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Executive Summary

The U.S. Department of Energy (DOE) is soon to make decisions on the extent
to which natural gas exports will be approved. With the shale gas boom, the US is
expected to have very large natural gas resources, so the key question is would it be
better to rely completely on free market resource allocations which would lead to large
exports of natural gas or to limit natural gas exports so that more could be used in the
US. There are two economic studies of the impacts on the U.S. economy of increased
natural gas exports — one done for DOE by NERA Economic Consultants and the other
by Tyner and Sarica of Purdue University. The NERA study results in a very small
income gain for the U.S. from increased natural gas exports, and the Purdue study
results in a small economic loss.

Any time trade policy questions are raised, it is often not so much about net gains
as about winners and losers. Net gains or losses, whichever may be the case are tiny.
The $10 billion gain in the NERA study amounts to 6 hours of U.S. economic activity.
In the NERA analysis, the losses are in wage and capital income in energy intensive
industries, and the gains are almost exclusively wealth transfers to owners of natural
gas resources. Perhaps a more important question is should the nation accept the
economic losses in many key economic sectors to provide wealth transfers to natural
gas resource owners? In addition, while U.S. industry and consumers would face
higher natural gas and electricity prices, foreign competitors would face lower energy
costs with increased U.S. natural gas exports.

Beyond the economic and income distribution issues, there are also associated
environmental impacts not covered in the NERA study. In the Purdue study, U.S. GHG
emissions increase when there are increased natural gas exports. An argument could
be made that GHG emissions might fall in other regions as they replace coal or other
fossil fuels with cleaner natural gas. However, there likely would be a sort of emissions
transactions cost in liquefying, transport, and de-liquefying the gas that would result still
in a net GHG increase. In addition, because less natural gas would be used in local
fleets because of natural gas exports, there would be an increase in local particulate
emissions due to relatively more use of diesel and less use of CNG.

The bottom line is that there are very important issues concerning whether or to
what extent there really are any economic gains to the U.S. from exporting natural gas
instead of using it domestically. There are income distribution consequences of natural
gas export impacts that need to be factored into the export permit decisions, and there
are environmental impacts that should be counted as well. The results of these two
studies, while showing some similarities are different enough in final outcomes to
warrant much more informed debate on this critically important national policy issue.
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The U.S. Department of Energy (DOE) is soon to make decisions on the extent
to which natural gas exports will be approved. With the shale gas boom, the US is
expected to have very large natural gas resources, so the key question is would it be
better to rely completely on free market resource allocations which would lead to large
exports of natural gas or to limit natural gas exports so that more could be used in the
US. Exports would be economically attractive because there is a very large price gap at
present between US natural gas price (around $3.50/MCF) and prices in foreign
markets, which can range up to $15/MCF. On the other side, there is potentially large
domestic demand for natural gas in electricity generation, industrial applications, the
transportation sector, and for other uses. There is no doubt that exporting a large
amount of natural gas would increase the domestic natural gas price for all these
potential uses. Higher natural gas prices would, in turn, mean higher electricity prices,
so the higher energy costs would go beyond just natural gas users. These higher
energy costs would also lead to contraction in energy intensive sectors relative to the
reference case with small natural gas exports.

NERA Economic Consulting study

In December 2012, DOE released a commissioned study done by NERA
Economic Consultants, a private consulting firm[1]. They used their own proprietary
energy-economy model named NewERA for the analysis. Their results suggest that the
US achieves economic gains from natural gas exports and that the gains increase as
the level of natural gas exports grows. Their result is the classical economic result that
free trade provides net gains to the economy under most conditions. While economic
theory does not suggest that free trade always produces economic gains for all parties
under all conditions, the general argument is that under a wide range of conditions, free
trade does provide net benefits with some winners and some losers. The NERA results
do show higher natural gas prices due to exports with the magnitude of the increase
depending on domestic and global supply and demand factors. The NERA study used
input data and information from a companion study done by the Energy information
Agency in DOE [2], which estimated the impacts of export levels on US natural gas
prices.

