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The National Energy Independence Plan
Preface

I

n January, 2008, three scientists—Ken Zweibel, James Mason, and Vasilis Fthenakis—wrote a
seminal article in Scientific American, A Solar Grand Plan. The article and its academic peer-reviewed
versions proposed the construction of a U.S. national energy system based on electricity generated by
solar and wind power. A group of concerned professionals felt the article presented a powerful new
opportunity for the nation to seize its future.
Collaboration between James Mason, who created the energy models for the Solar Grand Plan, and
William Bailey, who pressed for solutions to national energy security questions, public utility funding
techniques, and the timely response to risks, led to the National Energy Independence Plan (NEIP). It
consists of two major parts. The first part, Path A, is new, not previously addressed by the SGP—a
national security plan to confront energy security questions like How long does the nation have before the
price for each of the three fossil fuels rises out of control? Is there a price for oil or natural gas that will
cause the economy to collapse? Do we really have „hundreds of years‟ of coal?
The NEIP’s Path A is an addition to the Solar Grand Plan. It reflects Mason’s inventiveness and his
response to energy security time constraints identified during the collaboration. The path demonstrates
that the need for oil imports can be ended within 12 to 15 years while avoiding additional CO2 emissions.
Path B is the Solar Grand Plan, but much compressed in time and differently funded. Path B starts
concurrently with Path A and is fully functional before mid-century. The two paths combine to form a
comprehensive answer to both energy threats and to climate change.
A key component of the NEIP is energy storage. Ignored for three decades, energy storage allows solar
and wind energy to replace coal and natural gas. Both Paths A and B are possible only because of
compressed air energy storage (CAES). Even today, many energy specialists still largely dismiss the
potential of storage, despite an October, 2008, Conference at Columbia University, organized by Vasilis
Fthenakis of Columbia and Brookhaven National Labs, and the existence of a working CAES facility in
Alabama, in operation since 1991.
Without CAES, using solar and wind to replace coal and natural gas electrical generation is impossible in
the time available. Early work on its potential was done by Cavallo, Greenblatt, Succar-Williams, and
Mason et. al. (Hydrogen Research Institute). Zweibel, Mason, and Fthenakis applied CAES in the SGP.
These technologies can transform America’s future and—as demonstrated in the NEIP—save Americans
about a trillion dollars per year by 2050 when the NEIP is fully implemented.

—————
The National Energy Independence Plan—The NEIP—is currently (June 2010) unfunded except for donations from
members of the NEIP Working Group. Future funding will be conveyed via a [501(c)(3)] nonprofit entity, pending
initialization. All rights are retained by G. Wm. Bailey of Newark, Delaware.
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NEIP Materials

NEIP
This document, the NEIP Summary, provides an overview and selected technical information for
interested parties. The NEIP Report is in draft and will be released to the web (links at the bottom of the
next page) by chapter, when completed. See "Contacts" page to obtain early notice via e-mail.

NEIP Summary
NB: the structure of the Summary and of the actual NEIP Report (below) are not the same.
Structure of this Summary:
Solving America's energy problems
Goals
The NEIP
Technological Components
Path A
Path B
Plan execution through the public utility model
Summary
Appendix 1: Two Threats
Appendix 2: The case for CAES as central mediator
Appendix 3: NEIP CAES energy storage, HVDC low-loss transmission

NEIP Report
Outline:
Cover Sheet
Preface
Readers' Note
Executive Summary
Table of Contents
Contacts
Chapters:
1. Introduction
2. Energy Security (the two threats)
3. U.S. Response
4. NEIP Solution
5. NEIP Outcomes
Bibliography
Endnotes
Peer reviewed papers and other materials supporting the NEIP are available from the contacts on the
next page.
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The National Energy Independence Plan

Solving America's energy problems
What would it really take for the U.S. to end its energy problem once and for all?
The National Energy Independence Plan, the NEIP, responds to two energy-related threats
with a Plan consisting of two coordinated Paths.




Within 10-20 years, fossil fuels will begin to become unaffordable (though far from
exhausted): first oil, then gas, then coal. One to two decades will elapse between each
event. Path A responds to this first threat by eliminating the need for oil imports and
buying time for Path B to mature. [See App. 1: Two Threats, page 8.]
There will be an energy shortfall by mid-century due to ongoing world developments: a
50% population growth, the price of fossil fuels, and the consequences of ongoing
climate change. America's fossil system will be unable to meet demand. Path B responds
to the second threat by building a national energy system to replace 86% of fossil fuels.

We cannot know exactly when each threat will become unmanageable; both are inevitable in
the long run—within the lifetime of many reading this analysis.
These threats have catastrophic consequences. By failing to take decisive action now, the US
accepts a significant chance of being engulfed in a worldwide depression within two decades.
The date of the first threat—an oil pricing catastrophe—is uncertain. It could occur a little
sooner or a little later. But the need to import oil must end.
America, faced with a possible catastrophe within 10 years, has chosen a 20 year plan.
"20% wind by 2030," (pages 17, 23) will actually replace only 8% of America's primary
energy use in 20 years. The plan will do nothing to end oil imports: electricity is generated by
coal, nuclear, and natural gas.i
In the aftermath of the Deepwater Horizon oil spill in the Gulf of Mexico, there has been
much talk about a shift to clean energy, but few specifics. Proposals put before the public
have been incomplete, at best, and one reason has a name: "the intermittency problem," the
absence of energy production by solar panels at night and wind turbines during slack periods.
The intermittency problem is often cited as the reason that renewable (wind and solar) energy
will remain a low penetration, (20% or 30%) source and will never be a replacement for
fossil fuels. Inability to solve this problem bars America from reaping the benefits of an
electric economy's 3:1 efficiency advantage over fossil-based systems, an advantage that
includes the transportation sector. To reap the rewards of an electric economy, high
penetration levels—in the 80%-90% range—are required.

i

40% of America's primary energy is used to generate electricity. "20% Wind...," pages 17, 23, and 25, proposes to
replace 20% of America's electrical generation, or 8% of total primary energy use, in 20 years.

