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Abstract: This paper presents a scenario depicting life in the United States in the year
2050. The scenario is designed to achieve energy sustainability: fossil fuels and corn
ethanol have been replaced by other sustainable and inexhaustible energy sources. The
scenario describes the disappearance of the suburbs, replaced by a mix of high density
urban centers and low density eco-communities. A suite of advanced technologies and
significant social changes underpin the scenario. Analysis of the energy implications
inherent in the scenario suggest that total US energy consumption would be around
100 quads in 2050, approximately the same as in the year 2010 despite a forecasted
population increase of 130 million.
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1. Introduction

“Energy sustainability is of great importance to overall sustainability given the
pervasiveness of energy use, its importance in economic development and living standards,
and its impact on the environment.” [1]

This paper explores this question: is it possible for the United States to meet its energy needs
sustainably without fossil fuels and corn ethanol? It can be argued that energy is one of the most
pressing policy issues facing the United States today [2,3]. Current rates of fossil fuel use are
unsustainable [4]. Emissions of greenhouse gases from the burning of fossil fuels is the leading cause
of global climate change, which could have catastrophic consequences for human civilization and the
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earth’s biosystem [5]. Dependence on imported oil and natural gas places enormous burdens on the
nation’s economy [6]. In addition to the familiar environmental impacts of fossil fuel use, which
include emissions of criteria pollutants and toxics into the air, the US now realizes the environmental
costs associated with deep-water drilling in the Gulf of Mexico.

Below is presented a scenario which describes one plausible sustainable energy future for the
United States. There is no agreed upon definition of sustainability. The most notable definition of
sustainable development was put forth by the Bruntland Commission: “Development that would meet
the needs of the present without compromising the ability of future generations to meet their own
needs” [7]. According to William Clark, the National Research Council’s position is that sustainability
initiatives should “meet the needs of a much larger but stabilizing human population..., sustain the life
support system of the planet..., and substantially reduce hunger and poverty.” [8] Herman Daly, in
proposing a more operational and actionable definition of sustainability, posits that:

» Non-renewable resources should not be depleted at rates higher than the development rate of
renewable resources,

» renewable resources should not be exploited at a rate higher than their regeneration level, and

» the absorption and regeneration capacity of the natural environment should not be exceeded [9].

To conclude this brief review of sustainability definitions is this comprehensive and provocative
statement from Donella Meadows: “Our rational minds tell us that a sustainable world has to be one in
which renewable resources are used no faster than they regenerate; in which pollution is emitted no
faster than it can be recycled or rendered harmless; in which population is at least stable, maybe
decreasing; in which prices internalize all costs; in which there is no hunger or poverty; in which there
is true enduring democracy. But what else?” [10].

The approach to sustainability that motivated this research is based upon an amalgam of definitions
of sustainability proposed by others. The foundation of the approach described below is an explicit
futures-orientation toward the concept of sustainability. That is, any energy system toward which the
US could transition ought to be able to function into the indefinite future without suffering risks related
to the long-term supply of any inputs. This research considers the indefinite future to extend many
centuries if not several millennia into the future.

Any new energy system also ought to satisfy obligations that current generations have toward future
generations. For example, new energy systems ought not expose future generations to risks not
tolerated by current generations [11], constrict options available to future generations [12], or threaten
the ability of humanity to complete its unfinished business [13]. In this vein, any new energy system
ought to be compatible with a high quality of life, affordable within the context of obligations to future
generations and current generation imperatives, foster different types of life styles, and facilitate the
achievement of other important social policy objectives. One can infer that any new energy system
should not impose additional risks to human and ecological health. Thus, any new energy system
should produce fewer emissions of toxic substances, reduce rates of species extinction, and reduce
emissions of greenhouse gases, among many worthy environmental goals.