The NERA analysis focused on export levels of 6 and 12 BCF per day, but there
were many other scenarios and sensitivity analyses. In general, the welfare or net
income increases estimated in the NERA scenarios were very small, generally ranging
from 0.01 to 0.025 percent over the reference case. There were considerable losses in
capital and wage income in sectors affected by the higher natural gas prices, and





income gains to natural gas resource owners through export earnings and wealth
transfers to resource owners. By 2030 the total net increase in GDP amounted to about
$10 billion 2010%, which could be perceived as being quite small in a $15 trillion
economy [3]. Wage income falls in agriculture, energy intensive sectors, and the
electricity sector. The percentage declines in wages in these sectors were generally
much greater than the percentage increases in net national income. Natural gas price
increases did not exceed 20 percent in any of the simulations. The NewERA energy-
economy model takes inputs from the EIA NEMS natural gas projections [2] and from a
global natural gas model.

Purdue MARKAL-Macro Analysis

The Purdue approach was to use a well-established bottom-up energy model
named MARKAL (MARKet ALlocation). Bottom-up means that the model is built upon
thousands of current and future prospective energy technologies and resources. These
energy resources supply projected energy service demands for the various sectors of
the economy. In addition to the standard MARKAL model, we also have adapted a
version of the MARKAL-Macro model which permits us to include feedbacks between
energy prices and economic activity. Thus the GDP effects of alternative energy
policies are captured as well as technology and supply impacts. For these reasons,
MARKAL-Macro is an ideal tool for this kind of analysis. The Purdue analysis was done
for the two levels from the EIA and NERA reports (6 BCF/day and 12 BCF/day plus 18
BCF per day). The EIA NEMS model is a bottom-up model somewhat similar to
MARKAL. Details of the analysis are available in Sarica and Tyner [4].

The Purdue analysis shows that increasing natural gas exports actually results in
a slight decline in GDP. Essentially the gains from exports are less than the losses in
electricity and energy intensive sectors in the economy. The GDP losses are around
0.04%, 0.11%, and 0.17% for the 6, 12, and 18 BCF/day cases respectively for the year
2035.

The general trends in the change in energy resource mix for 2035 are as follows:
1)the domestic energy share for natural gas falls from 25 to 22 percent) as exports of
natural gas increase; 2)domestic use of coal increases from 21 to 23 percent as natural
gas exports increase; 3)the fraction of oil in total consumption increases from 36 to 37
percent; 4)there are small increases in nuclear and renewables (hydro, solar, wind, and
biomass).

The impacts on the electricity sector come in higher electricity prices and higher
GHG emissions. In 2035, electricity price is up compared with the reference case by
1.1%, 4.3%, and 7.2% for the 6 BCF, 12 BCF, and 18 BCF cases respectively. Of
course, these higher electricity prices are passed through the entire economy through
industrial, commercial, and residential sectors. Electricity GHG emissions in the early
years of the simulation horizon are around 2% higher for the 6 BCF case, and 7-12%
higher for the 12 and 18 BCF cases.





In 2035, CNG use in transportation for the reference case is 1.3 bil. gal. gasoline
equivalent, but it drops to 0.2-0.3 in the three export cases. CNG use in heavy duty
vehicles disappears in the 12 BCF case, and CNG use in most of the vehicle categories
drops considerably. The bottom line is that while CNG use in transport is not large even
in the reference case, it plummets in the export cases.

We examined impacts on the metals, non-metals, paper, and chemical sectors.
Total energy use and thus also economic output declines from 1 to 4 percent in all the
energy intensive sectors depending on the sector and the level of natural gas exports.
Thus, it is easy to see how the Purdue results show a decline in GDP since there are
declines in several key sectors in the economy driven by the higher natural gas prices.

Comparison

These studies use different models, somewhat different data sets, and different
modeling parameters. The results are different, but there are some important
similarities. On GDP impacts, the sign of the change is different. NERA gets a very
small but positive welfare impact, and Purdue MARKAL-Macro gets a small negative
impact. Our view is that because the net income impacts are so small, it is not
appropriate to place much emphasis on that outcome. What is important is to explain
the differences and to understand the drivers of the differences.

Purdue MARKAL-Macro gets larger natural gas price increases, which, in-turn
leads to electricity price increases and to declines in energy use and output for key
energy intensive sectors. The decline in economic activity of these sectors is a key
driver in the decline in GDP. In fact, since neither the Purdue nor the NERA model are
complete global CGE models, the estimated decline in economic activity of these
sectors is probably an underestimate because all these sectors would face higher costs
and would be less competitive on the global market with higher natural gas exports. In
other words, U.S, economic losses likely would be larger than estimated by either
model. Also, other nations would face lower energy costs with our LNG exports.

