cape Wind projoct has sold half its power to the Massachusests utility Natianal Grid
but has struggled to find buyers for the rest of the power, posing a major cbstacle to its

sfforts to secure financing. As part of the deal announced Wednesday, the combinsd Repons of Cape Wind's demise are net only greatly exaggerated, but they are
Northeast Utilities-NStar company would by 27.5 percent of the electricity Cape Wind asa patertly fabse, explans Dennes Dufly, wee presadent of regulatory affars for
produces under a 15-year contract.

& No Comments.

Cape Wind, the embattled 488 MW olfshare wind praject proposed off the coast

State Energy and Environmental Affairs Secretary Richard Sullivan said the agresment i of NarMucket Island, Mass
shows the administration's commitment 1o clean energy.

Sipeaking duning the developer's roundtable at the Amernican Wind Energy
Association’s recently completed Offshore Windpower 2015 conference held in

The agreement between the state and the utilities also calls for a four-year freeze on base
energy distribution rates and a one-time $21 millon eredit for ratepayers. Attorney
General Martha Caalder said the deal would save Massachusstts consumess an sstimated Battenore, Duffy 561 the record straight for attendees, many of whom assumied
$217 million. ) the project was dead following the lermnation of two power contracts in January.
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SAV E OUR SOUND

Jikalllance to protect nantucket sound

O tner EIWT

=CAPE WIND
THREATS

= NANTUCKET SOUND

Nantucket
Sound |

Breaking News

lliance to Protect

YEAR IN REVIE

Ranmantie Lnargy News: Bird Protections Craaste Lagnl Hurdbas for Caps Wind

Commuonualth Magatlig: Cope Wind Mounting Comeback; Jim Gordon says he's ready to compete

WEAN TRENDS

Bloomberg

Cape Wind

What Was Once Hailed as First
U.S. Offshore WindFarmlisNo
More

'+ Brian Eckhouse 11 Joe Ryan
Fri Dec 01 2017 15:36:11 GMT-0500 (Eastern Standard Time) ©
{Eastern Standard Time)

From Climate Changed

ar Sat Dec 02 20107 05:00:00 GMT-0500

= Caps Wind project halls development efforts, cancelsleass

real opposition, lost power contractsin 2015

= Faced strang I

%/ VINEYARD WIND

MARTHE
VINETARD

/ anTucKET

/ MAP KEY A

@ Power Generation

@ Energy Transmission

1l b ntalled

@ Connection to the New
England Grid

@ Clean, Safe, Sustainable
Operations

ding sie, che route will

Afier the

1k will be

Zachary Zevitas

Tidal Energy
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Wave Energy

Wells turbine turns in same direction
irrespective of airflow direction

Incoming wave forces
air out of OWC

-

Retreating wave sucks
air back into OWC

Zachary Zevitas

Duck rotates wits
nodding motion
2 wave passas

o

|

Mirrors focus the power of about 600 -sunson
areceiver at the top of the Soltcar tower.

A

LLT 25

; @ B ' o) E
4 r.‘ o gy Occen Eneray

Wave Power
Station

T .
Y ol

INCOMING WAVE

Power is |8
generated TE——————
on both ~~ .i
incoming
and
outgoing
waves OUTGOING WAVE

Ivanpah Solar Plant Towers

392-megawatt Solar Thermal Power Facility
being built by BrightSource Energy Inc

in the Californian Mojave Desert

4/16/2018
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awviro

ission clean green renewable energy 50 M | I I IOﬂ Rooftop Solar
Hot Water Heaters

EnviroMission - Developer of Solar.
Tower Technology

in China

Figure 7. Share of Existing Solar Hot Water/Heating
Capacity, Selected Countries, 2004

Is EnviroMission Closing In on $110M in 5 : Euronean Union 127%
Funding for Its Massive Solar Tower? B ’ g Turkey 90%

[T S — - Japan1.0%

Israel 44.%

Brazil 2.1%

United States 13%
Australia 1.4%

EnvircMission Reports Progress { > Is“:;:?n%mansx

On The First Solar Chimney In - Other 1.7%
India B

Geothermal Resource of the United States
Locations of Hyd
ility of Deep Enh

drothermal Sites and

(EGS)

Least Favorable

| I wiat
- [ Ha Dt s, MB=1
r »  Idanssed Hydrotharmal Sae (2 90°C) .‘o‘ NR=L

Zachary Zevitas 41



Beacon Hill Seminars - Climate Vulnerability - Weiskel 4/16/2018

— Geothermal Japan — solar panels

i g | on every roof in the
i neighborhood

=l

New Solar panel coating could improve

.
efficiency by more than 30% Solar on Fire
- " e TR R TR T e As prices have dropped, installations have skyrocketed.
r F : Price of a solar panel per watt Global solar panel installations
a4 v
$120 $101.05 64,892 Mw 70,000
100 60,000
50,000
80
40,000
60
30,000
AY 2 MEGAWATTS 20,000
20 10,000
0 0