This research is based upon an exploratory scenario that depicts a plausible US energy system that
emerges by the year 2050. Scenarios are widely used in futures analyses conducted for business, military
and government decision makers [14-16]. The use of scenarios in environmental, planning and
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sustainability contexts has been more limited. In this special issue, Mulvihill and Kramkowski-Epner [17]
present an excellent review of the scenario literature with respect to the use of scenarios to support
sustainability research. Normally, scenario analyses entail the development of multiple scenarios that
depict disparate visions of possible future worlds [18]. This is the approach followed by two other
papers in this special issue, by Raskin et al. [19], which presents four global scenarios, and
Olabisi et al. [20], which present scenarios describing potential futures for the State of Minnesota. It is
also the approach adopted by the Intergovernmental Panel on Climate Change, which developed a set
of global scenarios to drive emission estimates that then were fed into computationally-intensive
global climate change models [21]. Only one exploratory scenario is presented because a great deal of
effort was expended to thoroughly quantitatively assess its implications for a future national energy
portfolio of the United States, although the scenario’s impacts upon land use and water sustainability
were also qualitatively assessed. The scenario presented herein differs from the others presented in this
special issue because it explicitly incorporates emerging technologies and substantial changes in the
built environment and society.

Scenarios have frequently been used in energy contexts [22]. For example, scenarios have been
used to envision energy futures for Colombia [23]. Scenario work done for the Pew Center on Global
Climate Change by the Global Business Network resulted in these three scenarios:

» Awash in Oil and Gas—assumes that these energy resources are available and cheap;

» Technology Triumphs—commercialization of climate friendly energy technologies is
accelerated through a combination of state policy, technological breakthroughs, public and
private investment, and consumer interest; and

» Turbulent World—supply disruptions and energy security concerns lead to aggressive federal
energy policy promoting domestic, low-risk resources [24].

United Nations University’s Millennium Project has been quite active in developing a
comprehensive set of world scenarios. Their latest 2020 Global Energy Scenarios have these titles:

» Business as usual—the Skeptic-no surprises or much change in energy sources and
consumption patterns;

» Environmental Backlash—International environmental movement becomes much more
organized; some groups lobby for legal actions and new regulations and sue for action in the
courts, while others become violent and attack fossil energy industries;

A\

High-Tech Economy—Technological innovations accelerate beyond current expectations; and
» Political Turmoil—Increasing conflicts and wars, with several countries collapsing into failed
states, leading to increasing migrations and political instabilities around the world [25].

Several other energy-related scenario projects should be noted. The International Energy Agency
developed two versions of the energy future: one that is underinvested, vulnerable, and dirty and
another that is clean, clever, and competitive [26]. The World Energy Council developed four
scenarios at the ends of two axes: high or low engagement by governments; and high or low cooperation
and integration among nations and regions, and among the public and private sectors [27]. The European
Commission has developed a reference projection for the world energy system and two variant scenarios,
a carbon constraint case and a hydrogen case [28]. Finally, Jacobson and Delucchi [29] explore a



Sustainability 2010, 2 3653

worldwide energy scenario that is driven by wind, solar, geothermal, tidal, and hydroelectric energy
sources. Like the scenario presented below, fossil fuels and corn ethanol are eliminated (although
unlike the scenario presented below, so are nuclear and all other forms of ethanol).

This research builds upon previous scenario-based research conducted by Tonn et al. [30] that
explored how different ‘perspectives’ could shape US national energy portfolios. Seven perspectives
were explored, given labels such as Environmentalist, Technolophile, Individualist, and Low-Cost
Bottom-Liner. Each Perspective was distinguished by a specific set of values related to concerns about
greenhouse gas emissions, energy independence, energy security, energy costs, and safety. These
values translated into different preferences for various sources of energy (e.g., coal, nuclear power,
wind, energy efficiency) and policies to support the attainment of their preferred portfolios
(e.g., carbon taxes, federal energy R&D). It was found that different perspectives yielded significantly
different portfolios. Probably most unlike were the Environmentalist and Low-Cost Bottom-Liner
portfolios. The former emphasized reduction of greenhouse gas emissions and consequently favored a
portfolio heavy on renewable and sans coal. The latter, representing industry, favored low-cost coal
and low-cost foreign imports of energy.

This paper extends this research through its representation of an eighth perspective, one which
focuses on long-term sustainability. Like the Environmentalist Perspective, the perspective adopted by
this research eschews unsustainable, non-renewable fossil fuels. This eighth perspective also assumes
that corn ethanol is unsustainable over the long-term because of its minimal energy input-to-output
gains and strains on farmland, water supplies and water quality. Thus, this paper explores a scenario
where the US meets its energy needs over the very long-term without fossil fuels and corn ethanol.