1
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Intermittency is nothing more than an engineering problem, far simpler than the moon
missions. A solution, Compressed Air Energy Storage, CAES, exists in the U.S. and has
been in operation since 1991. Renewable sources, with CAES acting as a central mediator,
can provide steady, reliable energy 24/7—indistinguishable from coal, gas, or nuclear.
Decisive action, urgently needed now, requires a plan—a comprehensive plan encompassing
the three parts of any energy system: infrastructure, supply, and demand. Any plan must
avoid the common trap of a micro focus (on individual components and not the entire
system), rather than a macro (system) approach that makes clear the final price to the
customer, including the capital cost and how it will be repaid, total emissions by year, the
savings or cost to the nation, and how fossil fuels can be retired by intermittent energy.
Energy systems cost trillions of dollars and take generations to build. The U.S. system was
$14 trillion. The International Energy Agency, IEA, is a respected European and world
agency. It estimated in 2009 that to build out the world fossil system to 2050 will cost $54
trillion. Hirsch (2005) states that 10-20 years is the minimum time needed to build out the
fossil-based system temporarily to meet demand, the same time needed by the NEIP to end
the need for imported oil. Even using fossil fuels for transition, as the NEIP does, there is a
danger that the world can find these fuels unaffordable before the NEIP systems are
complete. Action is needed now. Self-interest justifies action now, irrespective of any threat.
Once conversion to an electric economy is complete, the savings are $1 trillion per year
Appropriate goals, matched to the threats and current technology, follow.

Goals
The purpose of the NEIP is to provide energy security to the nation. To succeed, America's
energy plan should attain the following goals:
(1) Achievable now: Can be constructed
with existing resources and existing
technology
(2) Reliable: Match or exceed the
reliability of fossil fuels, hydro, and
nuclear sources
(3) Domestically-sourced: to achieve
strategic energy security and jobs at home
(4) Clean:ii Low in negative economic
externalities like displacing food crops,
environmental damage, creating longterm waste, etc.

(5) Capacious: easily expanded and
contracted (decommissioned)
(6) Durable: for at least the rest of the
century.
(7) Affordable: Energy priced no higher
than current levels, 13.5 cents per kWh.
(8) Aligned private and public
interests: in structure and management.
(9) Timely: Energy and economic security
require ending the need to import oil
within 12-15 years.iii
(10) Self-funding: No subsidies.

ii

CO2 reduction before 2050 will be at least 86% from 2005 levels. Transition activities should not increase CO2
emissions above current levels. [NEIP transition activities in Path B are at a 23% reduction of CO2 ]
iii
Timely: promptly eliminate the need to import oil for long enough to build a replacement energy system. For the
NEIP, Path A, 12-15 years, serves the first function; Path B, one to four decades, serves the second. See p.3.
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The NEIP
The NEIP is a simple plan that meets these goals and, as a result, demonstrates that wind and
solar energy, coupled with CAES and linked to the nation by a low-loss high voltage direct
current (HVDC) transmission grid can provide national energy security. It replaces most
fossil fuel use within the next four decades. It does not preclude the use of nuclear, hydro, or
other non-emitting energy sources. It aligns public and private interests and self-funds; the
final system ownership follows the public utility model. To be timely, though, the NEIP must
be enacted as an emergency plan.
To avoid overly optimistic projections, the NEIP adopts simple technologies that can be
implemented now. For example, the Fischer-Tropsch (F-T) process was used in WWII to
create liquid fuels from coal and timber. It is simple, it works, and the NEIP's analysis
demonstrates the ability of F-T to achieve the design goals of creating liquid fuels on a
temporary basis. In practice, modern technology for creating liquid fuels, cleaner and more
efficient, will be used instead—making the results even better than predicted.
To understand the threats and how to meet them, or when comparing energy alternatives, it is
best to address infrastructure, supply, and demand together as a system—a macro approach.
Examples of the advantages of this approach from the NEIP's analysis:






Due to a rising worldwide supply/demand imbalance, even optimistic oil supply scenarios
lead to economic disaster, albeit a decade later than the "peak oil" prognosticators
suggest. Moreover, given the same supply/demand imbalance, even successful efforts at
conservation are likely to be inadequate. [See Appendix 1, Two Threats, p. 8.]
Two-thirds of the chemical energy in fossil fuels is wasted as heat, ceding to electric
systems a 3:1 efficiency advantage. This points inescapably to a conversion of national
energy to a primarily electric system. The result is a saving of $1 trillion per year and
easily meeting Copenhagen CO2 emissions targets. [See App. 2: Case for CAES, p. 14 ]
The intermittency problem is a far simpler engineering problem than others solved by
Americans in the past.
The obvious solution is energy storage: hold part of production for delivery later. As
noted, bulk energy storage exists and has been proven in constant operation in the
U.S. since 1991, with 2% unplanned outages, a reliability superior to standard sources
of steady base load energy, coal or nuclear generation. [See App. 3, CAES, p. 17.]
CAES—in a central mediating role, regulating all energy on a national high
efficiency electric grid—can fill two functions:
(a) Convert vast intermittent energy sources to steady base load electricity, ready
for transmission around the nation; and
(b) Provide system stability for a national all-source (including nuclear) HVDC
grid. CAES can thus enable wind and solar energy to retire 86% of fossil fuels,
though by 2050 these fuels may already have become unaffordable (see App. 1).
A micro analysis might focus on the cost of CAES, isolated from the system, and
declare it to be too expensive, a conclusion that is penny wise and pound foolish.
Fiscal Associates, Newark, DE 19711 © Copyright Fiscal Associates 2009, 2010
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The NEIP's analysis shows that a renewable system—incorporating wind, solar, high
efficiency transmission and CAES—can deliver base load (dispatchable) electricity to
the consumer's plug at current prices or less for the rest of the century—while saving
about $1 trillion dollars per year.


The NEIP's approach encourages discipline. The maximum price of electricity delivered
to the customer is 13.5 cents per kWh. Any system element that forces prices per kWh
above the customer's price limit must be avoided. [See Supply of energy for Path A, p. 4.]

The NEIP's analysis shows that America's vast solar and wind resources will provide endless
clean fuel. Delivered prices to the customer will be stable over a long system lifetime,
avoiding the uncertainty and damaging consequences of fossil fuel price turbulence.
Moreover, the system requires no subsidies; it is self-funded like any public utility.
The NEIP is not an austerity plan. It will not require any changes in Americans' current
lifestyles, including a love of large, high-performing cars. Even with these obvious
attractions, such a prodigious change will require a level of national unity and patriotism
previously demonstrated only during war.

Technological Components
The NEIP's Path A eliminates—for one to two decades—the need to import oil, a total of 28
Q-Btuiv per year.vPath B eliminates the use of 86% of fossil fuels and their attendant
emissions. Absolutely essential to both Paths are HVDC and CAES (below). See App 3.




