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Executive summary

2013
annual
installations

Trends and
cumulative
installations

Wind
power
installations

- 11,159 MW of wind power capacity (worth between €13 bn and €18 bn) was
installed in the EU-28 during 2013, a decrease of 8% compared to 2012
installations.

- EU wind power installations for 2013 show the negative impact of market,
regulatory and political uncertainty sweeping across Europe. Destabilised legis-
lative frameworks for wind energy are undermining investments.

- Wind power is the technology which installed the most in 2013: 32% of total
2013 power capacity installations - five percentage points higher than during
the previous year.

- Renewable power installations accounted for 72% of new installations during
2013: 25 GW of a total 35 GW of new power capacity, up from 70% the
previous yeatr.

- There are now 117.3 GW of installed wind energy capacity in the EU: 110.7
GW onshore and 6.6 GW offshore.

- The EU’s total installed power capacity increased by 13 GW net to 900 GW,
with wind power increasing by 11.2 GW and reaching a share of total installed
generation capacity of 13%, up one percentage point compared to the previous
year.

- Since 2000, over 28% of new capacity installed has been wind power, 55%
renewables and 92% renewables and gas combined.

- The EU power sector continues its move away from fuel oil and coal with each
technology continuing to decommission more than it installs.

- Annual installations of wind power have increased over the last 13 years, from
3.2 GW in 2000 to 11.2 GW in 2013, a compound annual growth rate of 10%.

- A total of 117.3 GW is now installed in the European Union, an increase in
installed cumulative capacity of 10% compared to the previous year.

- Germany remains the EU country with the largest installed capacity followed by
Spain, the UK and Italy. Fifteen EU countries have more than 1 GW of installed
capacity, including two newer EU countries (Poland and Romania), and eight EU
countries have more than 4 GW of installed capacity.

- The volatility across Europe has contributed to 46% of all new installations
in 2013 being in just two countries (Germany and the UK), a significant
concentration compared to the trend of previous years whereby installations
were increasingly spread across healthy European Markets. This is a level of
concentration that has not been seen in the EU’s wind power market since
2007 when the three wind energy pioneering countries (Denmark, Germany
and Spain) together represented 58% of all new installations that year.

- A number of previously healthy markets such as Spain, Italy and France have
seen their rate of wind energy installations decrease significantly in 2013, by
84%, 65% and 24% respectively.

- Offshore saw a record growth in 2013 (+1.6 GW); the outlook for 2014 and
2015 is stable, but not growing.

- The wind power capacity installed by the end of 2013 would, in a normal wind
year, produce 257 TWh of electricity, enough to cover 8% of the EU’s electricity
consumption — up from 7% the year before.
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20413 annual installations

Wind power capacity installations

During 2013, 12,030 MW of wind power was installed
across Europe, of which 11.159 MW was in the
European Union, 8% less than the previous year.

Of the 11,159 MW installed in the EU, 9,592 MW
was onshore and 1,567 MW offshore. In 2013, the
onshore market decreased in the EU by 12%, whilst
offshore installations grew by 34%. Overall, the wind
energy market decreased by 8% compared to 2012
installations.

Investment in EU wind farms was between €13 billion
(bn) and €18 bn. Onshore wind farms attracted around
€8 bn to €12 bn, while offshore wind farms accounted
for €4.6 bn to €6.4 bn.

In terms of annual installations, Germany was the
largest market in 2013, installing 3,238 MW of new
capacity, 240 MW of which (7%) offshore. The UK came
in second with 1,883 MW, 733 MW of which (39%)
offshore, followed by Poland with 894 MW, Sweden
(724 MW), Romania (695 MW), Denmark (657 MW),
France (631 MW) and Italy (444 MW).

The emerging markets of central and eastern Europe,
including Croatia, installed 1,755 MW, 16% of total
installations. In 2013, these countries represent a
slightly smaller share of the total EU market than in
2012 (18%).

Moreover, 46% of all new EU installations in 2013
were in just two countries (Germany and the Uk), a
significant concentration compared to the trend of
previous years when installations were increasingly
spread across Europe. This is a level of concentration
that has not been seen in the EU’s wind power market

FIGURE 1.1: EU MEMBER STATE MARKET SHARES FOR NEW
CAPACITY INSTALLED DURING 2013 IN MW. TOTAL 11,159 MW
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since 2007 when the three wind energy pioneering
countries (Denmark, Germany and Spain) together
represented 58% of all new installations that year.

A number of previously large markets such as Spain,
Italy and France have seen their rate of wind energy
installations decrease significantly in 2013, by 84%,
65%, 24% respectively.

Offshore accounted for almost 14% of total EU wind
power installations in 2013, four percentage points
more than in 2012, further confirming the high level
of concentration in annual installations during 2013.
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Power capacity installations

Overall, during 2013, 35 GW of new power generating
capacity was installed in the EU, 10 GW less than in
2012.

Wind power accounted for 32% (11.2 GW) of new
installations in 2013. Followed by solar PV (31%, 11
GW) and gas (21%, 7.5 GW).

No other technologies compare to wind, PV and gas in
terms of new installations. Coal installed 1.9 GW (5%
of total installations), biomass 1.4 GW (4%), hydro 1.2
GW (4%), CSP 419 MW (1%), fuel oil 220 MW, waste
180 MW, nuclear 120 MW, geothermal 10 MW and
ocean 1 MW.