Before presenting the scenario, analytical approach, quantitative results, and support for various key
assumptions, it needs to be emphasized that our scenario is in line with long-held US public opinion,
attitudes and perspectives about energy [31-36]. The transition to a portfolio that encompasses an
abundance of renewable energy resources is also consistent with other research on US energy system
transition [37,38]. The scenario encompasses significant roles for both state and local governments,
both of which are taking on increasing responsibilities for achieving sustainability and climate change
goals [32,39-42]. The scenario envisions great strides towards self-sufficiency in low-density human
settlements, a goal which Sorrell [43] states is very important for achieving sustainability. Lastly, as is
seen below, the scenario simultaneously tackles energy security and climate change, which is one key
to achieving policy gains in both areas [44].

2. The Scenario

Across the United States, people from all walks of life are attending ‘Mid-Century’ parties.
Residents of mega-urban cities like New York, Atlanta, and Minneapolis are enjoying elaborate,
colorful, and amusing parades of holographic images that swiftly move through avenues and quiet
residential streets alike. The images portray scenes from their deep past, the heady present, and their
almost unimaginable future. Laser shows intermingle with traditional fireworks to light up the evening
skies. Those who live in the low density, self-sufficient eco-communities are also celebrating, albeit in
less ostentatious ways.
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America in the year 2050 is scarcely recognizable to those who were alive forty years earlier. The
population of the United States has increased to 430 million. The population is much older. Now,
over 21% of the population is 65 years old or older, up from 12% in the year 2000. The population is
much more diverse. In 1900, 88% of the American population was Caucasian. It took one hundred
years for this percentage to drop to 81%. In 2050, the percentage of the population reporting race as
white has dropped to 46%. Conversely, the Hispanic population has increased to 30% in this
world [45].

At the turn of the century, the US landscape was dominated by sprawling suburbs. Suburbanites
loved their single family detached homes, their lawns, their SUVs, and not having to interact with their
neighbors. Large numbers of workers commuted long distances to work. Suburbanites shopped at big
box retailers and thought nothing of driving 15-20 miles for a meal or soccer practice.

Many analysts decried the American lifestyle from several decades back. Clearly, it was
unsustainable with respect to almost every conceivable measurement, from energy to water, from
biodiversity to food. Analysts today are amazed that the US avoided a catastrophic social, economic
and environmental meltdown but on closer examination, the seeds for the stunning transition were
sown decades ago.

Once the societal gestalt settled on the understanding that the suburbs were completely
unsustainable, their days were numbered. Now, in 2050, the suburbs are no more. They have been
absorbed into mega-cities or have been transformed into highly self-sufficient eco-communities. About
half of the population lives in each type of settlement.

The mega-cities combine a futures vision right out of that historical 2-D animated cartoon show the
Jetsons with a very traditional, but high population density vision of livable cities described by Jane
Jacobs in her famous book The Death and Life of Great American Cities [46]. Neatly arranged
throughout the mega-cities are very high density cores, think of Manhattan, Shanghai, and Hong Kong
replicated in Minneapolis and Dallas. Neighborhoods of attractive multi-family residences and well
integrated commercial, educational and other buildings fill out the rest of the urban landscape. Each
community has its collection of vertical farms, which are multi-story structures designed specifically to
grow vegetables, fruits, fish, and poultry [47]. Seeds of these changes were noticeable at the turn of the
century as long-downtrodden communities such as Harlem were quickly gentrifying, New Urbanism
in planning and use was taking hold, and community sustainability and gardening/farming were
in resurgence.

The buildings are heated by electricity, solar thermal heating systems, district steam systems, and
boilers burning bio-fuels. Appliances in homes are all electric and about 25% more energy efficient
than their ancestors from several decades ago. Most buildings are equipped with closed-loop water
systems. The homes are also smaller than the average from forty years ago. Urban dwellers in the
year 2050 are very cosmopolitan. They rarely stay home and advanced, local production systems make
products and food readily available, inexpensive and immediately recyclable, decreasing needs for
storage space for food, clothes, etc. Most residents have custom-made ‘carts’ that they take shopping.
The carts hold their reusable food containers they take to the stores and can transport most anything
else bought locally. Sidewalks, stores, homes and transportation systems are designed to accommodate
the ubiquitous carts.