Any time trade policy questions are raised, it is often not so much about net gains
as about winners and losers. Net gains or losses, whichever may be the case are tiny.
The $10 billion gain in the NERA study amounts to 6 hours of U.S. economic activity.
In the NERA analysis, the losses are in wage and capital income in energy intensive
industries, and the gains are almost exclusively wealth transfers to owners of natural
gas resources. Perhaps a more important question is should the nation accept the
economic losses in many key economic sectors to provide wealth transfers to natural
gas resource owners?

In addition to the economic and income distribution issues, there are also
associated environmental impacts not covered in the NERA study. In the Purdue study,
U.S. GHG emissions increase when there are increased natural gas exports. An
argument could be made that GHG emissions might fall in other regions as they replace
coal or other fossil fuels with cleaner natural gas. However, there likely would be a sort





of emissions transactions cost in liquefying, transport, and de-liquefying the gas that
would result still in a net GHG increase. In addition, because less natural gas would be
used in local fleets because of natural gas exports, there would be an increase in local
particulate emissions due to relatively more use of diesel and less use of CNG.

Conclusions

Beyond the analysis conducted here, it is important to note that neither the model
used in this analysis nor the NERA model are global in scope. Thus, neither includes
the trade impacts of US natural gas exports. However, we can describe those impacts
gualitatively. Increased US natural gas exports will reduce energy costs for industry
and consumers in foreign countries and increase those costs for the US. Thus, US
industry will be rendered less competitive compared with foreign industry. This loss of
export revenue would be in addition to the GDP loss estimated in this analysis.
Moreover, US consumers lose due to higher energy prices, and foreign consumers
gain.

Given all the results of this analysis, it is clear that policy makers need to be very
careful in approving US natural gas exports. While we are normally disciples of the free
trade orthodoxy, one must examine the evidence in each case. We have done that, and
the analysis shows that this case is different. Using the natural gas in the US is more
advantageous than exports, both economically and environmentally.

The bottom line is that there are very important issues concerning whether or to
what extent there really are any economic gains to the U.S. from exporting natural gas
instead of using it domestically. There are income distribution consequences of natural
gas export impacts that need to be factored into the export permit decisions, and there
are environmental impacts that should be counted as well. The results of these two
studies, while showing some similarities are different enough in final outcomes to
warrant much more research and informed debate on this critically important national
policy issue.
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Executive Summary

The U.S. Department of Energy (DOE) is soon to make decisions on the extent
to which natural gas exports will be approved. With the shale gas boom, the US is
expected to have very large natural gas resources, so the key question is would it be
better to rely completely on free market resource allocations which would lead to large
exports of natural gas or to limit natural gas exports so that more could be used in the
US. There are two economic studies of the impacts on the U.S. economy of increased
natural gas exports — one done for DOE by NERA Economic Consultants and the other
by Tyner and Sarica of Purdue University. The NERA study results in a very small
income gain for the U.S. from increased natural gas exports, and the Purdue study
results in a small economic loss.

Any time trade policy questions are raised, it is often not so much about net gains
as about winners and losers. Net gains or losses, whichever may be the case are tiny.
The $10 billion gain in the NERA study amounts to 6 hours of U.S. economic activity.
In the NERA analysis, the losses are in wage and capital income in energy intensive
industries, and the gains are almost exclusively wealth transfers to owners of natural
gas resources. Perhaps a more important question is should the nation accept the
economic losses in many key economic sectors to provide wealth transfers to natural
gas resource owners? In addition, while U.S. industry and consumers would face
higher natural gas and electricity prices, foreign competitors would face lower energy
costs with increased U.S. natural gas exports.

Beyond the economic and income distribution issues, there are also associated
environmental impacts not covered in the NERA study. In the Purdue study, U.S. GHG
emissions increase when there are increased natural gas exports. An argument could
be made that GHG emissions might fall in other regions as they replace coal or other
fossil fuels with cleaner natural gas. However, there likely would be a sort of emissions
transactions cost in liquefying, transport, and de-liquefying the gas that would result still
in a net GHG increase. In addition, because less natural gas would be used in local
fleets because of natural gas exports, there would be an increase in local particulate
emissions due to relatively more use of diesel and less use of CNG.

