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The nature of the necessity

* Global climate change is real, accelerating, and
caused mainly by emissions from civilization’s energy
system.

 The changes are already causing significant harm:

— increased frequency and intensity of floods, droughts,
heat waves, wildfires

— expanded ranges of temperature-dependent pests &
pathogens

— other unwelcome changes in species ranges and
abundances



The necessity (continued)

* Much greater damage is ahead on the “business as
usual” trajectory, including likelihood of:

— loss of coral reefs, polar bears, and as much as 30% of
global biodiversity in this century;

— reduced agricultural productivity;

— greater frequency of extreme tropical storms;

and a real possibility of

— rapidly accelerating sea-level rise (2-5 m/century??)

* Significantly improving our chances of escaping an
unmanageable degree of climatic disruption requires
that a major change of direction be underway,
worldwide, by 2015.

* |f the United States leads, others will follow.



Energy-sector CO, is the biggest problem

CO, contributed 47% of the cumulative positive
anthropogenic forcing up to 2000.

It’s share is increasing: Under BAU, it will have
contributed over 60% as of 2100.

Currently 75-80% of the CO, emissions come from
fossil-fuel burning, 20-25% from land-use change
(mostly tropical deforestation), and 2-3% from
cement production.

The fossil-fuel contribution resists reduction because
— fossil fuels are 80% of world energy supply;

— volume of combustion-product CO, is huge;
— part of atmospheric increase persists for centuries.



Options for reducing fossil CO, emissions

Reduce growth of energy use by...

* reducing population growth

* reducing growth of GDP/person
* reducing E/GDP ratio by

— increasing efficiency of conversion to end-use forms
— increasing technical efficiency of energy end-use
— changing mix of economic activities

Reduce CO,/E ratio by...

substituting natural gas for oil & coal

replacing fossil fuels with renewables

replacing fossil fuels with nuclear energy
capturing & sequestering CO, from fossil-fuel use



There is no silver bullet

All of the options have limitations & liabilities (some
of which translate into increased energy costs).

* limiting population: social & political sensitivities

* slowing GDP/person: economic aspirations

e expanding natural gas: resource size & distribution
e wind: siting (NIMBY—=>BANANA), intermittency
* biofuels: net energy, land, food/ecosystem impacts

* photovoltaics: cost, intermittency, toxics

* nuclear fission: cost, waste, safety, proliferation

* nuclear fusion: doesn’t work yet

* CO, capture/sequestration: cost, scale, complexity

* end-use efficiency: education, other barriers




Big problem & lack of silver bullet mean...

 We’'ll need a portfolio of approaches

— Not just one or two, but many;

— although not necessarily everything on the menu, as
developing the better options to their full potential may
allow foregoing some that prove very costly or risky.

* We need increased research & development on all of
the options to try to

— raise their limits,

— lower their liabilities, and

— reduce the uncertainties,

so that the future menu can be both better than

today’s and more transparent about what one is
buying.



To be clear...

The climate challenge gives us only three options:

e greatly increased efforts at mitigation;

e greatly increased efforts at adaptation;

e greatly increased suffering.

We are already doing some of each; what’s up for
grabs is the future mix.

— Mitigation alone won’t work because climate change is
already occurring & can’t be stopped quickly.

— Adaptation alone won’t work because adaptation gets
costlier & less effective as climate change grows.

— The more mitigation we can manage, the more likely that
adaptation can avoid the worst of the suffering.
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Coastal glaciers are retreating

Muir Glacier, Alaska, 1941-2004
August 1941 August 2004

NSIDC/WDC for Glaciology, Boulder, compiler. 2002, updated 2006. Online glacier
photograph database. Boulder, CO: National Snow and Ice Data Center.



Kilimanjaro,
1993-2000

The famous snows of
Kilimanjaro have been
shrinking rapidly in
recent decades.

This is particularly
significant because
high-elevation ice and
snow near the equator
do not vary much
except when climate is
changing globally.