During 2013, 10 GW of gas capacity was decommis-
sioned, as were 7.7 GW of coal, 2.7 GW of fuel oil and
750 MW of biomass capacity.

FIGURE 1.2: SHARE OF NEW POWER CAPACITY INSTALLATIONS
IN EU, TOTAL 35,181 MW
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FIGURE 1.3: NEW INSTALLED POWER CAPACITY AND DECOMMISSIONED POWER CAPACITY IN MW
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Renewable power capacity installations

In 2013, a total of 25.4 GW of renewable power
capacity installations were installed. Over 72% of all
new installed capacity in the EU was renewable. It was,
furthermore, the sixth year running that over 55% of all
new power capacity in the EU was renewable.

Trends & cumulative installations

Renewable power capacity installations

FIGURE 1.4: 2013 SHARE OF NEW RENEWABLE POWER
CAPACITY INSTALLATIONS IN MW, TOTAL 25,450 MW
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In 2000, new renewable power capacity installations
totalled a mere 3.6 GW. Since 2010, annual renew-
able capacity additions have been between 24.7 GW
and 35.2 GW, eight to ten times higher than in 2000.

The share of renewables in total new power capacity
additions has also grown. In 2000, the 3.6 GW

represented 22.4% of new power capacity installa-
tions, increasing to 25 GW representing 72% in 2013.

385 GW of new power capacity has been installed in
the EU since 2000. Of this, over 28% has been wind
power, 55% renewables and 92% renewables and gas
combined.

FIGURE 2.1: INSTALLED POWER GENERATING CAPACITY PER YEAR IN MW AND RENEWABLE ENERGY SHARE (%)
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Net changes in EU installed power capacity 2000-2013

The net growth since 2000 of gas power (131.7 GW),
wind (115.4 GW) and solar PV (80 GW) was at the
expense of fuel oil (down 28.7 GW), coal (down 19
GW) and nuclear (down 9.5 GW). The other renewable
technologies (hydro, biomass, waste, CSE geothermal
and ocean energies) have also been increasing their
installed capacity over the past 13 years, albeit more
slowly than wind and solar PV.

The EU’s power sector continues to move away from
fuel oil, coal and nuclear while increasing its total
installed generating capacity with gas, wind, solar PV
and other renewables.

FIGURE 2.2: NET ELECTRICITY GENERATING INSTALLATIONS IN THE EU 2000-2013 (GW)
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Wind power’s share of total installed power capacity
has increased five-fold since 2000; from 2.4% in 2000
to 13% in 2013. Over the same period, renewable

FIGURE 2.3: EU POWER MIX 2000

capacity increased by 61% from 24.5% of total power
capacity in 2000 to 39.6% in 2013.

FIGURE 2.4: EU POWER MIX 2013
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A closer look at wind power installations

Total installed power capacity

Annual wind power installations in the EU have GW in 2000 to 11 GW in 2013, a compound annual
increased steadily over the past 13 years from 3.2 growth rate of over 10%.

FIGURE 3.1: ANNUAL WIND POWER INSTALLATIONS IN EU (GW)
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National breakdown of wind power installations

In 2000, the annual wind power installations of the Moreover, in 2000, the countries that make up, today,
three pioneering countries — Denmark, Germany and the 13* newer EU Member States, had no wind energy,
Spain — represented 85% of all EU wind capacity addi- in 2013, they reached 16% of the EU’s total market.
tions. By 2012, they represented only 29% of total However, 90% of those installations were in just two
installations. In 2013, although the Spanish market countries, Poland and Romania.

contracted significantly compared to the previous year

(-84%), the German market grew by 36% and instal- This indicates that the renewables policy instability that
lations in the three pioneering countries together has affected numerous countries in the EU is leading

represented 36% of the EU market.

to increased concentration of wind energy installation
in a handful of countries.

FIGURE 3.2 SHARE OF EU WIND POWER MARKET, PIONEERING COUNTRIES, NEWER MEMBER STATES, AND REST OF EU (GW)
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Onshore and offshore annual markets

2013 was a record year for offshore installations, with 1,567 MW of new capacity grid connected. Offshore wind
power installations represent over 14% of the annual EU wind energy market, up from 10% in 2012.

FIGURE 3.3: ANNUAL ONSHORE AND OFFSHORE INSTALLATIONS (MW)
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A total of 117 GW is now installed in the European

FIGURE 3.4: CUMULATIVE WIND POWER INSTALLATIONS IN THE

Union, a growth of 10% on the previous year and lower EU (GW)
to the growth recorded in 2012 (+12% compared

to 2011). Germany remains the EU country with the

largest installed capacity, followed by Spain, the UK,

Italy and France. Eleven other EU countries have over 120

1 GW of installed capacity: Austria, Belgium, Denmark,
France, Greece, Ireland, The Netherlands, Poland,
Portugal, Romania and Sweden.

Eight of the latter (Denmark, France, Germany, Italy,

Portugal, Spain, Sweden, United Kingdom), have more
than 4 GW of installed wind energy capacity.
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Germany (34.3 GW) and Spain (23 GW) have the largest FIGURE 3.5: EU MEMBER STATE MARKET SHARES FOR TOTAL
cumulative installed wind energy capacity in Europe. INSTALLED CAPACITY (TOTAL 118 GW)
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Estimated wind energy production

The wind energy capacity currently installed in the EU electricity, enough to cover the 8% of the EU’s total
would produce in an average wind year 257 TWh of electricity consumption.