Infrastructure consists of two major components: (a) a national low-loss High Voltage
Direct Current (HVDC) transmission grid which incorporates (b) CAES units to convert
wind and solar electricity to steady state reliable base load current, thus allowing
renewable penetration on the grid at 80% to 100% levels.vi Energy throughput of 70%
from the wind or solar fields in the heartland to users coast to coast (in the form of
reliable energy at the wall plug) is more than double that of fossil systems while using
one-third the natural gas required in the DOE "20% wind by 2030" plan. vii viii
Supply of energy for Path A, which addresses only oil use, is onshore wind electricity
from Path B. It serves light trucks and cars, plus buildings. There is a liquid fuel program
that fuels heavy vehicles and aircraft at a 23% reduction of CO2 emissions. Supply for

iv

Q-Btu is quadrillion Btu. The EIA reports that the US uses about 100 Q-Btu of primary energy per year, so 1 Q-Btu
can be thought of as roughly one percent of America's energy usage. Due to the burning process in a so-called "heat
engine," losses of about 2/3 are normally incurred when converting the chemical energy in fossil fuels to electricity.
v
Path A liquids program consists of 5 Q-Btu of coal to liquids which is converted to biofuels from biomass after
biomass is grown—about a decade. Concurrently, tertiary oil recovery provides about 4 Q-Btu of oil per year and will
expire after one to two decades. Thus, 5 Q-Btu for heavy trucks will continue permanently; 4 Q-Btu will need
replacement by hydrogen fueled heavy vehicles, but Path B provides ample time for the transition.
vi
Penetration means the displacement of fossil energy by intermittent energy. Low levels of penetration, 30% or so,
are possible without energy storage. High levels are impossible without storage. See App. 2 and 3.
vii
CAES, compressed air energy storage, (Succar-Williams, 2008). First generation CAES uses small amounts of
natural gas; adiabatic CAES, now under test in Europe, uses none. HVDC: see Siemens or ABB websites.
viii
All is delivered for about current prices, 13.5 cents per kWh (2007 dollars—operations, maintenance, and debt
service included).
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Path B, which ends the need for most fossil fuels, starts with wind in the Midwest and
converts to solar in the Southwest when solar's price drops below wind. Concentrated
wind farms and solar farms in the heartland are used because HVDC's 10% losses are far
smaller than inefficiencies due to inferior wind regimes and feeble solar insolation near
the largest users. For example, only onshore wind of class 4.5 or greater is used in the
NEIP because wind classes lower than 4.5 cannot provide electricity to the customer at
13.5 cents or less without subsidies. The same criteria hold for solar collection.
Demand is shifted to electricity by converting light vehicles, buildings, and industry: see
the description of Path A below.

Path A
Path A deals with oil. America uses about 40 Q-Btu of oil per year; 28 Q-Btu are imported.
The NEIP eliminates all 28 Q-Btu. In so doing, it buys time, about 20 years, before the world
is caught up in a supply-demand pricing crisis which--if prices reach a tipping point--can
crash the world economy. This path has three parts:"
 Conversion of light trucks and cars to electric drive (battery or hydrogen fuel cell): 13.4
Q-Btu of oil displacement. Historic auto replacement rates are sufficient to meet the goal.
Electric vehicles are a reality today. See Daimler, Honda,ix Nissan, Chevy Volt, etc.x
 Conversion of slightly more than half of buildings and structures from oil and natural gas
to heat pump climate conditioning: 5.6 Q-Btu of oil displacement.
 Difficult-to-convert heavy transport, particularly aircraft, needs liquid fuels. The NEIP
furnishes 9 Q-Btu of diesel and JP-4 jet fuel plus a bonus of 1.4 Q-Btu of co-generated
electricity—all at a 23% emissions reduction from current methods. 4 Q-Btu of tertiary
oil recovery and 5 Q-Btu of coal gasification continue for about a decade. After biomass
is grown and infrastructure is built in sufficient quantities to be sustainable, the 5 Q-Btu
of liquids from coal gasification converts to biofuels from biomass.xi
Path A costs are $2 trillion. The liquid fuels system is constructed and managed by private
industry under federal supervision and license. As in Path B, cash flows from energy sales
are used to retire construction debt, which is guaranteed by the U.S. Government. Liquid fuel
prices are planned not to exceed $2.50 per gallon of gasoline-equivalent, plus tax, 2007
dollars. Subsidies are not needed.

ix

The fuel cell powered Honda Clarity performance characteristics are about the same as a mid-sized BMW. Range
is 230 miles. See http://automobiles.honda.com/fcx-clarity/specifications.aspx
x
Both options for light cars and trucks—hybrid/battery or hydrogen fuel cell (H2)—can be supported by the NEIP.
Given the fueling limitations of batteries and the decisions for H2 already taken in Europe and in Japan, the battery
route seems less and less likely.
xi
Coal (then after growth of biomass, biomass) gasification plants are constructed to accomplish the following: Milici
(2009), except single pass (not double) standard coal gasification to create syngas, then Rectisol process for syngas
conversion and CO2 capture (~50%), then Fischer-Tropsch (F-T) to create 5 Q-Btu of diesel fuel, plus 400 TWH (1.4
Q-Btu) of co-generated electricity from unused syngas in the first pass through F-T. Obsolete (by age and efficiency)
coal-fired plants are retired and replaced by the co-generated electricity. The remaining CO2 is pipelined for tertiary
oil recovery from local depleted wells—yield: 4 Q-Btu for about a decade.

Fiscal Associates, Newark, DE 19711 © Copyright Fiscal Associates 2009, 2010

5

The National Energy Independence Plan
Path B
Path B addresses the second threat, an energy shortfall by mid-century. It fills the supply
void due to conversion of electric generation from coal and gas, expands HVDC service, and
adds supply: (a) to serve population growth, (b) for desalination (agriculture), (d) for
interstate pipeline transfers for agriculture, (e) for hydrogen production, and (f) to counter the
effects of climate change now under way.
Total system capacity by 2050 will provide base load quality solar-CAES and wind-CAES
power that is about 2.5 times the size of the current electrical system, replacing the existing
fossil electric generation, fueling the electric economy, and providing new capacity for midcentury demand. There will be 26 Q-Btu of additional intermittent (without CAES) solar and
wind generated electricity for desalination, hydrogen, and interstate pipelines. Due to the
efficiencies of electrification over thermal heat engines, 27 Q-Btu of fossil fuels will not have
to be burned each year, an amount roughly equal to America's total annual oil imports today.
The HVDC grid is "smart," but thousands of local smart grids, multi-million dollar elements
in other plans, are avoided. Disconnect the existing dumb local grid from the coal plant and
connect to the HVDC downlink. This one step will save many billions of dollars.
Capital costs for Path B are $15 trillion, the majority of which is back loaded and solarrelated. Solar begins by replacing retiring fossil electric generation. Self-funding is achieved
by cash flows from sales of energy through the system, which exceed $1 trillion per year.
Energy bonds, federally guaranteed, can be retired in 30 years. Subsidies are not needed.