Sustainability 2010, 2 3655

The transportation systems in the mega-cities are completely electrified and highly intelligent. A
visitor from the early 21st century might find these mega-cities eerily quiet, as electric taxis and buses
smoothly traverse the traffic calmed streets. Of course, the mega-cities now have the densities and
resources to invest in underground subways that connect the high-density cores. While some citizens
still own their own electric cars (whose weight is now limited by law), most residents travel around the
city via on-demand public transit. Computers whose speeds and capabilities are even beyond those
envisioned by Ray Kurzweil many years ago [48] route and re-route thousands of small ‘jitneys’, large
buses and numerous highly fuel efficient vehicles of all designs [49] based on the current, indicated,
and forecasted transportation needs of the city’s inhabitants.

Despite the high density settlements, the environment is much improved. The transportation sector
does not consume any fossil fuels. Additionally, fossil fuels are also no longer used to produce
electricity. In their place is an amalgam of nuclear, concentrated solar, geothermal, wind, and
unconventional hydro plants. Therefore, emissions of nitric oxides, sulfur dioxides, mercury, carbon
monoxide, and particulates from vehicles and power plants have been eliminated. Tropospheric ozone
is also no longer a public and ecological health concern. Buildings are topped with green roofs and
streets are decorated with urban forestry. Thus, the cities are cooler in the summer and greener.
Wildlife has returned to the trees, roofs, pocket parks, planters, and restored rivers and creeks.

Of course, the ‘environments’ of the urban centers take a back seat to the ‘environments’ of the
ecological communities. Suburbanites of the turn of the century would not recognize the ‘suburbs’ of
today. One way to appreciate today’s eco-communities is to compare and contrast them against
suburban subdivision developments of the past. A typical American subdivision was almost
completely unsustainable. All energy and water were imported. Waste water was whisked away to
treatment plants miles away. The immaculately landscaped subdivisions consisted of inedible grasses,
and ‘invasive’ bushes and trees. As mentioned above, most residents used automobiles to drive to
work and school and all other destinations that composed daily life outside of the home. Typical
subdivision ordinances restricted and/or prohibited drying clothes outside on clothes-lines and any
renovations to homes that could be deemed unaesthetic and therefore impact property values of nearby
homes. Thus, residents were prohibited from installing roof top photovoltaics and hot water tanks or
using the sun to dry their clothes!

The American subdivisions were transformed in the following manner. Instead of growing grass,
lawns were substituted with bio-fuel and agricultural crops and/or indigenous grasses and other
indigenous plants. Treeless expanses of manicured turf have been replaced by oases of indigenous
flower beds, garden plots, trees, and water gardens. Residents now farm these resources themselves or
allow others to grow and harvest the resources for a fee. Ponds for fish, birds and other species
replaced backyard pools. Instead of being governed by ordinances restricting farm animals, these
settlements now have central areas for chickens and other animals. Roofs on single family attached and
detached houses, as well as on mobile homes, are green as well. If not green, the roofs host
photovoltaic panels and solar hot water heater systems. Like homes in the urban areas, most energy
consumed is in the form of electricity, although biomass and biofuels are also used for space and
water heating.

Residents in the low density settlements make heavy use of telecommunications technology for
work, school, education, shopping, etc. In this way, their demand for transportation is greatly reduced
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as compared to the ancestral American suburban drivers. If a household owns a vehicle or two, they
are either electric cars or ones that use bio-fuels. The impervious roads and driveways that dominated
suburbs of yesteryear have given way to pervious roads and driveways. Water tables have recovered to
levels not seen in many years. Water quality has also improved dramatically because fertilizers and
herbicides needed to care for traditional lawns are no longer needed.

Advances in nano-technology have not yet reached levels envisioned by Eric Drexler in his famous
book The Engines of Creation [50]. Society presently does not enjoy the fruits of self-replicating
nano-machines, which the famous science fiction author Charles Stross in his first book, Singularity
Sky, called cornucopia machines [51]. However, 3-D printing is now quite ubiquitous. Most homes
have 3-D printing machines that produce common materials and products, from clothing materials to
cleaning rags, from dishes and glasses to pieces for tables, chairs, beds and toys (some assembly
required!). Mom and pop 3-D shops are licensed to produce more complex and controlled substances
and products, from electronics to medicines. Gone from the landscapes in both types of human
settlements are the big box retailers, although attractive urban malls are popular hangouts for the urban
dwellers. To its credit, Walmart transitioned from being a big box retailer to the world’s leading 3-D
printer, having converted all its stores and warehouses to on-demand production of everything from all
the pieces needed for new homes to climbing walls, carbon fiber toilets, and taxis.

