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This paper provides an overview of the projections simulated by
the base case of the Threshold 21 (T21) model customized to the
United States of America, v. 3.3 July 2006. The present study
highlights the main results of the simulation of the model for the
three spheres, society, economy and environment and shows
more in detail the behavior of the energy sector.

“We've learned that the forecasts have been wrong for a hundred years... (these
forecasts) miss out on the fundamental dynamics of markets and technology.”

John Felmy, Chief Economist at the American Petroleum Institute (2005)

"The EIA forecasts of Saudi Arabia production are based on the projected needs of
energy consumers. The figures simply assumed that Saudi Arabia would be able to
produce whatever the United States needed it to produce.”

Peter Maass, The Breaking Point (2005)

Introduction
T21 is an integrated model created for national policy analysis and planning. Its

structure is based on three spheres, society, economy and environment. The
Threshold 21 customized to the U.S. is built up on a set of energy-related issues and
its structure is enriched with numerous energy sectors belonging to the
environmental sphere.

The behavior analysis of T21-USA concentrates on energy and its interconnections

with the three spheres. Nevertheless, given the dynamic nature of the model and the
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existence of numerous feedback loops acting among the sectors of the model, results
and projections generated by T21-USA are shown for each sphere.

The results produced by the interconnection of society, economy and environment,
are presented graphically for the period 1980 - 2050. This long time frame has been
chosen to represent energy transition in the U.S. and its consequences in the
medium and long term.

The simulated behavior of the model is compared to historical data (1980 - 2005)
and projected until 2050. The first 25 years of simulation allows for the validation of
the model. If the model is able to replicate historical behavior of the sectors
considered, it can be assumed that its structure can produce reasonable projections
for the future. In addition, a humber of validation tests have been run to prove and

guarantee the soundness of the model.

Behavior of the Social Sphere

The main outputs of the Social Sectors included in T21-USA are population, its
distribution into age cohorts, and life expectancy (the main endogenous factor
affecting population development). In addition, highly dependent on population are
total labor supply, employment and unemployment. The last indicator analyzed in
this section is labor cost, which is influenced by labor availability and it is used as an

input for labor-related technology development.

Figure 1: Conceptual overview of T21, with emphasis on the Social Sphere.
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Population

The projection of the Total population is shown in Figure 2. Historical data,
represented by the red line, are taken from the United Nations Population Division
database). Total population in the U.S. is projected to grow by 38% in the period
2005 - 2050, reaching 414 million people. Population growth per se should not
considered an issue if the economy and environment guarantee a similar
improvement of the overall quality of life. In the U.S., a population-related problem

is represented by the sustainability of social security and medicare.

total population

600 M
500 M
400 M
300 M
200 M

1980 1990 2000 2010 2020 2030 2040 2050

Time (year)
total population : base person
total population : DataUSA person

Figure 2: Comparing total population in T21-USA to historical data

Population pyramid

The population pyramid is calculated on the basis of initial values of population
associated with each of the age cohorts for the year 1980, births and deaths (both
endogenously calculated). An aging chain included in the population module
determines the shift from one cohort to the next one each year. The total population
results from the sum of all the age cohorts, both for males and females. Four
population pyramids are reported below; for 1980, 2000, 2020 and 2040
respectively. These diagrams show that the number of people aged 65 and older will
increase over the years more than the total population (especially if compared to
those younger). In particular, two waves of population are evident in the medium
term and contribute to the growth of the elderly population. The first one is clearly
visible in the pyramid for 1980 (age 10 to 34) and 2000 (age 30 to 54), while the
second one is visible in the pyramid for 2000 (age 0 to 19) and 2020 (age 25 to 39).
The accumulation of these two waves, coupled with the improvement of health
condition and, therefore, life expectancy, reinforces the growth of the elderly

population in the U.S.
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These projections of the population (which are in line with the U.N. projections)
increase the concerns associated with the sustainability of social security and
medicare.