Plan execution through the public utility model
The NEIP proposes the highly efficient public utility model to fund the largest expense, Path
B. Unlike a private solution, the public utility model assures perpetually limited costs to the
consumer.1 The Plan calls for borrowing money in the taxpayers' name, managing the project
to minimize costs, and repaying the loans using cash flows from energy sales. After the
bonds are retired, the system will belong to the American people. An agency to manage this
process—similar to those of the Second World War and those that implemented the
Manhattan Project, the Interstate Highway System, and the moon missions—will provide
leadership as required and authorized by law.

Summary
The NEIP assures energy security for America for the rest of the century. It is a simple plan,
driven by the two threats and matched to their dimensions. There is a significant chance that
the first threat will emerge in the next decade.xii Accordingly, the NEIP chooses technology
based on a standard of "scalable now" to national levels in the time available, and that
matches or exceeds the reliability of fossil fuels, hydro, and nuclear sources. In order to

xii

See App. 1: Two Threats
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protect the system from natural gas price shocks, the Plan uses CAES—using one-third the
gas of the DOE "20% Wind" plan—in a central mediator role.xiii
The Plan's vast clean wind and solar energy are domestically-sourced from the heartland,
providing five million jobs during solar expansion and allowing for easy expansion of the
system's capacity once the national HVDC grid and the intermediate CAES locations are
established. For example, while no single solar farm would be so large, a 165 mile on a side
square in the Southwest desert can contain a solar farm large enough to replace America's
electrical generation system.
There are 27 Q-Btu of savings (capacity that does not have to be built) and additional
capacity of multiples of the existing system; these features merit capacious as a fair
description. Decommissioning is easy as well. Just pick up the solar panels on their skids and
put them on a truck, then uninstall the wires. Wind is a little more difficult, but neither leaves
a permanent scar similar to a fossil fuel or nuclear generating plant. The lifetime of wind
turbines is around 20 years. Photovoltaic (PV) solar panels can last up 60 years or more. The
NEIP, with normal maintenance that replaces components as needed (the operations and
maintenance costs are included in the 13.5 cents per kWh) can last indefinitely.
Energy and economic security require ending the need to import oil within 12-15 years.
Even the conversion to electric vehicles can be accomplished by matching the production
rates of 2007, 17 million cars per year for 239 million cars.
The NEIP's maximum pricing (2007 dollars) is $2.50 per gasoline gallon-equivalent plus tax
for liquid fuels and 13.5 cents per kWh. These levels assure affordability. When employed
through the public utility model for capital and management, the long-term benefits of the
system will be returned to the rate payers—who own the system. Both Paths retire
construction bonds in about 30 years by the sale of energy through the system. No marketdistorting subsidies are required.
National discussion of the NEIP is needed today because it is the only serious proposal that
addresses energy security as an emergency—by aggressively fitting a solution of sufficient
size and existing means to the present risk of economically damaging fossil fuel price
escalation.

xiii

See the discussion of the price vulnerability of Wind-Gas compared with Wind-CAES, page 23.
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Appendix 1: Two Threats
The First Threat: unaffordability
The threat: a supply/demand imbalance

Given flat or increasing demand, the rate of supply is what matters. When the Straits of
Hormuz are closed, there is still lots of oil in the
ground but oil prices can skyrocket.
The world’s rate of oil supply (production) is
increasing (fuchsia line at right), but not as quickly as
the rate of world demand (blue line). A return to the
events of the summer of 2008 on s business as usual
course (red dashed line) is likely—with permanently
higher prices.
Given constant or increasing demand, when the world
oil demand rate outpaces the available world supply
rate (the black X), the only variable remaining is
price—which will soar to unaffordable levels until
demand is destroyed. The result: the world’s economy will be throttled, creating untold
hardship.

Supply: world conventional oil

Since fossil fuels are natural resources,
many follow an extraction (production)
bell shaped curve similar to the models of
M. King Hubbert (red curve in the
graphic on next page). However, not all
are ideal.
North Sea oil, at left, shows a false peak,
renewed efforts to extract more oil, and a
significant drop in production.

North Sea Oil (Hirsch)

Fields around the world, showing these
and other patterns, will aggregate to
produce world conventional oil.
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However, it is useful to examine an ideal
case—the graphic at left—before discussing
the path of world oil prices.
The price paid for oil depends on rates of
delivery (supply) versus rates of demand.
Conventional wisdom focuses on reserves and
assumes current rates of delivery continue
indefinitely. This approach ignores price.

Norway

Viewing the oil supply curve from left to
right, with the peak at the middle, one can see
that the left side of the curve will tend to be
easy and low-cost extraction, while the right
side is progressively more difficult—and,
likely, at slower rates per unit cost.

Unconventional oil is cooked by natural gas from tar sands, reached by fracturing shale rock
deep underground, found in Arctic locations, or extracted from very deep offshore wells.
Post-peak, unconventional oil, now only 5% of world
production, will increase to meet the burden, but at
great cost and with an uncertain ability to deliver at
rates required.
In the Hubbert graph above, post-peak fuel costs more
to obtain and cannot be extracted as quickly as prepeak.
The Deepwater Horizons oil spill in the Gulf of
Mexico underlines the risks and costs of extracting oil
when on the right side of Hubbert's curve.

World 2008 Conventional vs.
Unconventional Oil (EIA)

The graphic at left (2008 dollars) shows the
FRS (non-OPEC) costs of finding oil from
1981 to 2008. The peak of the dashed blue
line is $75 per barrel (U.S. Offshore, like BP’s
Deepwater Horizons). It occurred in 20042005. Onshore costs rose, as well.
The direction of finding costs cannot be
encouraging to those who would bet on flat
pricing for fossil-based energy.
Oil Finding Costs 1981-2008
for FRS Companies (EIA)

Fiscal Associates, Newark, DE 19711 © Copyright Fiscal Associates 2009, 2010

9

The National Energy Independence Plan
World supply rates are reaching limits

There is common acceptance that world oil has reached or is reaching a production rate peak.
There is dispute about the shape of the curve, with the optimists forecasting an "undulating
plateau" (Cambridge Energy Research Associates, CERA, 2009) and the pessimists saying
that world oil peaked in 2005. (Deffeyes, 2008).
The International Energy Agency completed its first field-by-field count of conventional
non-OPEC oil at the end of 2008. (OPEC does not share data.) The IEA placed the decline
rate at 6.7% per year. CERA disputes the IEA finding.