TABLE 1: WIND ENERGY SHARE OF EU ELECTRICITY CONSUMPTION?

Total EU
electricity

Share of EU Share of EU Share of EU
consumption met | consumption met | consumption met
by onshore wind | by offshore wind by wind

Onshore wind Offshore wind
energy production | energy production

consumption

3,280 TWh 233 TWh 24 TWh 7.1% 0.7% 7.8%

2 Wind energy penetration levels are calculated using average capacity factors onshore and offshore and Eurostat electricity
consumption figures (2011). Consequently, table 1 indicates approximate share of consumption met by the installed wind energy
capacity at end 2013. The figure does not represent real wind energy production over a calendar year.
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Comparative Life-Cycle Air
Emissions of Coal, Domestic Natural

Gas, LNG, and SNG for Electricity
Generation

PAULINA JARAMILLO,*
W. MICHAEL GRIFFIN,"* AND
H. SCOTT MATTHEWSTS

Civil and Environmental Engineering Department, Tepper
School of Business, and Department of Engineering and
Public Policy, Carnegie Mellon University, 5000 Forbes
Avenue, Pittsburgh, Pennsylvania 15213-3890

The U.S. Department of Energy (DOE) estimates that in
the coming decades the United States’ natural gas (NG)
demand for electricity generation will increase. Estimates
also suggest that NG supply will increasingly come

from imported liquefied natural gas (LNG). Additional
supplies of NG could come domestically from the production
of synthetic natural gas (SNG) via coal gasification—
methanation. The objective of this study is to compare
greenhouse gas (GHG), SO, and NOy life-cycle emissions
of electricity generated with NG/LNG/SNG and coal.

This life-cycle comparison of air emissions from different
fuels can help us better understand the advantages

and disadvantages of using coal versus globally sourced
NG for electricity generation. Our estimates suggest that
with the current fleet of power plants, a mix of domestic
NG, LNG, and SNG would have lower GHG emissions than
coal. If advanced technologies with carbon capture and
sequestration (CCS) are used, however, coal and a mix of
domestic NG, LNG, and SNG would have very similar life-
cycle GHG emissions. For SO, and NO, we find there are
significant emissions in the upstream stages of the NG/
LNG life-cycles, which contribute to a larger range in SOy
and NO, emissions for NG/LNG than for coal and SNG.

1. Introduction

Natural gas currently provides 24% of the energy used by
United States homes (I). It is an important feedstock for the
chemical and fertilizer industry. Low wellhead gas prices
(less than $3/thousand cubic feet (Mcf) (2)) spurred a surge
in construction of natural-gas-fired power plants: between
1992 and 2003, while coal-fired capacity increased only from
309 to 313 GW, natural-gas-fired capacity more than tripled,
from 60 to 208 GW (3). Adding to this was the Energy
Information Agency’s (EIA) prediction of continued low
natural gas prices (around $4/Mcf) through 2020 (4), lower
capital costs, shorter construction times, and generally lower
air emissions for natural-gas-fired plants that allowed power
generators to meet the clean air standards (5). However,
instead of remaining near projected levels, the average

* Corresponding author phone: 412-268-8769; fax: 412-268-7813;
e-mail: pjaramil@andrew.cmu.edu.

T Civil and Environmental Engineering Department.

* Tepper School of Business.

S Department of Engineering and Public Policy.
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wellhead price of natural gas peaked at $11/Mcf in October
2005 (6). This price increase made natural gas uneconomical
as afeedstock, so most natural-gas-fired plants are operating
below capacity (7). Despite these trends, natural gas con-
sumption is expected to increase by 20% of 2003 levels by
2030. Demand from electricity generators is projected to grow
the fastest. At the same time, natural gas production in the
United States and pipeline imports from Canada and Mexico
are expected to remain fairly constant (8). The gap between
North American supply and U.S. demand can only be met
with alternative sources of natural gas, such as imported
liquefied natural gas (LNG) or synthetic natural gas (SNG)
produced from coal. Current projections by EIA estimate
that LNG imports will increase to 16% of the total U.S. natural
gas supply by 2030 (8). Alternatively, Rosenberg et al. call for
congress to promote gasification technologies that use coal
to produce SNG. This National Gasification Strategy calls for
the United States to produce 1.5 trillion cubic feet (tcf) of
synthetic natural gas per year within the next 10 years (7),
equivalent to 5% of expected 2030 demand.

The natural gas system is one of the largest sources of
greenhouse gas emissions in the United States, generating
around 132 million tons of CO, equivalents annually (I).
Significant emissions of criteria air pollutants also come from
upstream combustion life-cycle stages of the gas. Emissions
from the emerging LNG life-cycle stages or from the
production of SNG have not been studied in detail. If larger
percentages of the U.S. supply of natural gas will come from
these alternative sources, then LNG or SNG supply chain
emissions become an important part of understanding overall
natural gas life-cycle emissions. Also, comparisons between
coal and natural gas that concentrate only on the emissions
at the utility plant may not be adequate. The objective of this
study is to perform a life-cycle analysis (9, 10) of natural gas,
LNG, and SNG. Direct air emissions from the processes during
the life-cycle will be considered, as well as air emissions from
the combustion of fuels and electricity used to run the
process. A comparison with coal life-cycle air emissions will
be presented, in order to have a better understanding of the
advantages and disadvantages of using coal versus natural
gas for electricity generation.