Furthermore, population - energy linkages include the effect of air concentration of
fossil fuels-related emissions. The relationship between fossil fuel emissions per
hectare of land (CO2 emissions per hectare is assumed to be a good proxy for PM10
emissions) and mortality has been estimated based on data from a study by AEA

Technology Environment, commissioned by the EU.
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Figure 3, Figure 4: Comparing population pyramid in T21-USA to historical data
(1980 - 2000)
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Figure 5, Figure 6: Comparing population pyramid in T21-USA to U.N. projections
(2020 - 2040)
Life Expectancy
The development of life expectancy in the model is mainly determined by income per
capita. Its value is projected to grow, for females from 79 years in 2005 to 82.5 in

2050, and for males from 73.5 years in 2005 to 78 in 2050.
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Figure 7: Comparing life expectancy in T21-USA to historical data

Labor Supply and Employment

Labor supply and employment are both projected to increase, in line with a positive
trend in place since 1980. Simulated labor supply increases by 48% (reaching 237
millions) during the period 2005 - 2050 and employment rises by 58% reaching 234
millions. Intuitively, employment increases faster than the labor force due to the

projected growth of the economy, which is greater than the one of the population.
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Figure 8, Figure 9: Comparing labor supply and total employment in T21-USA to
historical data
Unemployment
The Unemployment Rate shows an interesting pattern of behavior. Oscillations are

clearly visible in both historical and simulated values, but magnitude and cycles
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(influenced by delays) do not always correspond. The unemployment rate decreases
from 7% in 2005 to 1% in 2050 due to the higher increase in production than in
labor force. Even though the projection indicates a low unemployment rate for the
years to come, a faster improvement of technology associated with labor, increased
immigration, and a reduction of the growth rate of the economic production can
eventually increase the unemployment rate in the U.S. in the medium and long term.
The model endogenously calculates all these factors and their effects on the

unemployment rate can be tested by simulating alternative policies.
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Figure 10: Comparing unemployment rate in T21-USA to historical data

Labor Cost
Labor cost is projected to increase by 70% during the period 2005 - 2050. This is

due to the limited availability of labor force, and generates in turn labor technology

improvement.
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Figure 11: Comparing relative labor cost in T21-USA to historical data
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Behavior of the Economic Sphere

The main outputs of the Economic Sectors included in T21-USA are related to the
four agents acting in the U.S. economy; households, government, producers and the
rest of the world (ROW). A few indicators are shown per each agent:
- Households: private investment;
- Government: revenues, expenditure, investment, debt and trust funds;
- Producers: production (GDP) and its components (agriculture, industry and
services);

- ROW: balance of payments, trade balance and net services.

The base case scenario has been calibrated to reproduce a reasonable tax policy that
implies a smooth increase in the actual tax rate, especially on income and profits,
over the next few years (taxes are assumed to increase by +3% reaching the level
of the year 2000 by 2008).

She

Figure 12: Conceptual overview of T21, with emphasis on the Economy Sphere.

Gross Domestic Product

The projections of Gross Domestic Product and value added produced by each sector
(agriculture, industry and services) are shown below. The real GDP at factor cost is
projected to become four times as much as it was in 2005 by 2050, reaching 4.18
trillion USD (using 2000 as base year). More interesting are the projections about
each sector contributing to GDP: agriculture is projected to grow by 70%, industry

by 125%, and services by 345%. In the economic sectors, historical comparison is
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mainly made with data series published by the International Monetary Fund (IMF)
and the Bureau of Economic Analysis (BEA).

From the analysis of the GDP at Factor Cost is it also possible to calculate the weight
of each sector on GDP: agriculture accounted for 1.5% in 2005 and is projected to
decrease to 0.7% by 2050; industry reduces its share from 23% to 13%,; services

increase it's from 75% to 86%.
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Figure 13: Comparing real GDP at market prices in T21-USA to historical data
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Figure 14, Figure 15, Figure 16: Comparing services, industry, and agriculture
production in T21-USA to historical data
Investment
Real private investment increases by 250% in the period 2005 - 2050, while public
investment grows by almost 300%, showing that about 90% of the total investment
is provided by the private sector (its increase is of 260%). In fact, the share of public

investment over the total is smaller than 10% over the whole period of simulation.
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Figure 17: Comparing real private investment and total investment
in T21-USA to historical data