Using EIA numbers, if OPEC fields behave like
IEA's non-OPEC fields, then 95% of the world's
existing oil production is declining at 6.7% per
year, a 50% loss in ten years.



2008 world production was about 86 million
barrels per day. 6.7% (the IEA decline rate) of
95% (the conventional oil portion of world
production) is a decline for a single year of 5.5
million barrels per day.



For comparison, the much touted new Saudi oil
field, Khurais, pumps 1.2 million barrels per day.

World Oil 2008 Non-OPEC vs.
OPEC

Assuming equal declines in OPEC as in the rest of the
world, Khurais reduces the 10 mm bbl/d decline in world production rate for one year by just
20%. Where will the other 80% come from? Not from most of the frequently reported "new"
sources, which are already on the books.xiv It must come from truly new oil, at a pace that is
unlikely to make up for diminishing supply and increasing world demand.
Given that building out a response will take a decade or two, the time is late.
In December 2008, George Monbiot of the Guardian, U.K., interviewed Fatih Birol—the
IEA’s chief economist and author of the IEA’s then most recent world estimate. Monbiot
reacted to Birol’s answer about oil production. Birol confirmed a conventional oil “plateau”
in 2020.
"In terms of non-Opec [countries outside the big oil producers' cartel]," [Birol] replied,
"we are expecting that in three, four years' time the production of conventional oil will
come to a plateau, and start to decline. In terms of the global picture, assuming that
Opec will invest in a timely manner, global conventional oil can still continue, but we

xiv

Describing finds like Bakken, the deep reserves off Brazil, and ANWR as "new" is hype. They are already
incorporated in DOE, USGS, and NEIP estimates.
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still expect that it will come around 2020 to a plateau as well, which is, of course, not
good news from a global-oil-supply point of view."
As noted earlier, “Invest in a timely manner” means to the IEA an investment of more than
$26 trillion worldwide just to get to 2030, and $54 trillion to get to 2050.
Monbiot (in December 2008) added,
“…Around 2020. That casts the issue in quite a different light. Birol's date, if correct,
gives us about 11 years to prepare. If Hirschxv is right [Hirsch said a minimum of a
decade would be required to adjust on an emergency basis], we have already missed the
boat. Birol says we need a "global energy revolution" to avoid an oil crunch, including
(disastrously for the environment) a massive global drive to exploit unconventional oils,
such as the Canadian tar sands. But nothing on this scale has yet happened, and Hirsch
suggests that even if it began today, the necessary investments and infrastructure changes
could not be made in time. Birol told me: „I think time is not on our side here.‟”xvi
World Demand

No matter: there is more to oil price than supply. World demand, driven by India, China—
scheduled to be the world's largest economy by 2030—and Brazil, is increasing faster than
the growth in world oil supply. It is unlikely that China, building superhighways as fast as it
can, will rein in the growth of oil use, particularly private vehicles. Thus, it can be expected
that the rate of world demand will continue to grow faster than the ability of the world
system to produce oil at the rate demanded—a repeat of the conditions of 2008 when the
price of oil rose over $140 per barrel—at higher levels.
Is there a tipping point?

There must be a price that is too high for oil, a price that will crash the world economy. In
2008, Kenneth Deffeyes noted that the price must be less than world GDP, a known figure.
He guessed that the figure might be 15% of world GDP, which would be equal to $300 per
barrel at then current production rates.

xv

Robert L. Hirsch, "Peaking of World Oil Production: Impacts, Mitigation, & Risk Management."
http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf
xvi
George Monbiot, Guardian.co.uk, 15 December 2008.
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When prices rise

When will fuels become
unaffordable? The graph at
right shows the serial
unaffordability of oil (red),
then natural gas (blue), then
coal (black) over the
decades to 2050. The thin
and rising lines indicate
price (red arrow for oil).
Post peak, supply becomes
more difficult and prices
tend to rise unless demand
drops (not likely in a world
with China and India).
World Fossil Fuels—A Stylized View
The peril America faces is
linked to the sharply rising
price lines. They show that the price rises as the rate fuel can be supplied sinks below the
rate of demand.

Real world relationships are far more complex, but there are already many warning signals.
Oil pricing problems are already predicted by Chevron after as little as three to five years.2
Investments to preclude an oil production shortfall are not being made on the multi-trillion
dollar scale needed worldwide. 3
The claim, "we have hundreds of years of fossil fuels"4 could be true but is irrelevant. The
real focus should be when these fuels become unaffordable, a point somewhere around the
peak of the resource. Again, see the red arrow. The conclusion: (assuming constant or
increasing demand) about halfway through a resource, supply rates begin to diminish.
Demand will then drive prices upward toward unaffordability. Post-peak reserves in the
ground are not equal to pre-peak reserves. Thus, "100 years of reserves" can, for practical
purposes, be only about fifty years of affordable reserves.
History

David Rutledge, Caltech, reviewed the history of expert opinion about remaining fossil
reserves: coal in 19th Century Britain; domestic conventional oil in mid-20th Century
America. The findings were the same in both cases: the experts consistently overestimated
the reserves remaining by a factor of 3 until the fuel went into collapse. Thereafter, the
experts' estimates were generally correct.5
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Hydrocarbon domino effect

In 2007, oil, gas, and coal were consumed at annual rates (Q-Btu) of 39.8 (oil), 23.6 (gas),
and 22.6 (coal). Now, the hydrocarbon domino effect:




Natural gas suppliers are straining to supply 23.6 Q-Btu without using a controversial
technique that fractures underground rock employing huge amounts of water and possibly
harmful chemicals. The technique is called "fracking." It is hard to imagine how natural
gas will be able to absorb new demand that cascades over from oil (about 39.8 Q-Btu).
The new rate will be (39.8+23.6=63.4), 2.7 times current consumption of gas. How
many years of gas reserves will there be at this rate?
Then, when both oil and gas are unaffordable, coal (currently straining to supply 22.6 QBtu with one billion tons of coal per year) will have to meet the demand for oil plus the
demand for natural gas (39.8+23.6+22.6=86.0), 3.7 times the current rate of coal. Given
the difficulties of expanding a coal mine, or increasing rail traffic from the west by a
factor of 3.7, it is difficult to believe that such production levels are achievable.