The bottom line is that there are very important issues concerning whether or to
what extent there really are any economic gains to the U.S. from exporting natural gas
instead of using it domestically. There are income distribution consequences of natural
gas export impacts that need to be factored into the export permit decisions, and there
are environmental impacts that should be counted as well. The results of these two
studies, while showing some similarities are different enough in final outcomes to
warrant much more informed debate on this critically important national policy issue.
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The U.S. Department of Energy (DOE) is soon to make decisions on the extent
to which natural gas exports will be approved. With the shale gas boom, the US is
expected to have very large natural gas resources, so the key question is would it be
better to rely completely on free market resource allocations which would lead to large
exports of natural gas or to limit natural gas exports so that more could be used in the
US. Exports would be economically attractive because there is a very large price gap at
present between US natural gas price (around $3.50/MCF) and prices in foreign
markets, which can range up to $15/MCF. On the other side, there is potentially large
domestic demand for natural gas in electricity generation, industrial applications, the
transportation sector, and for other uses. There is no doubt that exporting a large
amount of natural gas would increase the domestic natural gas price for all these
potential uses. Higher natural gas prices would, in turn, mean higher electricity prices,
so the higher energy costs would go beyond just natural gas users. These higher
energy costs would also lead to contraction in energy intensive sectors relative to the
reference case with small natural gas exports.

NERA Economic Consulting study

In December 2012, DOE released a commissioned study done by NERA
Economic Consultants, a private consulting firm[1]. They used their own proprietary
energy-economy model named NewERA for the analysis. Their results suggest that the
US achieves economic gains from natural gas exports and that the gains increase as
the level of natural gas exports grows. Their result is the classical economic result that
free trade provides net gains to the economy under most conditions. While economic
theory does not suggest that free trade always produces economic gains for all parties
under all conditions, the general argument is that under a wide range of conditions, free
trade does provide net benefits with some winners and some losers. The NERA results
do show higher natural gas prices due to exports with the magnitude of the increase
depending on domestic and global supply and demand factors. The NERA study used
input data and information from a companion study done by the Energy information
Agency in DOE [2], which estimated the impacts of export levels on US natural gas
prices.

The NERA analysis focused on export levels of 6 and 12 BCF per day, but there
were many other scenarios and sensitivity analyses. In general, the welfare or net
income increases estimated in the NERA scenarios were very small, generally ranging
from 0.01 to 0.025 percent over the reference case. There were considerable losses in
capital and wage income in sectors affected by the higher natural gas prices, and



income gains to natural gas resource owners through export earnings and wealth
transfers to resource owners. By 2030 the total net increase in GDP amounted to about
$10 billion 2010%, which could be perceived as being quite small in a $15 trillion
economy [3]. Wage income falls in agriculture, energy intensive sectors, and the
electricity sector. The percentage declines in wages in these sectors were generally
much greater than the percentage increases in net national income. Natural gas price
increases did not exceed 20 percent in any of the simulations. The NewERA energy-
economy model takes inputs from the EIA NEMS natural gas projections [2] and from a
global natural gas model.

Purdue MARKAL-Macro Analysis

The Purdue approach was to use a well-established bottom-up energy model
named MARKAL (MARKet ALlocation). Bottom-up means that the model is built upon
thousands of current and future prospective energy technologies and resources. These
energy resources supply projected energy service demands for the various sectors of
the economy. In addition to the standard MARKAL model, we also have adapted a
version of the MARKAL-Macro model which permits us to include feedbacks between
energy prices and economic activity. Thus the GDP effects of alternative energy
policies are captured as well as technology and supply impacts. For these reasons,
MARKAL-Macro is an ideal tool for this kind of analysis. The Purdue analysis was done
for the two levels from the EIA and NERA reports (6 BCF/day and 12 BCF/day plus 18
BCF per day). The EIA NEMS model is a bottom-up model somewhat similar to
MARKAL. Details of the analysis are available in Sarica and Tyner [4].

The Purdue analysis shows that increasing natural gas exports actually results in
a slight decline in GDP. Essentially the gains from exports are less than the losses in
electricity and energy intensive sectors in the economy. The GDP losses are around
0.04%, 0.11%, and 0.17% for the 6, 12, and 18 BCF/day cases respectively for the year
2035.

The general trends in the change in energy resource mix for 2035 are as follows:
1)the domestic energy share for natural gas falls from 25 to 22 percent) as exports of
natural gas increase; 2)domestic use of coal increases from 21 to 23 percent as natural
gas exports increase; 3)the fraction of oil in total consumption increases from 36 to 37
percent; 4)there are small increases in nuclear and renewables (hydro, solar, wind, and
biomass).