The behavior of investments clearly exhibits the effect of September 11 on the U.S.
economy. Investments were reduced, the growth rate of the economy declined
generating a reduction of revenues for the government and, in turn even lower
investments. Domestic demand and foreign funds then returned to normal levels and

GDP started growing again.
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Figure 18, Figure 19: Comparing investment in mere agriculture and in non-mining
industry in T21-USA to historical data

Government revenues and expenditure
Government revenues and expenditure are projected to increase as much as five

times higher than their value in 2005. Therefore, the overall fiscal balance will

remain negative throughout the simulation and will increase in absolute values.
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revenue and grants budgetary expenditure
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Figure 20, Figure 21: Comparing revenues and grants and budgetary expenditure
in T21-USA to historical data

Government Debt
Because of the negative performance of the overall fiscal balance, government debt
is projected to increase by almost five times, reaching 4.9 Trillion USD in 2050. Its

simulated ratio to GDP (about 80% in 2005) will decrease until 2027 (at 37%) and
then rise again to 56% in 2050.
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Figure 22, Figure 23: Comparing total government debt and its interest
in T21-USA to historical data
Balance of Payments
The Balance of Payments is projected to grow slowly in the medium and long term.
The historical fit of the simulated data is encouraging and the projection is in line

with the positive economic results shown above.

10
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Figure 24: Comparing overall balance of the BOP in T21-USA to historical data

Import and Export
By looking at the resources balance (trade balance and net services), new insights
emerge: the overall balance presented above is positive because of the growth in

capital and finances, while the resource balance is negative and decreasing.
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Figure 25, Figure 26: Comparing trade balance and net services in T21-USA to
historical data

Trust Funds

The development of the Trust Funds is an important issue for the government of the
United States. In fact both social security and medicare funds are projected to peak
and turn negative in the next 20 to 40 years. The projections obtained with T21 are
in line with the ones published by the Congressional Budget Office (CBO). Policy
variables on taxation, expenditure per beneficiary and retirement age have been
added to the structure of the model to allow for the evaluation of new scenarios

generated by alternative policies.

11
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Figure 27, Figure 28: Comparing total real trust funds and social security fund
in T21-USA to historical data

12
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Behavior of the Environmental Sphere

The energy sectors in T21 are built taking into account the physical structure of the
energy market, therefore they emphasize and represent the dynamics of energy
resources and are included in the Environmental Sphere of the model. In addition,
the utilization of exogenous inputs is limited and the full process of demand and
production is endogenously represented in the model. This modeling technique is
necessary when one of the main issues to be analyzed with T21-USA is the energy
transition. Therefore, the behavior of the model tends to reproduce the medium term
trend, without taking into consideration short term oscillations of speculation (e.g. oil

and fossil fuels prices).

Figure 29: Conceptual overview of T21, with emphasis on the Environmental Sphere.
The main outputs of the Environmental Sectors included in T21-USA are related to
energy and can be divided in tow main categories: national and international
indicators. Demand, production, price and cost of fossil fuels, and generation of
emissions are calculated for both U.S. and the rest of the world (ROW). Sectoral
energy demand (residential, commercial, industrial and transportation), investment,
expenditure, carbon cycle and contribution to climate change are represented only
for the U.S.

These indicators are calculated as follows:

- Energy demand is generated by GDP, prices and technology;

13
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- Supply is determined by the availability of resources, technology, capital and
demand;

- Investments are determined by the availability of a reserve and by the
profitability of the market;

- Prices are defined by the availability of the resource and reserves and by the
demand supply balance;

- Emissions are generated from fossil fuel consumption and affect the

population.