The low-density settlements, contrary to expectation, are blossoming with a virtual Cambrian
explosion of new sub-cultures. One reason is because many of the eco-communities have organized
themselves into collectives of 150 or so individuals, where 150 seems to be a magic number associated
with a group where everyone knows each other and can keep track of the myriad number and
combinations of interpersonal interactions and obligations [52]. Many of these communities have deep
environmental themes. In these communities, homes may have grass floors, carbon-nano walls, niches
for various bugs and plants that live in the home while dealing with wastes and indoor air quality, and
specially designed pathways and systems to allow mega-fauna and humans to better interact. Many of
the electric appliances are human-powered [53]. Some communities feature artists of various
persuasions. There are also research communities, religious communities, sporting communities, etc.
Also, it should be mentioned that those who want to be left completely alone, we call them Home
Dwellers, flourish in the decentralized environments. Lastly, a highly specialized set of communities,
collectively known as the Stewardship Institution, has been established to administer and protect
high-level nuclear waste repositories. These totally self-sufficient communities are specifically
designed to weather both political and economic turmoil so that they can meet their responsibilities
over the next several millennia [54].

3. US National Energy Portfolio in the Year 2050

Tonn et al. [30] developed a tool for constructing future energy portfolios. This tool was used to
construct a US national energy portfolio for the year 2050 that is consistent with the scenario presented
above. The analytical approach consisted of these steps: defining a 2050 base case; distilling the
important energy-related assumptions from the scenario (see Table 1); operationalizing the assumptions
for input into the tool; and iterating among assumptions to produce a sound national energy portfolio.
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Technical literature that supports the key assumptions is both referenced in this section and contained in
extended discussions of several key assumptions in the next section of this paper.

Table 1. Scenario design and supporting technological and social change assumptions.

Scenario Design Assumptions Technology and Social Change Assumptions

L . Electricity transmission losses will decrease by 25%
Liquid Petroleum, Coal, Natural Gas production/ Lo
o o by 2050 due to advancements in high temperature
consumption in the US are eliminated by 2050. ] . - .
superconducting lines and smart grid designs.

) . ... | Transportation energy efficiency will increase by 40%
By 2050, approximately 50% of the population will ) ) .
oo ) . ... | by 2050 due to more efficient vehicles, and reductions
live in super-urban high density areas and 50% will | =~ | ) )
o . . . in trip demand and trip length due to life style and land
live in low-density, semi-self sufficient areas.
use changes.

. . . Energy consumption in the residential, commercial and
Transportation energy consumption by 2050 will

industrial sect ill d by 25% by 2050 due t
be 70% electricity and 30% biofuels. TAustrial sectors With deerease by 2570 by e to

improvements in energy efficiency.

Energy consumption in the pulp and paper sector will
decrease by another 20% by 2050 due to decreased
demands for paper and packaging.

Energy consumed by the US petroleum industry
will fall to zero by 2050.

) Energy consumption in the food sector will decrease by
Nuclear power production to ~26 quads by 2050. .
another 20% by 2050 due to more local production.

Energy consumption in the commercial sector will
Wind power production to ~17 quads by 2050 decrease by another 20% by 2050 due to decrease need

for commercial space

Energy consumption in the residential sector will decrease
i by another 20% by 2050 due to a decrease in the average
Geothermal power production to ~5 quads by 2050. | : ) .
size of homes and an increase in average household size
(which will increase by 20%)

Requisite advances will be made in electric battery

Solar power production to ~36 quads by 2050. technologies, power storage technologies, and smart
grid technologies.

Unconventional Hydro to ~3 quads by 2050.

Increase in biofuels production, multiple sectors,
to ~17 quads by 2050.

The first step was to create a ‘base case’. In the previous research, Tonn et al. [30] used as a base
case the US national energy production and consumption forecasts for 2030 produced by the US
Energy Information Administration (EIA) [55]. This research also started with the EIA base case,
which needed to be extrapolated to the year 2050. The extrapolation was based upon a simple
assumption that consumption will grow proportionally to population at a fixed rate. The 2030
consumption predictions and the projected population growth rate were used to predict the fraction by
which consumption would grow and then applied that across the board to every energy consuming
sector. Then the production of electricity from fossil fuels and other fossil fuel production was
increased proportionally.