1975 1980 1985 1990 1995 2000 2005 2010 2015°

“Extimate. Sources: Bloombxry, Earth Pelicy Institute, wew.earth-palicy.os

Down to $0.447 in August 2016
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5 UNSW ‘ Newsroom Solar Is Getting Cheaper, but Not Because of Panels

sunscaine PNDANEXPERT  CONTACTUS  PUBLICATIONS  FORSTARF
@  ALLNEWS  SCENCESTECH  MEALTH  BUSINESS & LW SOCIAL AFFAIRS AHT, ARCHITECTURE & DESKiN STUDENTS  GEMERAL  GPIION U.S. Residential Solar System Price
$9.00 2008-2012: 2013-2017.
System prices fall 39%, of which System prices fall 33%, of which
$8.00 86% comes fram modules 6% comes from modules
UNSW researchers set world record in SanLAR ARTICLES
solar energy efficiency PIM's glotal ‘snout-out for $7.00
- . UNSW's world-leading solar
40% Efficiency  r=r _ 000
Errd &)
Solar engineers from UNSW's Australian Centre for Advanced UNEW solar shines In new % $5.00
Photovoltaics have set a new d in solar energy i A AREMA RED funding @
achieving an slectricity conversion rate of aver 40%. 2 $4.00
RLAD WoRE o
Researcher seaks big gains E $3.00
from small power systems % a
£
READ WAL T %200
Cutting aur carbon feetprint
$1.00
REAG GAE
UNSW solar technalagy central $0.00
o renewable energy future = il 2008 2009 2010 2011 2012 2013 2014E  2015E 2016E  2017E
shorten
BEAE WA = PV Module = Balance of System @RESEARCH

Solar Land Area Requirements

-’ﬁ:«a&‘ = @gﬁm | g;%# &

FIGURE 2: EVOLUTION OF ANNUAL PV INSTALLATIONS (GW - DC)

£ 30 |
20
m I |
o e e em = = W I I I
01 12 013 2014 2015

2000 2001 2002 2003 200 2005 2006 2 01 20
WNon [EA PVPS Countries B IEAPVPS Countries WUSA  ®Wlapan  Ching

# ]

W

2008 2009 201

*

How much land area needed to replace electricity from
coal with photovoltaics? What about imported oil?
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99 Percent Of New Power Generation Added In
January Came From Renewable Energy

Maore than 99 percent of new electric capacity added in the U5, in January carme from
rentwable energy sources, according to data released by the Federal Energy Regulatory
Comemission (FERC) on Thursday.

Of the 325 megawatts of new capacity installed, solar led the way with 287 megawatts
added in January. That was followed by geathermal pawer with three new unhs totaling 30
EEAWATES, o niew unit of wind energy with an installed capaciny of & megawasts, and
three new units of biemass totaling 3 megawatts. In addition, there was 1 megawa added
that FERC defined as “other.”

Despite significant gains, renewables are still a relathvely small piece of the overall capacity
plcture in Amarica. Renewable sources, including hydro, account for just over 16 percent of
total installed operating generating capacity, according to FERC = a picture doménated by
fousil fusls.

" THINK\E 1S B®SSIBLE FOR
ORDINARY\PEOPEE TO CHOOSE
TO BE EXTRAGRDINARY.

The reasonable man adapts himself to the world; the unreasonable
one persists in trying to adapt the world to himself. Therefore, all
progress depends on the unreasonable man.

George Bernard Shaw

Zachary Zevitas

e

% of 1 2018 %oflQ12015 % of Total
Utity-Scale Solar S22 04 1812 236% 1% 14%
Other Solar (et ) w0 w1 a7 0% 4% 20%
Wind nor Ba1 Ta58 2o0% nm 3%
Water = 2 100.12 1% a1% LY
Goothermal - 180 0% 1% 0%
Waste Heat 1.8 0% or% (3.9
Biomass o L L.t 1.5% 0% 14%
Nuciear 107.03 00% o 0%
Com 0164 00% ors *wI%
Natural Gas % 458 50013 0.8% 1'% L20%
o 4466 0% ars %
Or o ok or% o

Total 2208 XA 1,180.18 100.00% 100.00% 100.00%
Rerewatias am 61 2583 "% nx% Hwa%
Solar + Wind 129 2188 114,04 DA% 80 8% 0.6%

Why You Might Buy
Electricity From Elon
Musk Some Day

In Cafifornia, homeowners are pulling the plug on their utiities by storing
solar electricity in Tesla batteries

000000 OO
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SolarCity

Get control over energy costs

Google's Latest Renewable Energy
Investment Is Its Biggest Ever

About  Exclusives TIANS| by Tom i, .