2. Fuel Life-Cycles

The natural gas life-cycle starts with the production of natural
gas and ends at the combustion plant. Natural gas is extracted
from wells and sent to processing plants where water, carbon
dioxide, sulfur, and other hydrocarbons are removed. The
produced natural gas then enters the transmission system.
The U.S. transmission system also includes some storage of
natural gas in underground facilities such as reconditioned
depleted gas reservoirs, aquifers, or salt caverns to meet
seasonal and/or sudden short-term demand. From the
transmission and storage system, some natural gas goes
directly to large-scale consumers, like electric power genera-
tors, which is modeled here. The rest goes into local
distribution systems that deliver it to residential and com-
mercial consumers via low-pressure, small-diameter pipe-
lines.

The use of liquefied natural gas (LNG) adds three
additional life-cycle stages to the natural gas life-cycle
described above. Natural gas is produced and processed to
remove contaminants and transported by pipeline relatively
short distances to be liquefied. In the liquefaction process,
natural gas is cooled and pressurized (11). Liquefaction plants
are generally located in coastal areas of LNG exporting
countries and dedicated LNG ocean tankers transport LNG

10.1021/es0630310 CCC: $37.00 [J 2007 American Chemical Society
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to the United States. Upon arriving, the LNG tankers offload
their cargo and the LNG is regasified. At this point the
regasified LNG enters the U.S. natural gas transmission
system.

The coal life-cycle is conceptually simpler than the natural
gas life-cycle, consisting of three major steps: coal mining
and processing, transportation, and use/combustion.

U.S. coal is produced from surface mines (67%), or
underground mines (33%) (1). Mined coal is processed to
remove impurities. Coal is then transported from the mines
to the consumers via rail (84%), barge (11%), and trucks (5%)
(12). More than 90% of the coal used in the United States is
used by the electric power sector, which is modeled here (8).

The life-cycle of SNG is a combination of some stages
from the coal life-cycle and some stages of the natural gas
life-cycle. Coal is mined, processed, and transported, as in
the coal life-cycle, to the SNG production plant. At this plant,
syngas, a mixture of carbon monoxide (CO) and hydrogen
(H,), is produced by gasification and converted, via metha-
nation, to methane and water. The SNG is then sent to the
natural gas transmission system, described above, and on to
the electric power generator.

3. Methods for Calculating Life-Cycle Air Emissions

In our study we investigate the life-cycle air emissions from
coal, natural gas, LNG, and SNG use. All fossil fuel options
are used to produce electricity and combustion emissions
areincluded as a component of the each life-cycle. For GHG,
the emissions factors at power plants used are 120 Ib CO,
equiv/MMBtu of natural gas and 205 Ib CO, equiv/MMBtu
of coal. The SO, and NO, emissions at power plants are
presented in the results section and in the Supporting
Information

3.1. Life-Cycle Air Emissions from Natural Gas produced
in North America. In 2003, the total consumption of natural
gas in the United States was over 27 trillion cubic feet (tcf).
Of this, 26.5 tcf were produced in North America (U.S,,
Canada, and Mexico) (13). According to the Environmental
Protection Agency (EPA), 1.07% of the natural gas produced
islostinits production, processing, transmission, and storage
(14). Total methane emissions were calculated using the
percentage of natural gas lost. It was also assumed that natural
gas has an average heat content of 1030 Btu/ft® (13), and that
96% of the natural gas lost is methane, which has a density
of 0.0424 Ib/ ft3 (14).

In 1993 the U.S. EPA established the Natural Gas STAR
program to reduce methane emissions from the natural gas
industry. Data from this program for the reductions in
methane lost in the natural gas system, as described in the
Supporting Information, were combined with the data
described above to develop a range of methane emissions
factors for the North American natural gas life-cycle stages.

Carbon dioxide emissions are produced from the com-
bustion of natural gas used during various life-cycle stages
and from the production of electricity consumed during
transport. EIA provides annual estimates of the amount of
natural gas used for the production, processing, and transport
of natural gas. In 2003, approximately 1900 billion cubic feet
of natural gas were consumed during these stages of the
natural gas life-cycle (13). Total carbon dioxide emissions
were calculated using a carbon content in natural gas of
31.90 Ib C/MMBtu and an oxidation fraction of 0.995 (1).
According to the Transportation Energy Data Book, 3 billion
kWh were used for natural gas pipeline transport in 2003
(15). The average GHG emission factor from the generation
of this electricity is 1400 Ib CO; equiv/MWh (16). These CO,
emissions were added to methane emissions to obtain the
upstream combustion GHG emission factors for North
American natural gas.

SO, and NOy emissions from the natural gas upstream
stages of the life-cycle come from the combustion of the
fuels used to produce the energy that runs the system, as
given in the Supporting Information. Total emissions from
flared gas were calculated using the AP 42 Emission Factors
for natural gas boilers (17). A range of emissions from the
combustion of the natural gas used during the upstream
stages of the life-cycle was developed using the AP 42
Emissions Factors for reciprocating engines and for natural
gas turbines (17). Emissions from generating the electricity
used during natural gas pipeline operations were estimated
using the most current average emission factors given by
EGRID: 6.04 Ib SO,/MWh and 2.96 Ib NO,/MWh (16). Note
that EGRID reports emissions of SO, only. Other references
used in this paper report total SO, emission. For this paper,
sulfur emission will be reported in terms of SO, emissions.