Table 2 presents the EIA 2030 forecasts and the extrapolations to the year 2050. By the year 2050,
the base case suggests that US energy consumption could reach almost 132 quadrillion BTUs (quads),
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up from just over 100 quads in 2007. Liquids (defined to include petroleum), natural gas, and coal
continue to dominate the US national energy portfolio. At the bottom of this table is the calculated
independence gap (i.e., the difference between US consumption and production). The independence
gap increases by 50% over this time period, rising to over 46 quads.

Table 2. EIA base case summary.

Component 2007 2010 2020 2030 2040 2050
1. Liquids 39.56 39.33 40.29 41.82 44 .44 47.05
2. Natural Gas 23.58 23.93 24.01 23.39 24.53 25.67
3. Coal 22.70 23.03 27.07 31.40 33.44 35.59
4. Nuclear 8.34 8.31 9.05 9.57 9.57 9.57
5. Hydropower 2.61 2.92 3.00 3.00 3.00 3.00
6. Biomass 2.33 2.33 3.01 3.20 3.20 3.20
7. Biofuels 1.03 1.80 3.44 4.48 4.48 4.48
7A. Biofuels (Biodiesel) 0.06 0.08 0.13 0.16 0.16 0.16
. 7B. Biofuels (Corn Ethanol) 0.54 0.95 1.26 1.26 1.26 1.26
Consumption - -
7C. Biofuels (Cellulosic Ethanol) 0.00 0.01 0.23 0.58 0.58 0.58
7D. Biofuels (Other Ethanol) 0.00 0.00 0.01 0.01 0.01 0.01
7E. Biofuels (Industrial) 0.40 0.67 1.49 2.31 2.31 2.31
8. Wind 0.38 0.74 1.02 1.24 1.24 1.24
9. Geothermal 0.34 0.37 0.58 0.80 0.80 0.80
10. Waste 0.45 0.50 0.51 0.51 0.51 0.51
11. Solar 0.01 0.01 0.03 0.03 0.03 0.03
12. Unconventional Hydro 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports 0.09 0.05 -1.10 -0.73 0.17 0.74
TOTAL US CONSUMPTION 101.40 103.34 11090 118.71 12541 131.88
Component 2007 2010 2020 2030 2040 2050
1. Liquids 13.36 15.03 15.54 15.71 15.16 14.15
2. Natural Gas 19.55 19.85 20.08 20.24 20.17 20.00
3. Coal 23.76 23.97 24.48 25.20 26.85 28.63
4. Nuclear 8.34 8.31 8.41 9.05 9.50 9.57
5. Hydropower 2.61 2.92 2.99 3.00 3.00 3.00
6. Biomass 2.33 2.33 2.60 3.01 3.14 3.20
7. Biofuels 1.00 1.71 2.37 3.12 4.29 4.33
. 7A. Biofuels (Biodiesell) 0.06 0.08 0.17 0.13 0.14 0.16
Production -
7B. Biofuels (Corn Ethanol) 0.54 0.95 1.18 1.26 1.26 1.26
7C. Biofuels (Cellulosic Ethanol) 0.00 0.01 0.03 0.23 0.58 0.58
7D. Biofuels (Other Ethanol) 0.00 0.00 0.00 0.01 0.02 0.01
7E. Biofuels (Industrial) 0.40 0.67 1.00 1.49 2.28 2.31
8. Wind 0.38 0.74 0.87 1.02 1.13 1.24
9. Geothermal 0.34 0.37 0.48 0.58 0.70 0.80
10. Waste 0.45 0.50 0.50 0.51 0.51 0.51
11. Solar 0.01 0.01 0.02 0.03 0.03 0.03
12. Unconventional Hydro 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2. Cont.

TOTAL US PRODUCTION 72.11 75776 7836 8146 8448 8545
INDEPENDENCE GAP 29.29 2758 3254 37.25 4093 4643

Table 3 indicates that the model estimates energy consumption by four sectors: residential,
commercial, industrial and transportation. Electricity is treated separately. In the base case, it is seen
that coal still dominates electricity production and liquids dominate the transportation sector.

Table 3. Detailed forecasts for EIA base case (Quad Btus).

