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Energy and Climate

CO2 in the Atmosphere

U.S. CO2 Emissions by Source

15% Higher than 1990
Kyoto Protocol Reference Year

Atmospheric Composition



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

Zachary Zevitas 2

Relative Importance of Greenhouse Gases to 
Global Warming

Does not include H2O absorption which accounts for 
approximately 2/3
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Carbon 
Footprint

The path to avoid ∆Tavg >2°C (gold) requires much earlier, more 
drastic action than path to avoid >3°C (green).

BAU (>6°C)

(~3°C)
(~2°C)

What’s a prudent target?  Emissions paths for   
stabilizing CO2 concentration to limit ∆Taverage
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Record Heat

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

-- Dr. James Hansen, NASA

Energy Origin is Solar Power

WIND

The Sun heats 
air mass, 

expansion, 
motion = wind

WATER

The Sun 
evaporates 

water, rain fills 
reservoir, falling 
water = power

SUNLIGHT

Displacement 
of electrons in 
solar cells = 

electricity

FOOD

Chloroplasts in 
plants capture 
sunlight to form 

ATP which 
animals use as 
energy source

FOSSIL FUEL

Old sunlight 
captured by 
ancient plant 
life; burning 

fossils = heat

NUCLEAR

Al heavy 
elements 
created in 

stellar 
supernova 
explosion
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Solar Energy Scale

Scale 
of the 
Solar 
System

US Energy Flow 2014
(Quadrillion BTU)
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Carboniferous ForestCarboniferous Forest
300 Million Years Ago…

22 Hour Day
50% More Oxygen
Before Dinosaurs
Before Permian Extinction
- wiped out 95% of all species

Permian T-Shirt

Demand for ElectricityNew York

Hong Kong

Coal Formation
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Isotopes of Carbon

Light Heavy Radioactive

Unstable - decays in 
less than 50,000 years

Ancient Forests Volcanos

Recent 
FossilsLiving Trees

Isotopes of Carbon

Light Heavy Radioactive

Unstable - decays in 
less than 50,000 years

Ancient Forests Volcanos

Recent 
FossilsLiving Trees

Isotopes of Carbon

Light Heavy Radioactive
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less than 50,000 years

Ancient Forests Volcanos

Recent 
FossilsLiving Trees

Isotopes of Carbon

Light Heavy Radioactive

Unstable - decays in 
less than 50,000 years

Ancient Forests Volcanos

Recent 
FossilsLiving Trees
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Steam Turbine Invented in 1848 by Parsons

1880’s Technology - Steam Turbine

Charles
Parsons

Steam Turbine Development 
A Matter of Scale

500 Megawatt Steam Turbine

Tempest in 
a Teapot

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.

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 lbs of coal per KWH,
that works out to 10,950 lbs per year for
electricity alone !

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

Emissions from Coal Use

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

2001 2005 2010 2015 2020 2025

Industrialized
Countries

Developing
Countries

United States

China

Other Developing

NOx Mercury

CO2 SO2

Percent of U.S. Electric 
Industry Emissions from Coal

Coal
84%

Coal
87%

Coal
~100%

Coal
95%

Projected Worldwide CO2 
Emissions from Coal Use

MMTCE

Airborne Particles in Earth's Atmosphere

“We don’t have a have an energy crisis, we have a combustion problem…”
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Tall Stacks at TVA’s Kingston, TN Coal Plant Northeast Pollution Transport

Air Pollution & Health

• Hospital Admissions
• ER Visits
• Pulmonary Deaths
• Cardiovascular 

Deaths

Source: US DoD

Air Pollution & Health

• Lung Function

• Lung Growth

• Inflammatory 
Markers

• Blood Viscosity 
& Irregularities 
in Heartbeats
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Global Deaths Due to Particle Pollution = 3 million/year

Power Plant Deaths in USA

Health Effects of Air Pollution Professor Paul R. Epstein, MD, MPH

$500 Billion in Externalities in the US
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Mountaintop 
Removal Mining

Burning the Fossil Record…
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Mine Safety

Business
as Usual ?