U.S. Energy Demand and Supply

Total energy demand projections indicate a growing trend over the next 50 years.
Technology will reduce the intensity of energy on GDP, but energy demand will still
increase. In fact, energy demand is projected to increase by 83% by 2050, reaching
180 QDBTU (Quadrillion British Thermal Units), while simulated GDP will increase by
290%, which indicates that the energy intensiveness of the GDP is decreasing
significantly. On the other hand, the projection of energy demand per capita shows a
growing trend after 2010 that levels off after the world oil production peaks (2020)
and the production and consumption of substitutes sets in. Technology improvement

is still needed to reduce consumption and ease the transition towards renewable

resources.
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Figure 30, Figure 31: Comparing U.S. domestic energy demand and production
in T21-USA to historical data (imports are not shown)

A more interesting analysis regards consumption by energy source, which is going to
shift from oil and gas, to coal, nuclear and renewables. In fact, the projected rise of
oil prices stimulates substitution from oil towards nuclear and renewable energy
sources. Energy sources that are not profitable now may become profitable in the
future (e.g. tar sands, solar and wind energy, hydrogen, alcohol fuels, etc.) due to a

general increase in energy prices. Despite an increase in total energy demand, the

14
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projected share of consumption of oil and natural gas will decrease by 2050 from 40
to 22% and from 23 to 17% respectively. The coal share of total consumption is
projected to increase from 23 to 34%, while renewable energy doubles (6 to 12%)

and nuclear reaches 15% (starting from 8% in 2005).
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Figure 32: Total energy consumption in T21-USA
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Figure 33: Energy sources consumption shares in T21-USA
Fuel demand and supply are shown below for both U.S. and the rest of the world.
This graph shows world demand for oil (and its substitutes) and petroleum
production (top part). The area between the red and the blue line represents the
indicated need for oil substitutes (e.g. alcohol fuels, renewable resources, hydrogen).

The lower part of the graph shows U.S. demand and production.
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Fuel Demand and Supply
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Figure 34: U.S. and world fuel demand and supply in T21
The fuel (oil and its substitutes) dependency factor (calculated as import over
consumption) is projected to increase, reaching 82% by 2050. Conversely simulated
fossil fuel dependency will peak when oil import is at its maximum (2033), reaching

45%, and will decrease thereafter.
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Figure 35, Figure 36: Comparing oil and fossil fuel dependency factor
in T21-USA to historical data

U.S. Petroleum Demand and Supply

The projection of national petroleum demand indicates an increase of 28% by 2050
and shows the turning point in oil demand due to substitution in 2044. Nevertheless,
the dependency from foreign crude is projected to increase (from 62 to 82% by
2050), mainly due to the incapacity of maintaining domestic production, which is
projected to decrease by 40%. The U.S. production has declined since 1970, even
after the exploitation of the Prudhoe Bay fields was initiated and peaked in 1988.
Simulated oil imports increase as long as petroleum is readily available in the world
market. After this moment, crude oil trade will become an issue that is not analyzed
by the current version of T21-USA.
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Oil addition to identified reserves by discovery and development are also shown.

Both are projected to decrease due to the decline of undiscovered resource ad

discovered reserves.
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Figure 37, Figure 38: Comparing U.S. petroleum demand and production
in T21-USA to historical data
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Figure 39, Figure 40: Comparing U.S. indicated import and Alaska production
in T21-USA to historical data
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Figure 41, Figure 42: Comparing U.S. oil discovery and development
in T21-USA to historical data
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Rest of the World Energy Demand and Supply

"The world has never faced a problem like this, previous energy transitions
(wood to coal and coal to oil) were gradual and evolutionary,; oil peaking will
be abrupt and revolutionary.”

Science Applications International, a report commissioned by the United States
Department of Energy's National Energy Technology Laboratory (2005).

"People who are predicting an imminent peak are simply wrong.”
R. Kaufmann, Boston University (2004)
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Figure 43, Figure 44: Comparing world oil demand and world oil production rate
in T21-USA to historical data

Fossil fuel demand from the rest of the world is projected to increase at a higher rate
than in the U.S. (62% relative to 58%), mainly due to demand from fast growing
countries such as China and India. Specifically, simulated petroleum demand will
increase by 312% in China and by 245% in India, by 2050. The impact of growing
demand from large developing countries on the availability of resources for the US is
visible. China and India’s consumption will reduce the availability of fossil fuels
(especially oil and gas) for the US for two main reasons. First, China is taking care of
future petroleum needs by buying oil companies and securing availability for the
future. Also, the geographical location of China and India is an important asset:
these countries are closer to the net exporting countries (e.g. Russia and the Middle

East) than America.
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Figure 45, Figure 46: Comparing China and India petroleum demand in T21-USA to
historical data

Considering petroleum and its substitutes, simulated world fuel demand doubles by
2050, reaching 44,600 MB/year (Million Barrels per year), while oil production
increases by 15% to reach its peak of 33,700 Mb/year in 2020 and declines
thereafter.