In addition to emissions from the energy used during the
life-cycle of natural gas, SO, emissions are produced in the
processing stage of the life-cycle, when hydrogen sulfide (H,S)
is removed from the sour natural gas to meet pipeline
requirements. A range of SO, emissions from this processing
of natural gas was developed using the AP 42 emissions factors
for natural gas processing and for sulfur recovery (17). To
use the AP 42 emission factors for sulfur recovery, we found
that in 2003 1945 thousand tons of sulfur were recovered
from 14.7 trillion cubic feet of natural gas resulting in a
calculated average natural gas H,S mole percentage of 0.0226.
This was then used with the AP 42 emission factors for natural
gas processing.

3.2. Air Emissions from the LNG Life-Cycle. In 2003, 500
billion cubic feet of natural gas were imported in the form
of LNG (13).1In 2003, 75% of the LNG imported to the United
States came from Trinidad and Tobago, but this percentage
is expected to decrease as more imports come from Russia,
the Middle East, and Southeast Asia (13). According to EIA,
the LNG tanker world fleet capacity should have reached 890
million cubic feet of liquid (equivalent to 527 billion cubic
feet of natural gas) by the end of 2006 (18). There are currently
5 LNG terminals in operation in the United States, with a
combined base load capacity of 5.3 billion cubic feet per day
(about 2 trillion cubic feet per year). In addition to these
terminals, there are 45 proposed facilities in North America,
18 of which have already been approved by the Federal Energy
Regulatory Commission (FERC) (19).

Due to unavailability of data for emissions from natural
gas production in other countries, it is assumed that natural
gasimported to the United States in the form of LNG produces
the same emissions from the production and processing life-
cycle stages as North American natural gas. Those stages are
incorporated for LNG. Most of the natural gas converted to
LNGis produced from modern fields developed and operated
by multinational oil and gas companies, so they are assumed
to be operated in a similar way to those in the United States.

It is expected that transportation of natural gas from the
production field to the liquefaction plant would have
emissions similar to those of pipeline transport of domestic
natural gas. But the emission factor for the U.S. system (which
is included in the LNG life-cycle) is based on total pipeline
distances of over 200 000 miles (20). Because LNG facilities
are closely paired with gas fields, it is expected that the average
distance from production field to a LNG facility would be
much smaller than 200 000 miles. Also, because there were
no reliable data for the myriad of fields and facilities and
suspected impact on the overall life cycle would be minimal,
this transport from the fields to the liquefaction terminals
was ignored. This would slightly underestimate the emissions
from the LNG life cycle.

Additional emission factors were developed for the
liquefaction, transport, and regasification life-cycle stages
of LNG. Tamura et al. have reported emission factors for the
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liquefaction stage in the range of 11—31 1b CO, equiv/MMBtu
(21). The sources of these emissions are outlined in the
Supporting Information.

LNG is shipped to the United States via LNG tankers.
LNG tankers are the last ship type to use steam turbine
technology in their engines. This technology allows for easy
use of boil-off gas (BOG) in a gas boiler. Boil-off rates in LNG
tankers range between 0.15% and 0.25% per day when loaded
(22, 23). When there is not enough BOG available, a fuel oil
boileris used to produce the steam. In addition to this benefit,
steam turbines require less maintenance than diesel engines,
which is beneficial to these tankers that have to be readily
available to leave a terminal in case of emergency (22).

Most LNG tankers currently in operation have a capacity
to carry between 4.2 and 5.3 million cubic feet of LNG (2.6
and 3.2 billion cubic feet of gas). There are smaller tankers
available, but they are not widely used for transoceanic
transport. There is also discussion about building larger
tankers (8.8 million cubic feet), however none of the current
U.S. terminals can handle tankers of this size (18).

The rated power of the LNG tankers ranges between 20
and 30 MW, and they operate under this capacity around
75% of the time during a trip (24, 25). The energy required
to power this engine is 11.6 MMBtu/MWh (26). As previously
mentioned, some of this energy is provided by BOG and the
rest is provided by fuel oil. A loaded tanker with a rated
power of 20 MW, and 0.12% daily boil-off rate would consume
3.88 million cubic feet of gas per day and 4.4 tons of fuel oil
per day. The same tanker would consume 115 tons of fuel
oil per day on they way back to the exporting country
operating under ballast conditions. A loaded tanker with a
rated power of 30 MW, and a 0.25% daily boil-off rate would
get all its energy from the BOG, with some excess gas being
combusted to reduce risks of explosion (22). Under ballast
conditions, the same tanker would consume 172 tons of fuel
oil per day.

For LNG imported in 2003 the average travel distance to
the Everett, MA LNG terminal was 2700 nautical miles (13,
27). In the future LNG could travel as far as far as 11 700
nautical miles (the distance between Australia and the Lake
Charles, LA LNG terminal (27)). This range of distances is
representative of distances from LNG countries to U.S.
terminals that could be located on either the East or West
coasts. To estimate the number of days LNG would travel (at
a tanker speed of 20 knots (22)), these distances were used.
This trip length can then be multiplied by the fuel con-
sumption of the tanker to estimate total trip fuel consumption
and emissions, and these can then be divided by the average
tanker capacity to obtain a range of emission factors for LNG
tanker transport between 2 and 17 b CO, equiv/MMBtu.