1907 =  3,242 Deaths
2000 - 2004 = 67 Deaths
2006 = 47 Deaths

Supreme Court Deals Blow to Obama’s 
Efforts to Regulate Coal Emissions

Obama leaves coal with nowhere to go

Two dozen states sue Obama over coal 
plant emissions rule

Obama announces power plant 
regulations, GOP lawmakers vow fight
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$1200 per Share to $2 per Share…

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

Paradise

John Prine
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
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Any New Coal Plants Will Be with US for 40 Years… 

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.
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Proposed
Coal
Fired
Power
Plants
in China
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Business as Usual…
• 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.

Pros and Cons of Coal Power
Pros
• Abundant
• Secure
• Transportable
• Existing Infrastructure
• Base Load

Cons
• Air Pollution
• Water Pollution
• Thermal Pollution
• Acid Rain
• Health Impacts
• Climate Impacts
• Visibility Impacts
• Subsidies
• Fossil Record

COALergy Ad

Death Before
Inconvenience

DEATH BEFORE
INCONVENIENCE ! 
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Coal and Climate Change

Power
Generation

Other

Agriculture

Transport

Coal
83%

Natural Gas
13%

Oil
4%

CO2 Emissions by Sector CO2 Emissions from Electric Generation
(by fuel source)

Source: U.S. Department of Energy

33%

40%

8%

19%

Change in Temperature by the 2050s, 
relative to present day, northern winter

Greenland ice Melting 1992, 2002, and 
2005

1992 2002 2005

Source: ACIA, 2004 and CIRES, 2005

In 1992 scientists measured this 
amount of melting in Greenland 
as indicated by red areas on the 
map

Ten years later, in 2002, the 
melting was much worse

And in 2005, it accelerated 
dramatically yet again

Greenland summer surface melting, 1992-2005
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Flood Events Have Increased

Extreme Global Warming

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

Source: Clockwork Software, Inc.

“Après moi, le déluge”

King of France Louis XV (1710-1774)
“Après nous, le déluge”
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Melting Glaciers

Himalayan Glaciers Feed 7 Major River Systems in Asia

Climate 
Skeptics
Ignore

the Threat
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Sunday, October 23rd 
4004 BC

AM…

Thomas Huxley

Charles Darwin Archbishop Ussher

Archbishop Wilberforce

Policy 
Matters
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1872 Mining Law
•Enacted by the Grant Administration
•Lease Federal Land for Any Use
•4 cents per acre/year
•Mining, grazing etc.
•No Requirements for Reclamation
•Temporary Incentive to Settle the West
•Never Repealed 
•Massive Environmental Damage
•Contaminated Land and Water
•Trillions for Taxpayers to Clean Up
•Pollution Based Profits 

Buffalo Bill
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m
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Carrying Capacity

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

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

America spends more than $200,000 per minute on foreign oil
-- $13 million per hour… 
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Transfer of Wealth
300 New Skyscrapers to 
be built in Qatar by 2018

Dubai Skyline

Tanker Fleet Saturated

Oil Spill in 1989
No Damages Paid
Case on Appeal…

Legal Ruling vs. 
Regulatory Enforcement

Deep Water Horizon

Worth
the Risk?
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Tar Sands Return on Energy Investment
•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 
CO2 released per barrel can be up to 5 times greater 
than conventional oil

Getting 
the Oil 

Out
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Natural Gas Hydraulic Fracturing
Exempt from Clean Water Act Regulations…

Cheap Gas

Is it Safe?

Hydraulic Fracking 
and the Environment

Fracking Everywhere…
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Fukushima
Daiichi

Lobbying Return On Investment… E=mc2

The Universe is made of energy.