Mt Kilimanjaro, 1993 & NASA

Mt Kilimanjaro, 2000 © NASA



Surface melting on Greenland is expanding

In 1992 scientists measured this Ten years later, in 2002, the And 1n 2005, it accelerated
amount of melting in Greenland as melting was much worse dramatically yet again
indicated by red areas on the map

Source: ACIA, 2004 and CIRES, 2005
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Arctic sea ice loss compared to IPCC

Arctic ice extent loss to September 2007 compared to IPCC modelled
using the SRES A2 CO2 scenario (IPCC high CO2 scenario). Septem
from satellite observations. Data smoothed with a 4th order polynomie
out the year-to-year variability. Chart courtesy Dr Asgeir Sorteberg, Bj
Centre for Climate Research and University Center at Svalbard, Norw
Date: 23 September 2007  www.carbonequity.info/images/seaice07




July-Aug-
Sept
satellite SST

anomalies
(rel to 1982-2007)

2007:
What a year!

Max Anom = 5'C

http://www.news.com/8301-13580 3-9833022-39.html



The next 100 years compared to the last 1000
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If biosphere is CO,-neutral and if non-CQO, influences
cancel, fossil CO, emission trajectories relate to

different stabilization levels as follows:
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B
Where we‘re headed under BAU:
The next 100 years compared to the last 400

Temperature Deviation °C
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Moberg mit Sedimenten für den langfristigen Trend

Oerlemans: Gletscher

Aus den Punkten 1-3 folgt fast zwangsläufig diese weitere Erwärmung


Annual Flux of Carbon (Pg Clyr)
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Annual Flux of Carbon (Pg Clyr)
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Annual Flux of Carbon (Pg Clyr)
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Annual Flux of Carbon (Pg Clyr)
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Figure 44. Major Sources of Total Electricity Net Generation

2.0-
4
3 1.5-
=
E Nuclear
3 10- Electric
S Petroleum and  power
c Natural Gas
% 0.5-
|_

Hydroelectric Power

0.0~
1950 1960 1970 1980 1990 2000

Half of U.S. electricity comes from coal.



If biosphere is CO,-neutral and if non-CQO, influences
cancel, fossil CO, emission trajectories relate to

different stabilization levels as follows:
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450 ppmyv stabilization path (gold) requires emissions to level off by 2020
and to decline rapidly thereafter.

o o o
- o w
o o o
N N N

2120
2150
2180

2090
2210
2240
2270
2300



()

Socolow-Pacala
“wedge” model
approximates the
trajectory for 500
ppmv CO,-
equivalent as level
2005-55, then
declining

Difference between
BAU and the 500
ppmv stabilization
trajectory 1s seven
“wedges”, each of

which avoids 1 GtC
per year in 2055.
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The wedge is a useful unit of action, because it permits quantitative discussion

of cost, pace, risk, and trade-off. The Science paper has a Table, reproduced here (see final page), giving our estimates of the size of a wedge for 15 separate strategies. A wedge is two million one-megawatt windmills displacing coal power. A wedge is two billion personal vehicles achieving 60 miles per U.S. gallon (mpg) on the road instead of 30 mpg. A wedge is capturing and storing the carbon produced in 800 large modern coal plants.

The wedges listed in the Table involve technologies already deployed somewhere in the world at commercial scale. No fundamental breakthroughs are needed. However, every wedge is hard to accomplish, because huge scale-up is required, and scale-up introduces environmental and social problems not present at limited scale. (See the right hand column of the Table.) The wedge concept decomposes a heroic challenge – filling the stabilization triangle – into a limited set of monumental tasks. But an excuse for inaction

based on the world’s lack of technological readiness does not exist. As we write in ourScience article: “Humanity can solve the carbon and climate problem in


Filling the Stabilization Triangle with Seven VWedges
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“The wedge concept decomposes a heroic challenge — filling the stabilization triangle
— into a limited set of monumental tasks. But an excuse for inaction based on the

world’s lack of technological readiness does not exist.



One wedge is a lot: Some examples...

COy Capture
& Storage (CCS)
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Ingredients of potential U.S. reductions
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Wind Hydrogen

Effort needed by 2054 for 1 wedge:

Displace gasoline or diesel in 2 billion 60 mpg
hybrids, with 100 mpg H2 fuel cell cars, H, via 75%

efficient electrolyzer (HHV).
Install 4,000,000 1 MW, wWindmills by 2054 -

twice as many windmills as for a wedge of
wind electricity.
40,000 MW, in place today, rate of production
growing 30%/yr

Potential Pitfalls:

Prototype of 80 m tall Nordex 2,5 MW wind NIMBY
turbine located in Grevenbroich, Germany Changes in regional climate?