Regasification emissions were reported by Tamura et al.
to be 0.85 1b CO; equiv/MMBtu (21). Ruether et al. report an
emission factor of 3.75 Ib of CO; equiv/MMBtu for this stage
of the LNG life-cycle by assuming that 3% of the gas is used
to run the regasification equipment (28). The emission
reported by Tamura et al. differs because they assumed only
0.15% of the gas is used to run the regasification terminal,
while electricity, which may be generated with cleaner energy
sources, provides the additional energy requirements. These
values were used as lower and upper bounds of the range
of emissions from regasification of LNG.

As done for the carbon emissions, natural gas produced
in other countries and imported to the United States in the
form of LNG is assumed to have the same SO, and NO,
emissions in the production, processing, and transmission
stages of the life-cycle as for natural gas produced in North
America. Emission ranges for the liquefaction and regasifi-
cation of natural gas were calculated using the AP 42 emission
factors for reciprocating engines and natural gas turbines
(17). It is assumed that 8.8% of natural gas is used in the
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liquefaction plant (21) and 3% is used in the regasification
plants (28). Emissions of SO;, and NO, from transporting the
LNG via tanker were calculated using the AP 42 emission
factor for natural gas boilers and diesel boilers, as well as the
tanker fuel consumption previously described.

3.3. Air Emissions from the Coal Life-Cycle. Greenhouse
gas emissions from the mininglife-cycle stage were developed
from methane releases and from combustion of fuels used
at the mines. EPA estimates that methane emissions from
coal mines in 1997 were 75 million tons of CO, equivalents,
of which 63 million tons came from underground mines and
12 million tons came from surface mines (I). CO, is also
emitted from mines through the combustion of the fuels
that provide the energy for operation. The U.S. Census Bureau
provides fuel consumption data for mines in 1997 (29). These
data are available in the Supporting Information. Fuel
consumption data were converted to GHG emissions using
the carbon content and heat content of each fuel and an
oxidation fraction given in EPA’s Inventory of U.S. Green-
house Gas Emissions Sources and Sinks (1) (see Supporting
Information). Emissions from the generation of the electricity
consumed were calculated using an average 1997 emission
factor of 1400 1Ib CO, equiv/MWh (16). These total emissions
were then converted to an emission factor using the amount
of coal produced in 1997 and the average heat content of this
coal.

Emissions from the transportation of coal were calculated
using the EIO-LCA tool developed at Carnegie Mellon
University (30). To use this tool, economic values for coal
transportation were needed. In 1997, the latest year for which
the EIO-LCA tool has data, 84% of coal was transported via
rail, 11% via barge, and 5% via truck. The cost for rail transport,
barge, and truck transport was 13.9, 9.5, and 142.7 mills/
ton-mile respectively (12). For a million ton-miles of coal
transported, EIO-LCA estimates that 43.6 tons of CO,
equivalents are emitted from rail transportation, 5.89 tons
of CO, equivalents from water transportation, and 69 tons
of CO, equivalents from truck transportation (30). These
emissions were then converted to an emission factor by using
the average travel distance of coal in each mode (796, 337,
and 38 miles by rail, barge, and truck, respectively), the
weighted average U.S. coal heat content of 10 520 Btu/lb
(31) and the coal production data for 1997 (see Supporting
Information).

The energy consumption data used to develop carbon
emissions from the mining life-cycle stage were used to
develop SO, and NO, emission factors for coal. AP 42
emissions factors for off-road vehicles, natural gas turbines,
reciprocating engines, light duty gasoline trucks, large
stationary diesel engines, and gasoline engines were used to
develop this range of emission factors (17, 32). In addition,
the average emission factors from electricity generation in
1997 (3.92 Ib NO,/MWh and 7.86 Ib SO.,/MWh (16)) were
used to include the emissions from the electricity used in
mines.

SO, and NO, emissions for coal transportation were again
calculated using EIO-LCA (30). EIO-LCA estimates that a
million ton-miles of coal transported via rail results in
emissions of 0.02 tons of SO, and 0.4 tons of NO,. A million
ton-miles of coal transported via water would emit 0.07 tons
of SO,, and 0.36 tons of NO,. Finally, a million ton-miles of
coal transported via truck would emit 0.06 tons of SO, and
1.42 tons of NOy (30). These data were added to emissions
from mines to find the total SO, and NO, emission factors
for the upstream stages of the coal life-cycle.

3.4. Air Emissions from the SNG Life-Cycle. Performance
characteristics for two SNG plants are given in the Supporting
Information. These plants have a higher heating value
efficiency between 57% and 60% (33, 34). Using these
efficiencies, emissions from coal mining, processing, and
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FIGURE 1. Fuel Combustion and Life-Cycle GHG Emissions for Current Power Plants.

transportation previously obtained were converted to pounds
of CO, equiv/MMBtu of SNG. The data were also used to
calculate the emissions at the gasification—methanation plant
using a coal carbon content of 0.029 tons/MMBtu and a
calculated SNG storage fraction of 37% (I). Finally, the
emissions from transmission, storage, distribution, and
combustion of SNG are the same as those for all other natural
gas.