Size of Earth
smaller than than 

this diameter

We do not 
face an 
energy 
crisis

We face a 
crisis of 

imagination
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Zachary Zevitas
Instructor in Environmental Management, Harvard Extension School

Energy Transitions
Resources are Plentiful

Solar

Source:  http://howto.altenergystore.com/Reference-Materials/Solar-Insolation-Map-World/a43/
Pacific Northwest National Laboratory

Geothermal

Wind
Biomass

56.3 years

5.6-18.8 years

15 years

13.4 years

Buildings and Energy
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Boston Convention Center
Zero-Net Expansion Project 

Geothermal Systems for 
Large Buildings

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

Boston Convention Center

Green Buildings ? 950,000 square feet

146,000 square feet

1,500,000 square feet

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

1950
~1,100 sq ft

2015
~2,200 sq ft

Average US 
House Size
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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 IAQ etc.

• Establish protocols to upgrade existing 1st 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. 
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Moomaw Zero Net Energy House

Steve Haskins, Haskins Construction, Williamstown  MA

Bruce Coldham, Coldham & Hartman Architects,  Amherst  MA

Larsen Wall System

Ground
Source

Geothermal
Heat Pump

Loops 
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Ground Loop Geothermal 
Heat Pump

Steam Car

Electric Car

Hydrocarbon Car

100% Electric
250 Mile Range

$35,000
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14 Billion in Advance Sales
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Pump to Plug Progress in Battery Technology
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Vital Statistics:
Location:  Three Gorges, China
Completion Date:  2009
Cost:  $25 billion +
Reservoir Capacity: 
1.39 trillion cubic feet
Dam Type:  Gravity
Electrical Energy Production:
18,000 megawatts

Holyoke 
Massachusetts

Deep Energy Retrofit
And Zero-Net Energy Addition

1850’s CHARLES RIVER  HOUSE

Watertown Environment & Energy Efficiency Committee Projects
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Small Hydro Project 
in Wayne, Maine 

Native American Fish Weir ~ 4,000 BC

Water Power Dam Site Since 1634

Pico Hydro 
< 5 kW

Equivalent number of average American homes 
powered in a year by current installed wind capacity: 
= 18 million

Wind energy's percent of new generating capacity 
installed over last 5 years (2009-2013): = 31%

Total number of operating utility-scale wind turbines: 
=  > 48,000

Number of U.S. states with operating utility-scale 
wind energy projects: =  39 + Puerto Rico
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Massachusetts Wind
Potential

Recent Progress…
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Nantucket

Cape Wind

Tidal Energy
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Wave Energy
Ocean Energy
Wave Power 

Station

INCOMING WAVE

OUTGOING WAVE

Power is 
generated 
on both 
incoming 

and 
outgoing 
waves 

Ivanpah Solar Plant Towers
392-megawatt Solar Thermal Power Facility
being built by BrightSource Energy Inc
in the Californian Mojave Desert  
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50 Million Rooftop Solar 
Hot Water Heaters

in China

and Rising…

Solar Thermal
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Geothermal 
Power Generation

Japan – solar panels 
on every roof in the 
neighborhood

New Solar panel coating could improve 
efficiency by more than 30%

Researchers at University of California Riverside have created a coating for solar panels that 
could improve solar photovoltaic efficiency by 30 percent or more. “The infrared region of the 
solar spectrum passes right through the photovoltaic materials that make up today’s solar cells,” 
explained Christopher Bardeen, a professor of chemistry. “This is energy lost, no matter how 
good your solar cell.” The new coating developed by the team essentially reshapes the solar 
spectrum, allowing this energy to be captured and converted into electricity.
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40% Efficiency

How much land area needed to replace electricity from 
coal with photovoltaics?  What about imported oil?
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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
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Google wants 100% 
clean energy by 2025

Solar City 1n 19 States with Net Metering

TESLA Whole House Batteries
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Death and 
Carbon Taxes

Compact Fusion Hybrid Fusion
The most common hybrid design consists of a fusion reactor core 

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

“A fusion power 
plant producing 
1 gigawatt 
(1 billion watts) 
of power would cost 
$2.7 billion, while a 
coal plant of the 
same output would 
cost $2.8 billion”

Compact Fusion
Lockheed Martin
Skunkworks

by 2023 ?

Space Mirror
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Solar Tower 
Electricity 
from Hot Air…

Modern 
Marvels

Model View

$750 Million to Build
Payback in 11 Years