The NEIP is not unique in questioning current complacency. Hofmeister of Shell forecasts an
“Energy abyss” in ten years.6 The IEA predicts "pricing problems" soon.7 Deffeyes predicts
catastrophe.8 The fact remains that no one knows when oil will become unaffordable.
Absent certainty, the NEIP addresses a risk that is too great to bear.
The Second Threat:
The purpose of presenting the threats is to show that an energy plan has to be integrated into
the larger threat pattern and to have achievable goals that can counter the threats in time.
Since space is at a premium, only the barest outlines of the second threat are appropriate
here. The second threat poses the likelihood that America will not have enough energy to
meet the requirements of global climate change and population growth to 439 million by
2050. What will be needed? Energy use follows population. Global climate change is
already under way. Deserts will move north into America's breadbasket and California's
snow pack will diminish. If trends continue, Kansas, by 2050, will have the same climate as
Arizona in 1999. In order to preserve the food supply, it is likely that—in addition to
conservation—there will be requirements to develop interstate water supplies from the Great
Lakes to the Midwest and to create massive desalination sources on the West Coast. Without
ample affordable energy, such projects are not likely to succeed.
Risk:
America faces a risk of unaffordable oil in one or two decades. Then unaffordable natural
gas, then unaffordable coal. Can we afford to ignore the problem? Paul Krugman:
It would be irresponsible — it‟s tempting to say criminally irresponsible — not to step
back from what could all too easily turn out to be the edge of a cliff .9
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Appendix 2: The case for CAES as central mediator
A macro (system) approach facilitates comprehensive analysis of energy systems. Each of
the three components of an energy system—infrastructure, supply, and demand—must be an
integral part of a comprehensive plan. The high penetration (displacement of fossil fuels)
rates needed by a renewable energy system are impossible without energy storage.
Central mediator
CAES is not an ancillary curiosity. It is the central mediator of a national energy system. Its
roots are not recent. CAES plants were built in 1978 and 1991. A project to evaluate
adiabatic CAES (which uses no natural gas), was funded by the European Commission, in
January 2003. The project was headed by a Chinese researcher.xvii
In November 2004, Chris Bullough, et. al., proposed CAES to "firm" wind energy to base
load quality, at the European Wind Energy conference. The central mediator concept was
proposed in 2005 by Jason Makansi, who noted the potential of energy storage as a "category
killer" for fossil fuels. In October, at a meeting in San Francisco hosted by DOE, Sandia
Labs, and the Energy Storage Association, Makansi revisited the evidence about storage and
then posed two key questions that anticipate the NEIP:



How can storage make wind energy the best new capacity option available, not just a
subsidized resource forced on utilities?
How can storage liquidate the typical arguments against renewable energy? 10

He posed more questions, presenting them as conclusions. Each was answered by "yes."
Wind + Storage xviii






Can it achieve 90% capacity factors typical of a base-load nuclear unit?
Can it provide the flexibility of an intermediate-duty gas-fired combined cycle
plant?
Can it start up reliably like a peaking gas turbine?
Does it help resolve transmission issues?
Does it make us more secure in the world?

And, five years ago, he posed the same idea the NEIP uses as the core concept for America to
solve its energy problems today, the role of CAES as central mediator (underlining added):
"Should electric energy storage be the centerpiece of DOE‟s efforts to modernize and
secure the nation‟s electricity production and delivery infrastructure?"
xvii

Advanced adiabatic compressed air energy storage - AA-CAES, Research Leader: Guest Professor Jinyue Yan
Xiaoyan Ji, http://researchprojects.kth.se/index.php/kb_1/io_8735/io.html
xviii
Capacity factor represents the actual energy delivered in a year versus the theoretical output of a system that is
(impossibly) on line 100% of the time.
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Recent research—led by Alfred Cavalo (Wind-CAES in 2008); Succar and Williams (2009);
Zweibel, Mason and Fthenakis (2008, 2009, 2010)—is transformative for America.
The logic
Using a macro approach, the logic for the centrality of energy storage is clear:
(a) Electric energy systems have a 3:1 efficiency advantage over fossil powered systems.
(b) The fossil share of energy costs to the U.S. economy was $1.37 trillion (oil at $100
per barrel, 2007 data).
(c) A shift to an electric economy for transport, commercial, and industrial uses—at
3:1—would yield savings of about $1 trillion per year.
(d) In order to enable the shift, stable, clean, base load quality electricity is needed
throughout the land at no more than current prices.
(e) There is ample solar and wind energy available in the U.S., but the Intermittency
Problem stands in the way.
(f) Solar and wind—to deliver steady, reliable, base load quality energy—must store part
of the energy produced (about 25% to 33% of total production) and release it for use
when the wind does not blow or the sun does not shine in sufficient quantities.
(g) CAES is a proven technology, in reliable operation in the U.S. since 1991. Ample
numbers of suitable cavities exist around the nation—already identified in the
development of the nation's natural gas storage and distribution system—that can be used
for compressed air.
(h) For solar or wind sources, CAES can solve the intermittency problem, delivering
electricity to the grid that matches or exceeds any reliability standards demonstrated by
fossil or nuclear fuels.
(i) Thus, CAES is a necessary component of any transformative system.
(j) It exists now.
By contrast, conventional wisdom using a micro focus results in incorrect opinions—often
not supported by peer-reviewed literature. Conventional thinking variously reports that
energy storage "doesn't exist," is "too expensive," is "not needed," or it "uses natural gas."xix
A macro approach would concentrate on the behavior of the system. Can a system with
integrated Solar-CAES or Wind-CAES deliver clean and reliable base load electricity around
the nation permanently for 13.5 cents per kWh or less? The NEIP demonstrates that the
answer is yes.