Various policy variables have been introduced to the T21-USA model to simulate
different scenarios for world oil production. According to these simulations, the
turning point could be in a few years from now or even as late as in 2040 at 45,000
MB/year.

Fossil Fuel and GHG Emission

Just as the energy consumption, U.S. fossil fuels emissions are projected to increase
by 2050. The simulated growing consumption of oil, gas and coal generates 9.9
Million Tons of greenhouse gas per year by 2050 (scoring a +50% with respect to
the 2005 level). CO, emissions are projected to follow the same path, showing that
effective and timely actions must be taken in order to reach the goals set by the
Kyoto Protocol. On the other hand, simulated greenhouse gas emissions
intensiveness of GDP decreases by 60% over the next 45 years, nonetheless this is
not sufficient to reduce the growth of emissions resulting from fossil fuel
consumption (which is projected to increase by 28%). Similarly, globally by 2050

GHG emissions are projected to have increased by 70%.
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Figure 49, Figure 50: U.S. contribution to world GHG emissions
and U.S. share of world oil demand in T21-USA

Oil Price

The real world oil price is projected to increase more than four times by 2050
relative to its 2005 value. This is due to the decreasing availability of resources,
growing demand and the process of substitution towards renewable resources. The

long delays characterizing the latter, especially for what concerns the substitution of

the car fleet, contribute to the creation of an imbalance between demand and supply.
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Figure 51: Comparing real domestic petroleum price in T21-USA to historical data
Considering historical data, the oil price has decreased over the years until the price
shock of the early 80's. At that time, the petroleum price increased due to an
apparent shortage of oil, which unveiled itself after the domestic production peaked
in the U.S. As soon as world production increased (especially caused by the Saudi
Arabian oil production), prices returned to their original level. Nevertheless, an
important factor characterizing the energy market was revealed: the oil resource is
finite and, as soon as production reaches its peak, petroleum price will increase. The
rise of the oil price can be immediate and steep if substitution is not in place or
smooth and gradual (with a tendency to level off) if the production of alternative
sources can cope with demand.

The projections shown in Figure 52 represent the behavior of domestic and world oil
price when substitution for oil is taken into consideration. In this case, even if the
production peak occurs in 2020 (see Figure 43) the shortage of petroleum becomes
relevant only 6 years later. This is due to the assumptions that the production of
synthetic and biological fuels starts in 2007 and that prices and the lifetime of the
car fleet are the main drivers of the demand of alternative fuels. As a consequence
the demand-supply balance of fuel remains below one until the production of
synthetic and biofuels cannot cope with demand (which happens when world oil
production is steadily declining). As soon as the oil price increases, the demand shifts
from conventional to alternative gasoline due to the replacement of old cars with
new and more efficient ones. At this stage the demand for oil decreases ad its price
declines as well. The tendency for the future is an increasing price due to the
increasing cost of extracting oil from the reservoirs.

The graph below shows two different patterns of behavior: in the US market (blue
line) the oil price remains higher due to the declining imports of crude oil (e.g. when
the whole world is facing shortages) and due to the capacity of producing alternative
fuels for a very large domestic market; as for the rest of the world the transition is
smoother due to a higher availability of substitutes or oil and to a faster replacement

of the car fleet.
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Figure 52: Comparing real domestic and international petroleum price

in T21-USA to historical data

The graph below shows the historical behavior of oil price (1986 to present day,

Figure 53). Speculation and historical events are not taken into consideration by T21.