By Component 2007 2010 2020 2030 2040 2050
1. Liquids 1.37 1.31 1.33 1.29 1.37 1.45
Residential
(less 2. Natural Gas 4.87 4.95 5.30 5.32 5.66 5.99
Electricity) 3. Cf)al 0.01 0.01 0.01 0.01 0.01 0.01
6. Biomass 0.46 0.44 0.40 0.38 0.38 0.38
Total Residential 6.71 6.71 7.05 7.00 7.41 7.83
By Component 2007 2010 2020 2030 2040 2050
. 1. Liquids 0.68 0.63 0.68 0.68 0.72 0.77
C"“H:::ml 2. Natural Gas 31 | 304 | 347 | 378 | 402 | 426
Electricity) 3. Cf)al 0.07 0.08 0.08 0.08 0.09 0.09
6. Biomass 0.13 0.13 0.13 0.13 0.13 0.13
Total Commercial 3.99 3.89 4.36 4.68 4.96 5.25
Component 2007 2010 2020 2030 2040 2050
1. Liquids 9.74 9.67 9.27 9.25 9.83 10.41
2. Natural Gas 7.97 8.37 8.39 8.35 8.87 9.39
Industrial 3. Coal 1.94 1.93 2.11 2.26 2.40 2.54
(less 5. Hydropower 0.03 0.03 0.03 0.03 0.03 0.03
Electricity) 6. Biomass 1.56 1.48 1.65 1.83 1.83 1.83
7. Biofuels 0.40 0.67 1.49 2.31 2.31 2.31
10. Waste 0.15 0.15 0.15 0.15 0.15 0.15
Total Industrial 21.79 22.31 23.11 24.18 2542  26.66
Component 2007 2010 2020 2030 2040 2050
1. Liquids 27.22 27.15 28.42 29.98 31.85 | 33.72
2. Natural Gas 0.66 0.68 0.76 0.80 0.85 0.90
7. Biofuels 0.63 1.13 1.95 2.17 2.17 2.17
7A. Biofuels (Biodiesell) 0.06 0.08 0.13 0.16 0.16 0.16
Transportation | 7B. Biofuels (Corn Ethanol) 0.54 0.95 1.26 1.26 1.26 1.26
(Less 7C. Biofuels (Cellulosic
Electricity) Ethanol) 0.00 0.01 0.23 0.58 0.58 0.58
7D. Biofuels (Other Ethanol) 0.00 0.00 0.01 0.01 0.01 0.01
7F. Biofuels (Ethanol Import) 0.03 0.09 0.31 0.15 0.15 0.15
Coal to Liquids 0.00 0.00 0.00 0.00 0.00 0.00
Electricity 0.02 0.02 0.02 0.03 0.03 0.03
Total Transportation 28.53 29.03 31.20 33.03 34.96 36.89




Sustainability 2010, 2 3660

Table 3. Cont.

Component 2007 2010 2020 2030 2040 2050
1. Liquids 0.55 0.56 0.59 0.63 0.67 0.71
2. Natural Gas 6.97 6.89 6.09 5.13 5.13 5.13
3. Coal 20.68 21.01 24.87 29.05 3095 | 3295
4. Nuclear 8.34 8.31 9.05 9.57 9.57 9.57
5. Hydropower 2.58 2.89 2.97 2.97 2.97 2.97
Electricity | Component 2007 2010 2020 2030 2040 2050
6. Biomass 0.18 0.28 0.82 0.86 0.86 0.86
8. Wind 0.38 0.74 1.02 1.24 1.24 1.24
9. Geothermal 0.34 0.37 0.58 0.80 0.80 0.80
10. Waste 0.30 0.35 0.36 0.36 0.36 0.36
11. Solar 0.01 0.01 0.03 0.03 0.03 0.03
12. Unconventional Hydro 0.00 0.00 0.00 0.00 0.00 0.00
Electricity Imports 0.09 0.05 —1.10 —0.73 0.17 0.74
Total Electricity 40.40 41.46 45.26 4991 52.74 5535

With this base case set, the key assumptions distilled from the scenario were applied. The two most
significant assumptions are that fossil fuels and corn ethanol are eliminated both in production and in
use. The production end of the model allowed the elimination of these sources with no real difficulty.
The next step was to move into the consumption end of the model and eliminate fossil fuels there. This
required a few additional assumptions. The first was that fossil fuels can be replaced used to produce
electricity 1:1 with an equal amount of pre-loss electricity from non-fossil fuel sources (losses will in
practice make the amount of electricity consumed significantly larger). The second was that anything
else can be replaced with other biofuels, again on a 1:1 basis. At this point the model meets an energy
demand of 132 quads with large increases in nuclear, wind, geothermal, solar and biofuels. However,
the scenario posits a substantial decrease in energy demand and other significant changes in the
structure of the portfolio itself.