xix

CAES uses natural gas, but—as previously noted—only 1/3 as much as the DOE alternative, "20% Wind by
2030." Moreover, only first generation CAES uses natural gas. Adiabatic CAES (under test in Europe) uses no
natural gas and will thus bend the gas usage curve downward toward zero over time.
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The promise
Vasilis Fthenakis, of Columbia University and Brookhaven National Laboratories, in a recent
communication about the NEIP and the DOE plan (which uses wind backed by natural gas to
"firm" the energy to base load quality), noted:
"Using one-third the natural gas of [DOE's plan] Wind-Gas, Wind-CAES delivers 100%
base load quality power, a 100% replacement for coal. Since CAES is much less sensitive
to natural gas price increases, over time it rapidly becomes less expensive than WindGas. Adiabatic CAES, which will use wasted compression heat instead of natural gas, is
also part of the NEIP. Under test in Europe, adiabatic CAES will be deployed when
ready, likely resulting in pure renewable base load energy."
A macro analysis shows that the NEIP—compared with today's national energy system—
when implemented will save the nation $1 trillion per year of its $14.6 trillion Gross
Domestic Product, while not burdening the federal budget.
Conventional wisdom, focusing on the micro costs of energy storage, has often declared
energy storage to be too expensive—while ignoring macro savings of $1 trillion per year.
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Appendix 3: CAES energy storage and HVDC transmission
The primacy of fossil fuels for electrical generation
Although coal and nuclear generators have (roughly) 6% planned and 6% unplanned outages,
the near-100% reliability of household and industrial electricity is achieved by “reserves,” a
designed overcapacity, maintained in any generation system, that overlaps generators with
12% outages with other units that can fill the gaps. Coal furnishes 50% of America's fuel for
electrical generation, 21 Q-Btu in the form of a billion tons per year. Natural gas furnishes
17%, nuclear power 21%, oil is 2%, and hydro is most of the balance, about 10%.
Today, wind and solar sources provide less than half of one percent of U.S. energy.
The intermittency problem
When the wind does not blow and
the sun does not shine, there is no
power.
The graphic at right shows the
daily Demand (load) and Supply
(wind). The smooth curves (poly)
show central tendencies. Supply
and demand—both daily and
seasonally—are out of phase.
Wind Intermittency
The need for energy storage to
match daily wind and load is
apparent. Energy storage can solve the intermittency problem, which spans periods from
minutes to two weeks.

The DOE approach to solving the intermittency problem
Amplifying previous discussion, the DOE's "20% Wind by 2030" Wind-Gas plan partially
solves the intermittency problem in 3 steps.




The grid operator is forced to buy wind energy first, before other sources
Grid operators must use natural gas turbines on spinning reserve to fill the gaps
DOE subsidizes the wind energy

As noted in the previous section—in the Fthenakis quote—first generation CAES uses 1/3
the natural gas consumed by the DOE Wind-Gas plan, while requiring no subsidies.
As noted on page 1, the DOE approach is limited to small penetration rates. Since it must be
"firmed" by gas, the wind cannot provide dispatchable (schedulable) base load energy.
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Energy Storage Choices
Large capacity energy storage is needed to provide the greater than 80% solar and wind
penetration rates that are essential for solving the intermittency problem (page 3) that has, so
far, kept renewable energy from achieving its full potential.
The graphic at right
shows options for bulk
(electric utility) energy
storage.
The highest
combination of
discharge rating and
power rating show at
the top right. These
technologies are
Pumped Hydro and
CAES.
CAES and pumped
hydro are the only two
units of sufficient
discharge rating
capacity. Pumped hydro
has little undeveloped
capacity, so the only
realistic option is
CAES.

Storage Technologies (Succar, C. Doetsch)

Energy Secretary Chu uses a slightly different version of the same graphic.11 Other options,
like batteries, are shown in lower positions on the graphic.
CAES was first used for energy arbitrage
CAES plants like McIntosh, Alabama
(1991) and Hundorf, Germany (1978)
were originally designed for energy
arbitrage. Store off-peak power from
low-cost continuously running sources
like nuclear plants; re-sell at premium
rates during peak load times. The use
of CAES to store intermittent energy in
order to deliver base load dispatchable
energy to the grid is a logical next step.
CAES Plant, built for Energy Arbitrage
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The promise of CAES to enable wind and solar energy to replace fossil fuels
CAES is arguably the most advanced and flexible existing
electrical generation technology in the world, uniquely
capable—among all types of generation except hydro—of
delivering four different types of power: base load, peaking,
spinning reserve, and regulation. As the natural gas network in
the U.S. proves, there are ample cavities, particularly including
aquifers, available to store the compressed air.

McIntosh, AL CAES

The first CAES plant in the U.S. is shown at left. The unit has a
high reliability and has been in constant operation since 1991
with 2% unplanned outages. It is used as a component of the
local generation system.

How CAES works within the NEIP
The NEIP's Path B replaces fossil fuels with an integrated national electrical grid powered by
intermittent solar and wind energy collected in the Midwest and the Southwest.
The components of the system are shown below: an intermittent source coupled both to the
grid and to CAES storage. The storage has the function of stabilizing the source and creating
base load electricity (steady current 24/7).
The graphic shows:
(Aqua) the solar or
wind supply source.
(Purple) the CAES
energy storage plant
(Red) the national
grid, the HVDC line.
(Yellow) the local
grid, demand.

B
A

C

Incorporating Wind and CAES for Base Load Power
When blowing, wind
energy is routed to
the HVDC grid via B and regulated to base load quality by CAES via C.