To develop the SO, and NOy emissions from the life-cycle
of SNG, the emissions from coal mining and transport
developed in the previous section in pounds per MMBtu of
coal were converted to pounds per MMBtu of SNG using the
efficiencies previously discussed. In addition, the emissions
from natural gas transmission and storage were assumed to
represent emissions from these life-cycle stages of SNG. The
emissions from the gasification—methanation plant were
taken from emission data for an Integrated Coal Gasification
Combine Cycle (IGCC) plant, which operates with a similar
process. Bergerson (35) reports SO, emissions factors from
IGCC between 0.023 and 0.15 Ib/MMBtu coal (0.026—0.17
Ib/MMBtu of coal if there is carbon capture), and a NOy
emission factor of 0.0226 Ib/MMBtu coal (0.0228 Ib/MMBtu
of coal if there is carbon capture). These were converted to
Ib/MMBtu of SNG using the same coal-to-SNG efficiencies
previously described.

4. Results

4.1. Comparing Fuel Life-Cycle Emissions for Fuels Used
at Currently Operating Power Plants. Emission factors for
the fuel life-cycles were calculated as pounds of pollutants
per MMBtu of fuel produced, as presented in the Supporting
Information. Since coal and natural gas power plants have
different efficiencies, 1 MMBtu of coal does not generate the
same amount of electricity as 1 MMBtu of natural gas/LNG/
SNG. For this reason, emission factors given in Table 10S
and Table 11S in the Supporting Information were converted
to pounds of pollutant per MWh of electricity generated.
This conversion is done using the efficiency of natural gas
and coal power plants. According to the U.S. Department of
Energy (DOE), currently operating coal power plants have
efficiencies ranging from 30% to 37%, while currently
operating natural gas power plants have efficiencies ranging
from 28% to 58% (36). The life-cycle GHG emissions factors
of natural gas, LNG, coal, and SNG described in the
Supporting Information were converted to alower and upper
bound emission factor from coal and natural gas power plants
using these efficiency ranges. Figure 1 shows the final bounds

for the emission factors for each fuel cycle. The life-cycle for
each fuel use includes fuel combustion at a power plant. The
combustion-only emissions for each fuel are shown for
comparison. The solid horizontal line shown represents the
current average GHG emission factor for U.S. electricity
generation: 1400 Ib CO, equiv/MWh (16). Note that in this
graph no carbon capture and storage (CCS) is performed at
any stage of the life-cycle. CCS is a process by which carbon
emissions are separated from other combustion products
and injected into underground geologic formations such as
saline formations or depleted oil/gas fields. A scenario in
which CCS is performed at power plants as well as in
gasification—methanation plants will be discussed in the
following section.

It can be seen that combustion emissions from coal-fired
power plants are higher than those from natural gas: the
midpoint between the lower and upper bound emission
factors for coal combustion is approximately 2100 Ib CO,
equiv/MWh, while the midpoint for natural gas combustions
is approximately 1100 Ib CO, equiv/MWh. This reflects the
known environmental advantages from combustion of
natural gas over coal. Figure 1 also shows that the life-cycle
GHG emissions of electricity generated with coal are domi-
nated by combustion, and adding the upstream life-cycle
stages does not change the emission factor significantly, with
the midpoint between the lower and upper bound life-cycle
emission factors being 2270 1b CO, equiv/MWh. For natural-
gas-fired power plants the emissions from the upstream
stages of the natural gas life-cycle are more significant,
especially if the natural gas used is synthetically produced
from coal (SNG). The midpoint life-cycle emission factor for
domestic natural gas is 1250 Ib CO, equiv/MWh; for LNG
and SNGitis 1600 1b CO, equiv/MWh and 3550 1b CO, equiv/
MWh, respectively. SNG has much higher emission factors
than the other fuels because of efficiency losses throughout
the system. It is also interesting to note that the range of
life-cycle GHG emissions of electricity generated with LNG
is significantly closer to the range of emissions from coal
than the life-cycle emissions of natural gas produced in North
America. The upper bound life-cycle emission factor for LNG
is 2400 Ib CO, equiv/MWh, while the upper bound life-cycle
emission factor for coal is 2550 Ib CO, equiv/MWh.

To compare emissions of SO, and NO, from all life-cycles,
the upstream emission factors and the power plant efficien-
cies from the Supporting Information are used. Emissions of
these pollutants from coal and natural gas power plants in
operation in 2003 were obtained from EGRID (37). Table 1
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TABLE 1. SO, and NO, Combustion and Life-Cycle Emission
Factors for Current Power Plants

fuel S0, (Ib/MWh) NO, (Ib/MWh)
min max min max
current electricity mix 6.04 2.96

coal combustion  1.54 255 2.56 9.08
life-cycle 1.60 25.8 2.83 9.69
natural gas combustion 0.00 1.13 0.12 5.20
life-cycle 0.04 1.49 0.17 9.40

LNG life-cycle 0.094 293 025 15.4
SNG life-cycle 0.30 3.88 0.65 8.08

shows life-cycle emissions for each fuel obtained by adding
the combustion emissions from EGRID to the transformed
upstream emissions. The current average SO, and NO;
emission factors for electricity generated in the United States
are also shown (16).