As noted above, the model breaks energy consumption into residential, commercial, industrial, and
transportation sectors. The next step was to go through these one by one and consider how the scenario
will impact the energy consumed within them. Based on current trends with respect to increasing
building envelop, HVAC, lighting, and appliance energy efficiencies, it was conservatively assumed,
all else being equal, that residential energy use decrease by 25% (recently energy efficiencies have
increased about 1% per year [56]). On top of this reduction, a further decrease in the energy used
within residential areas is predicted due to two other key assumptions. The first is that the size of the
average residential unit will decrease to be more in line with what would today be considered an
‘apartment’. Most of the energy consumed within a residential unit ends up being proportional to its
size (for example, heating and lighting), so a reduction in size implies a reduction in energy consumed.
Moving up to the societal level, it is also predict that on average there will be more incentive for
extended families to live together in the future, which would overall decrease the number of
households, the number of housing units needed per capita and thus the energy used in the residential
sector. These two assumptions are discussed more in the next section.
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The commercial sector in many ways mirrors the residential sector in assumptions. Similar
improvements in energy efficiency can be expected. Also, it is suggested that overall commercial
space will reduce in size. The ‘big box’ stores that are so prevalent now will either cease to exist
entirely or be reduced in numbers by changes in shopping demand and patterns suggested by the
scenario. As with residential space most of the energy consumed is directly proportional to space, so
an overall reduction in commercial space is necessarily an overall reduction in energy consumed.

In order to analyze the industrial sector, what products may or may not exist in the future needed to
be considered. As the scenario is predicated around the elimination of petroleum fuels, substantial
reductions in the current petrochemical industry can be envisioned (and given time and research into
alternatives to petrochemicals for products such as plastics, its eventual elimination). Also easily
envisioned is a future where usage of pulp and paper has actually been reduced by a meaningful degree
(e.g., due to further inroads of information technology and decreases in demand for packaging for
products), which would further reduce industrial energy consumption. Also added in is a small factor
that assumes the agricultural system will use more sustainable, energy efficient techniques.
Agricultural energy demand will also decrease because food will be grown more locally in both the
urban and eco-community contexts.

Today energy used for transportation is the largest and fastest growing sector, and the EIA base
case projects this to be the case long into the future. This is a problem, as the overwhelming majority
of the energy used in transportation comes in the form of liquid fuels that are distilled into gasoline and
diesel, for example. Over half of the transportation liquids consumed by the US is imported.

The basic transportation-related assumption is that about 70% of the energy used in transportation
will be electrical (produced by non-fossil fuels), and liquid biofuels will make up the rest. It is then
assumed that the same amount of total energy will be consumed overall by transportation regardless of
the source. This gives a starting point to apply the scenario assumptions. The scenario assumes that
people on average will travel substantially shorter distances, since more people will live in higher
density urban areas. Mode choices in these areas will dramatically move away from personal vehicles
to transit, biking, walking, etc. It is assumed that the number of personal trips made by those living in
eco-communities will be less than those who live in suburbs today because these communities will
substitute tele-commuting, etc. for trips and because these communities will be highly self-sufficient.
All of these changes result in decreases in consumption of energy for transportation. It is also assumed
that technological advances will act to make future vehicles more energy efficient than modern ones.
There is also an assumption that through regulation vehicle sizes in general can be trended down, and
further that large vehicles can be eliminated as much as possible in urban and residential areas. This
allows vehicles in those areas to be smaller, lighter, and more efficient without compromising the
safety of drivers and passengers.

It is, of course, impossible to eliminate long-range travel. Commercial transit and travel between
cities still need to be possible. Pure electric vehicles may not be ideal for this, as their weight increases
substantially as a function of range [57]. Clearly an alternative fuel technology is needed, though on a
more limited basis. The scenario assumes a liquid biofuel-based system, though a hydrogen fuel-cell
system could potentially be used instead if that technology proves more viable in the future.
Hybridized electric-fuel cell vehicles are envisioned by many to provide the appropriate range to
augment battery electric vehicles for long distance travel [58,59]. I