Therefore the simulated price tends to reproduce the medium term trend of price

(Figure 54).
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Figure 53: Nominal petroleum price, WTI and Brent (1986 - 2006)
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Figure 54: Comparing real petroleum price in T21-USA to historical data
(EIA and Brent)
The oil price is influenced by the availability of reserves, petroleum demand and
supply. The model endogenously calculates the latter, while the former are highly
dependent upon the initial values (for the year 1980) used in the model. Various
policies have been introduced to the structure of T21-USA to reduce the uncertainty
coupled with the estimation of oil reserves and resource. The following sensitivity
analysis shows the ranges of possible results obtained by simulating different

assumptions regarding the resource and the reserves.

World Oil Production Sensitivity Analysis
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Figure 55: Sensitivity analysis on the real oil price; obtained by varying the amount
of the undiscovered resource and the discovered reserve

In the case of high reserve availability in 2005, the simulated oil price decreases
until 2015 and then starts increasing gradually (once again due to the reduced

availability of reserves and the demand supply balance). If, on the other hand, the
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reserves deplete quickly, then price suddenly increases due to the lack of

substitution (see Figure below and Figure 52).

Figure 56: Comparison of the sensitivity analysis on the real oil price and two
scenarios including the effect of substitution

Related Analyses
Oil Production Peak

Since T21 is intended to be a tool for integrated policy planning accessible to anyone,
one of its most important characteristics is the flexibility it offers in testing
assumptions and policies. The following sensitivity analysis, on world oil production,
is an example of the behavior that the model exhibits under extreme condition
testing. For instance, if Matthew Simmons is right when stating that Saudi Arabia is
overproducing its biggest fields, the total amount of recoverable oil would have to be
decreased. If recoverable oil decreases, the oil production peak occurs at an earlier
time than otherwise expected. This is the worst-case scenario as demonstrated by
the sensitivity analyses below; the production peak will be reached in the next few
years (by 2010) and oil prices will rise faster than otherwise expected. If, on the
other hand, the EIA projections are correct, the production peak will not arrive
before 2030 (best-case scenario shown below) and oil prices will remain at a lower
level for a few years before rising due to oil scarcity from depletion. Note that in the
latter case, oil price will not reach the level of the former case because technology

and availability of alternative sources will ease the transition beyond the oil era.
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Figure 57: Sensitivity analysis on the world oil production rate;
obtained by varying the amount of undiscovered resource and discovered reserve

An oil production peak analysis is hereby proposed, based on comparisons between
the EIA, the AAPG (American Association of Petroleum Geologists) and the T21
projections. These can all be reproduced using T21-USA by simulating the model

under various assumptions.
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Figure 58: Comparing T21-USA, EIA and AAPG world petroleum production scenarios
(AAPG only considers crude oil)

Matthew Simmons’ assumptions regarding overproduction in Saudi Arabia and Amory
Lovins’ theory on technological improvement and substitution for oil have been

analyzed with T21-USA. Two graphs reproducing their findings are discussed below.
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Figure 59: Comparing T21-USA base line scenario, Simmons theory (simulated)
and historical data

Matthew Simmons states that up to 80% of Saudi Arabian reserves might have been
lost due to overproduction of the fields. He is also forecasting a Saudi Arabian and
world peak in the near future!. Simmons theory has been tested by introducing in

the model a lower amount of reserves available for production in 2005.
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Figure 60: Simulation of Lovins theory with T21-USA
Amory Lovins states: “"The United States can get completely off oil and revitalize it
economy led by business for profit, saving and substituting for oil cost less than

I

buying oil. Getting completely off oil makes sense and makes money.”2 Lovins

! Simmons, M. R., Twilight in the Desert -The Coming Saudi Oil Shock and the World Economy,

Wiley & Sons, New Jersey, 2005
% Lovins, A. B., et al., Winning the Oil Endgame- Innovation for Profits, Jobs, and Security,

Rocky Mountain Institute, Colorado, 2005

26



Andrea M. Bassi T21-USA v3.3 Base Scenario June 2006

theory has been tested by simulating a faster and higher technological improvement
for what concerns production (exploration, development and especially recovery) and

consumption starting from 2005.
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