The impacts on the electricity sector come in higher electricity prices and higher
GHG emissions. In 2035, electricity price is up compared with the reference case by
1.1%, 4.3%, and 7.2% for the 6 BCF, 12 BCF, and 18 BCF cases respectively. Of
course, these higher electricity prices are passed through the entire economy through
industrial, commercial, and residential sectors. Electricity GHG emissions in the early
years of the simulation horizon are around 2% higher for the 6 BCF case, and 7-12%
higher for the 12 and 18 BCF cases.



In 2035, CNG use in transportation for the reference case is 1.3 bil. gal. gasoline
equivalent, but it drops to 0.2-0.3 in the three export cases. CNG use in heavy duty
vehicles disappears in the 12 BCF case, and CNG use in most of the vehicle categories
drops considerably. The bottom line is that while CNG use in transport is not large even
in the reference case, it plummets in the export cases.

We examined impacts on the metals, non-metals, paper, and chemical sectors.
Total energy use and thus also economic output declines from 1 to 4 percent in all the
energy intensive sectors depending on the sector and the level of natural gas exports.
Thus, it is easy to see how the Purdue results show a decline in GDP since there are
declines in several key sectors in the economy driven by the higher natural gas prices.

Comparison

These studies use different models, somewhat different data sets, and different
modeling parameters. The results are different, but there are some important
similarities. On GDP impacts, the sign of the change is different. NERA gets a very
small but positive welfare impact, and Purdue MARKAL-Macro gets a small negative
impact. Our view is that because the net income impacts are so small, it is not
appropriate to place much emphasis on that outcome. What is important is to explain
the differences and to understand the drivers of the differences.

Purdue MARKAL-Macro gets larger natural gas price increases, which, in-turn
leads to electricity price increases and to declines in energy use and output for key
energy intensive sectors. The decline in economic activity of these sectors is a key
driver in the decline in GDP. In fact, since neither the Purdue nor the NERA model are
complete global CGE models, the estimated decline in economic activity of these
sectors is probably an underestimate because all these sectors would face higher costs
and would be less competitive on the global market with higher natural gas exports. In
other words, U.S, economic losses likely would be larger than estimated by either
model. Also, other nations would face lower energy costs with our LNG exports.

Any time trade policy questions are raised, it is often not so much about net gains
as about winners and losers. Net gains or losses, whichever may be the case are tiny.
The $10 billion gain in the NERA study amounts to 6 hours of U.S. economic activity.
In the NERA analysis, the losses are in wage and capital income in energy intensive
industries, and the gains are almost exclusively wealth transfers to owners of natural
gas resources. Perhaps a more important question is should the nation accept the
economic losses in many key economic sectors to provide wealth transfers to natural
gas resource owners?

In addition to the economic and income distribution issues, there are also
associated environmental impacts not covered in the NERA study. In the Purdue study,
U.S. GHG emissions increase when there are increased natural gas exports. An
argument could be made that GHG emissions might fall in other regions as they replace
coal or other fossil fuels with cleaner natural gas. However, there likely would be a sort



of emissions transactions cost in liquefying, transport, and de-liquefying the gas that
would result still in a net GHG increase. In addition, because less natural gas would be
used in local fleets because of natural gas exports, there would be an increase in local
particulate emissions due to relatively more use of diesel and less use of CNG.

Conclusions

Beyond the analysis conducted here, it is important to note that neither the model
used in this analysis nor the NERA model are global in scope. Thus, neither includes
the trade impacts of US natural gas exports. However, we can describe those impacts
gualitatively. Increased US natural gas exports will reduce energy costs for industry
and consumers in foreign countries and increase those costs for the US. Thus, US
industry will be rendered less competitive compared with foreign industry. This loss of
export revenue would be in addition to the GDP loss estimated in this analysis.
Moreover, US consumers lose due to higher energy prices, and foreign consumers
gain.

Given all the results of this analysis, it is clear that policy makers need to be very
careful in approving US natural gas exports. While we are normally disciples of the free
trade orthodoxy, one must examine the evidence in each case. We have done that, and
the analysis shows that this case is different. Using the natural gas in the US is more
advantageous than exports, both economically and environmentally.

The bottom line is that there are very important issues concerning whether or to
what extent there really are any economic gains to the U.S. from exporting natural gas
instead of using it domestically. There are income distribution consequences of natural
gas export impacts that need to be factored into the export permit decisions, and there
are environmental impacts that should be counted as well. The results of these two
studies, while showing some similarities are different enough in final outcomes to
warrant much more research and informed debate on this critically important national
policy issue.
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