CAES storage. Operating ratios—determined by simulation using historic data, normally
about 1/3 via A and 2/3 via B—continue until the reservoir is full. These computations take
into account design standards for reliability, efficiency, and more.
When the wind stops blowing, the CAES plant delivers full capacity to the grid via C.
Because it has separate turbines for inlet and outlet, a CAES plant can both accept new
compressed air via A and deliver regulating power to stabilize current flowing to the grid via
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C at the same time. Depending on the size and design of the storage cavity, a CAES plant can
deliver power to the grid for up to two weeks or more without recharging the compressed air.
Base load steady power: Regulating power from CAES via C insures that any energy
flowing onto the grid from Solar-CAES or Wind-CAES is 100% base load quality power.
HVDC, High voltage direct current transmission
Transmission towers seen around the nation
normally carry high voltage alternating current,
HVAC. The distance limit for AC transmission is
roughly 300 miles before losses tend to become
uneconomical and rise over about 15%-20%. The
limit largely dictates how generating stations
around the nation are distributed—coincident with
population.
The towers in the Siemens graphic at right show a
normal HVAC tower on the left and an equal
capacity HVDC tower on the right.
HVDC transforms the geographic relationships.
With losses on the order of 10% for 2,000 miles (Arizona to New York), CAES need not be
co-located with the energy source. Both can be far distant from population centers.
CAES-HVDC Efficiencies
NEIP efficiencies are extraordinarily high when compared with the 33% efficiency of a heat
engine (coal fired or natural gas fired generation), which bears additional system and
transmission losses. It is unusual for households to receive as much as 30% of the chemical
energy of coal delivered to the local power plant.
The overall NEIP system efficiency, 70%, is astonishing compared with a fossil system.
As shown in the graphic, "Incorporating Wind...," two thirds of the power from the wind or
solar farm goes directly to grid with no losses (100% efficiency, B on the diagram) and 1/3
goes to CAES (A on the diagram), which is about 70% efficient. Thus total losses are 30% of
1/3, and 0% of 2/3, or 10% total losses for the energy between the wind farm and the HVDC
line. Add 10% losses for HVDC from AZ to NY, and add local losses; the total is 30%
losses, or 70% efficiency.
Although there are minor differences, the efficiencies are achieved whether the CAES units
are co-located with the solar or wind farm or whether they are placed at some intermediate
location.
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Thus, about 70% of the power from the solar farm or the wind farm reaches customers’ wall
plugs. This power requires no natural gas turbines on spinning reserve to “firm” the wind
energy, and no subsidies are required.
A missed opportunity
The absence of an idea can be powerful.
In the latter portion of the last century, the Hundorf and McIntosh units could have set the
example for the conversion of national electrical systems to renewable wind and solar
sources.
The Carter Administration pushed hard for renewable energy and was frustrated by the
intermittency problem while CAES sat on the sidelines as curiosity. No one in a position to
change the national course conceived of energy storage as a central mediator of a national
system. [See Appendix 2.]
America’s conversion to a 21st Century clean and inexhaustible energy system was possible
in the early 1990s. The potential to replace coal and natural gas generation of electricity sat
unused.
The future
In the future, without energy storage, fossil fuels will continue to dominate.
Thus, one might imagine a Manhattan Project for energy storage. Until 2009, no such interest
has been shown. Energy storage was actively penalized in the tax code (no longer). Research
funds were minimal (no longer). Two new wind-CAES test plants have been approved and
funded with stimulus money, but the central mediator role has not received recognition.
The NEIP analysis shows that—with CAES as central mediator—86% of all fossil fuel use
(including transport, not just electrical generation) can be eliminated, leaving oil for
petrochemicals, aircraft, the military, and difficult-to-convert large transport.
First and second generation CAES
Second generation adiabatic (no heat gain or loss) CAES has all the advantages of first
generation CAES plus zero use of natural gas.
Under test in Europe, adiabatic CAES preserves the compression heat and transfers it to the
outlet process. The second row in the graphic above shows how heat from the compression
cycle is routed to heat the expanding air at outlet.
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Reliability of CAES
CAES systems are designed to meet specific reliability criteria. Historic records of wind
activity and solar insolation levels provide data to determine "worst case" scenarios. A safety
factor is added and a reliability standard is set. The cavities are chosen with sizes to handle
up to two weeks of air and the CAES units—which use many standard parts from
commercial compressors and turbines—are sized accordingly.

Natural gas and CAES storage cavities
While it is useful to have CAES storage sites near the generating sites, it is not necessary.
HVDC links can allow energy to flow great distances from generation to storage. Moreover,
it is likely that the sites already found for natural gas will be only be the beginning. With
incentives, other sites may be found near potential wind or solar generation areas.
Compressed air, stored at pressures similar to those used by natural gas, has no "dead gas"
penalty in aquifers and is not flammable. The major problems have already been worked out
by the natural gas industry. It is unlikely that storing compressed air in locations around the
nation will be more difficult than storing natural gas.

CAES Deployment: Geographic Limits
There are two main candidates for central
mediator bulk energy storage: pumped hydro
and CAES.
Geography limits pumped hydro, since it is
chained to suitable water. Almost all suitable
sites have been used or ruled out.
By contrast, compressed air energy storage,
CAES—the most efficient and least costly
option available—is suitable anywhere there is
natural gas storage. Generally, look for
pipeline intersections.
U.S. Natural Gas Pipeline System
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The DOE wind-gas plan, "20% Wind by 2030" (electricity only)
The NEIP's first threat states that there is a significant chance that oil, then gas, then coal will
become sequentially unaffordable within 10-20 years. The DOE "20% Wind by 2030" plan,
which affects only electrical generation, will have almost no effect countering this first
threat. Its goals are too low (20% or 30% of 40 Q-Btu, with no effect on vehicles) and too
late (2030).
The Wind-Gas approach, as opposed to Wind-CAES, is designed to fill the energy gaps when
the wind does not blow or the sun does not shine using natural gas turbines on spinning
reserve.
Natural gas turbines are cheap compared with CAES plants of the same generating capacity.
As long as natural gas prices stay below $12/mcf, the DOE Wind-Gas plan may be less
expensive than Wind-CAES. However, over the period from now to mid-century, there is no
assurance that natural gas—which has already seen prices over $10/mcf—will remain
inexpensive. The NEIP analysis of natural gas prices concludes that gas will also become
unaffordable, delayed only if the questionable process of fracking is widely used.xx
Once the $12/mcf threshold has been breached—likely within the next 40 years—CAES will
likely be viewed as a bargain. Oil increased in price tenfold from 1998 to 2008; natural gas is
not immune from huge increases in price. As noted by the Fthenakis quote, CAES—which
uses 1/3 the gas of Wind-Gas—is much less sensitive to gas price changes.
The DOE Wind-Gas plan addresses only electrical generation. For the portion of fossil fuels
burned for electrical generation, Wind-Gas, taken to its limits, will reduce CO2 emissions by
about 65% from 2005 levels. While well short of Copenhagen targets (80%), it is no mean
emissions achievement. Vehicle emissions are not covered by the plan.
Subsidies
Wind-Gas requires subsidies, rather than the market, to work. The NEIP's Solar-CAES or
Wind-CAES require no subsidies.
NEIP, 86% reduction of fossil fuels (all uses)
The NEIP, employing Wind-CAES and HVDC transmission around the nation achieves an
86% reduction of fossil fuel use before mid-century. This exceeds the Copenhagen targets.
The capital cost (including CAES) can be totally recovered from sales of energy through the
system. Funds are separate from the federal budget. Therefore the NEIP can seek the
optimum, not the temporarily cheapest, solution.

xx

Fracking is a risky process due to its ability to poison drinking water aquifers and surface water. There is a
rising controversy concerning this technique. A web search for [fracking "natural gas"] reveals the latest issues.
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http://online.wsj.com/article/SB10001424052748703816204574481273515603770.html
3

For example: Sheila McNulty, ―Oil Sands Test of Obama's Green Credentials,‖ Monday 10 August
2009, Financial Times. http://www.ft.com/cms/s/0/68fed498-85c0-11de-98de-00144feabdc0.html?nclick_check=1
“Before the economic downturn, analysts estimated that pipeline companies and refiners planned to
invest more than $31 billion (€22 billion, £19 billion) by 2015 to export, process and distribute oil
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