(Danish Wind Industry Association)
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Presentation Notes
We are considering 2 locations within this buildable zone.

The originally specified location at the crest of the hill.

and one along the historic side access way leading to the back of the addition
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Presentation Notes
Not the whole property is shown.



We need to be 180’ (tower + blade length +10’) away any property line.
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First:



Update folks on the status of the project and what we hope to decide soon.



Primary issue is basically that of aesthetics.  



Though this decision influences cost, cutput (productivity) and the carbon emissions offset impact of the project .
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Scaled elevation view here of the ~15’ difference in base elevations and approx. height of trees on site (the short guy on the top of the hill is me – a five footer).



This 15’ difference doesn’t seem like much, but due to a couple of factors, it has a significant influence on the “productivity” of the installation.



Mainly  -  going up in height – it gets windier.



And because the power inherent in the wind stream increases as a cubic function – the amount of “resource” extracted also increases as a cube of any increase in wind-speed.
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Presentation Notes
View of anemometry tower from the 3rd floor.



The wind shear (increase in wind velocity with increased height above the ground) is extremely robust at our site.



Wind shear here shown in comparison to the Met. record at the Falmouth WWTP.



The following calculations of turbine productivity conservatively assumes the same shear value observed at the Falmouth WWTP for the 30m to 40m height increment.
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"Why didn't-ya just put it on

less flicker effect,
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flicker will occur on front
of building during on
sunny winter mornings
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a comparison of a few of the quantifiable turbine production characteristics – PV thrown in for some context.
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This difference between the upper and lower sites is actually about 2/3rds of the total emissions reduction attributable to our PV system operation.

 

Or the effect of another 12.5 kWp turbine at an 18.3 % capacity factor.



Or the output of 8.7 residential (2kWp) PV systems equivalent.  (like G. Fiskes new install).







Wind Turbine Size
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Why offshore ?

28 coastal states use 78% of the electricity in US

Many Coastal Load Centers Cannot Be Served by Land-
based Wind

20% Wind Energy Goals Cannot be Achieved Without
Offshore Contributions

US Population Concentration U.S. Wind Resource

Individuals per Square Mle

- greater than 1,000
L lessthan

Graphic Credit: Bruce Bailey AWS Truewind

Musial: NREL 2007




Wind Capacity
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We developed a high-penetration market

simulation based on the Wind Deployment

System model, currently under development

at NREL [7,8]. This model represents the

U.S. power grid by control area (balancing

authority), uses and projected wind costs

shown in Figure 7, and GIS representations

of wind and transmission. The model contains

generation from all technologies along with

price forecasts and competes resources

based on cost to determine the least-cost

national portfolio that will successfully meet

demand and energy requirements.

A key assumption used for this scenario is

that the PTC is renewed until 2010, followed

by a smooth phase-out until 2030. The base

simulation results in approximately 20% of

U.S. energy consumption served by wind.

The results of this simulation were adjusted

to account for energy efficiency improvements,

and the wind capacity and energy is

lower in absolute terms than the base case,

but the annual energy from wind is maintained

at 20% of U.S. energy. The results of

the simulation are shown in Figure 8.


Range of annual carbon reduction from wind. rates— Represents 260
upper, 210 mid, and 160 metric tons per GWh of carbon offset.
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Source: Potential Carbon Emissions Reductions from Wind by 2030, NREL, Milligan
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Figure 9

shows the relationship between wind energy

generation and carbon reduction using several

carbon displacement rates—260 metric

tons per GWh, 210 metric tons per GWh,

and 160 metric tons per GWh. The last rate

may be more reflective of fuel displacement

that includes fuels other than just coal,

although a more rigorous analysis is required

to obtain a more accurate estimate of carbon

reduction.


Potential Electricity Supply from Onshore Wind by State
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Country: Denmark A
Location: West Coast C X
Total Capacity: 160 MW

Number of Turbines: 80
Distance to Shore: 14-20 km
Depth: 6-12 m

Capital Costs: 270 million Euro
Manufacturer: Vestas

Total Capacity: 2 MW
Turbine-type: V80 - 80m diameter
Hub-height: 70-m

Mean Windspeed: 9.7 m/s S "
Annual Energy output: 600 GWh . =l
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45-m Depth Offshore Demonstration Project
Talisman Energy in Beatrice Fields
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Potential Electricity Supply from Ofishore Wind by State
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