CT Reviews (New)

First Solar + Apple Sign Largest Google wants 100%
Commercial Power Agreement

In Industry To Date clean energy by 2025

TESLA Whole House Batteries

Zachary Zevitas

Solar City 1n 19 States with Net Metering

SOLAR ENERGY

HOME APPLIANCES

4/16/2018
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Brilish Columbia Enacted the Most

. . [ . Carbon Tax
Significant Carbon Tax in the Western
: Overview of the revenue-neutral carbon tax
Hemisphere. What Happened Next Is It
B.C. conbnues to be a leader i chmate action by
Worked. Raving  carban Eax,
Just before the economic collapee in 2008, the Canadien proviace passed a fax on carbon, Five The révenue neutral carbon tax was mplemented
years later, i's a case study in smart climate policy. an iy 1, 2008, and the final schaduled mrease

5 Chris M Wed Ma took effect on July 1, 2012,

@ o e o [

00 AM FDT

20

The initial tax rate was relatvely low and has
increased gradually to allow families and
businesses time to reduce their emissions. The tax
is alse intenticnally breadly based and paid by all
those who consume fossil fuels in the province.

Taxes Included in The tax puts a price on carbon to
Gasoline Prices in

+ encourage indrviduals, busnesses, INoustry
e T and others o use leas fossl fusl and reduce

thesr greenhouse Qas emissons;
5% asT ;
+ send 3 consistent phice signal;
B6.67% pariitrs » ensure those who produce emisshons pay
BE Carbion Tax far them; and

10% per live » make dean energy alternatives more
attractive.

Litres
’ 3 The carban tax is révenue neutral, meaning avery
JRRECTED c——— dallar generated by the tax is returned to British

Columbians through reductions in ather taes.

The Minester of Finance s reguired by law to

annually prapare a theee-year plan for recyding

carbon tax revenues through tax reductons. Thes

plan 1s presented to the Legislative Assembly at

5 the sami time a5 the provindal Budget. The

A gas pump in Vancouver, British Columbia displays the carben tax. Steven Godfrey, fick Rav Newtr,
presented n Balanced Budoet 2014 shows the tax

SUPPOSE THAT YOU LIVE IN VANCOUVER and you dive a car to work. Natually, you have reductions that return carbon tax revenues to

individua nd businesses.

to get gas regularly. When you stop 3t the pump, you may see 3 notice bke the one above,

explaining that part of the price you're paying is, in effect, due to the cost of carbon, Thats  Based on the revised forecast of revenue and tax
praning ? PrIGe youTe panrg " reduction estimates, revenue neutrality has been

met for 2013/14, n fact, the reduction in provingal

revenus exceeds the $1,212 million in carbon tax

revenue by $20 milkon.

e Voo e b Y I—

because n 2008, the government of British Columbia d

Compact Fusion Hybrid Fusion

Breakthrough in Nucle Dennis Whyte

. ) — . The most common hybrid design consists of a fusion reactor core
The ARC fusion pilot conceptual design

surrounded by a blanket of fissile material such as uranium or thorium

B.Sorbom, ¢t al Fusion Eng Design (2015)

MIT Club Integrated new REBCO Central solenoid
of Northern California superconductor tape + coil Vicmrvessel
l N . / structure Blanket and shield
I I Reactor core I
Plasma 2
Energy & Environment 500 million watts fusion power Plasma first wall l

Breakthrough in

Toroidal field magnets
Nuclear Fusion?

~200 million watts electricity

Dennis Whyte
MIT Department Head
Nuclear Science & Engineering

The generation of neutrons by the fusion of hydrogen isotopes in the core drives fission reactions in the blankst. These neutrons can be used to
generate electricity, produce nuclear fuel for LWRS or transmute waste, Reproduced with parmission from ref. 7: © 2008 ANS.
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NewsBeatScienceTech

Compact Fusion
Lockheed Martin
Skunkworks

x10 capacity every 10 years

Global
Electricity
Compagt Fusion Demand
(100 T-kWh)
by 2080

x10 capacity every 5 years

Global
Electricity
Demand
(44 T-kWh)
by 2045

Zachary Zevitas

LOCKHEED ﬂlll‘llf%

“A fusion power
plant producing
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Fusion reactor concept could be cheaper than coal
Dare: October 8, 2014
Sowrce: University of Washington

Summary: Engineers have designed a concept for a fusion reactor that, when
scaled up to the size of a large electrical power plant, would rival costs
for a new coal-fired plant with similar electrical output.
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The UW's current fusion experiment, HIT-513. Itis about one-tenth the size of the

power-producing dynemak concept.

Credit: Image courtesy of University of Washington
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