It can be seen that coal has significantly larger SO,
emissions than natural gas, LNG, or SNG. This is expected
since the sulfur content of coal is much higher than the sulfur
content of other fuels. SNG, which is produced from coal,
does not have high sulfur emissions because the sulfur from
coal must be removed before the methanation process.

For NO,, it can be seen that the upstream stages of
domestic natural gas, LNG, and even SNG make a significant
contribution to the total life-cycle emissions. These upstream
NO, emissions come from the combustion of fuels used to
run the natural gas system: for domestic natural gas,
production is the largest contributor to these emissions; for
LNG most NO, upstream emissions come from the liquefac-
tion plant; finally, for SNG most upstream NO, emissions
come from the gasification—methanation plant.

4.2. Comparing Fuel Life-Cycle Emissions for Fuels Used
with Advanced Technologies. According to the DOE, by 2025
65 GW of inefficient facilities will be retired, while 347 GW
of new capacity will be installed (8). Advanced pulverized
coal (PC), integrated coal gasification combined cycle IGCC),
and natural gas combined cycle (NGCC) power plants could
be installed. PC, IGCC, and NGCC plants are generally more
efficient (average efficiencies of 39%, 38%, and 50%, respec-
tively (38)) than the current fleet of power plants. In addition,
CCS could be performed with these newer technologies.
Experts believe that sequestration of 90% of the carbon will
be technologically and economically feasible in the next 20
years (5, 38). Having CCS at PC, IGCC, and NGCC plants
decreases the efficiency of the plants to average of 30%, 33%,
and 43%, respectively (38).

Figure 2 was developed using the revised efficiencies for
advanced technologies and the GHG emission factors (in
Ib/MMBtu) described in the Supporting Information. This
figure represents total life-cycle emissions for electricity
generated with each fuel. Notice that emissions are shown
with and without CCS. In the case of SNG with CCS, capture
is performed at both the gasification—methanation plant and
at the power plant. The solid horizontal line shown represents
the current average GHG emission factor for electricity
generation in the United States (1400 Ib CO, equiv/MWh)
(16). The upper and lower bound emissions in this figure are
closer together than the upper and lower bounds in Figure
1, because only one power plant efficiency value is used,
while for Figure 1 the upper and lower bound efficiency from
all currently operating power plants was used (this is
especially obvious for the domestic natural gas (NGCC) cases).
It can be seen that, in general, life-cycle GHG emissions of
electricity generated with the fuels without CCS would
decrease slightly compared to emissions from current power
plants that use the same fuel (due to efficiency gains). The
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most efficient natural gas plant currently in operation,
however, could have slightly lower emissions than the lower
bound for NGCC, LNGG, and SNGCC, due to efficiency
differences. Three of the cases, however (PC, IGCC, and
SNGCC), would still have higher emissions than the current
average emissions from power plants. If CCS were used,
however, there would be a significant reduction in emissions
for all cases. In addition the midpoints between upper and
lower bound emissions from all fuels are closer together, as
can be seen in Figure 3. This figure also shows how the
upstream from combustion emissions of fuels become
significant contributors to the life-cycle emission factors when
CCS is used.

Table 2 was developed using the upstream SO, and NO,
emission factors obtained in this study and the combustion
emissions reported by Bergerson (35) for PC and IGCC plants
and by Rubin et al. for NGCC plants (38). These reported
combustion emissions can be seen in the Table 12S in the
Supporting Information.

As can be seen from Table 2, ifadvanced technologies are
used there could be a significant reduction of NO, and SOy
emissions, even if CCS is not available. It is interesting also
to note that a PC plant with CCS could have lower life-cycle
emissions than an IGCC plant with CCS. In the PC case all
sulfur is removed through flue gas desulfurization. The
removed sulfur compounds are then solidified and disposed
of or sold as gypsum. In an IGCC plant with CCS, sulfur is
removed from the syngas before combustion. In these plants,
however, instead of solidifying the sulfur compounds re-
moved and disposing them, the elemental sulfur is recovered
in a process that generates some additional SO, emissions
(35). For NOy, only LNG has higher life-cycle emissions than
the average generated at current power plants.

5. Discussion

Natural gas is an important energy source for the residential,
commercial, and industrial sectors. In the 1990s, the surge
in demand by electricity generators and relatively constant
natural gas production in North America caused prices to
increase, so that in 2005 these sectors paid 58 billion dollars
more than they would have paid if 2000 prices remained
constant. Cumulative additional costs of higher natural gas
prices for residential, commercial, and industrial consumers
between 2000 and 2005 were calculated to be around 120
billion dollars. LNG has been identified as a source of natural
gas that might help reduce prices, but even with an increasing
supply of LNG, EIA still projects average delivered natural
gas prices above $6.5/Mcfin the next 25 years. This is higher
than the $4.5 /Mcf average projected price in earlier reports
before the natural-gas-fired plant construction boom (4).

In addition to LNG, SNG has been proposed as an
alternative source to add to the natural gas mix. The decision
to follow the path of increased LNG imports or SNG
production should be examined in light of more than just
economic considerations. In this paper, we analyzed the
effects of the additional air emissions from the LNG/SNG
life-cycle on the overall emissions from electricity generation
in the United States. We found that with current electricity
generation technologies, natural gas life-cycle GHG emissions
are generally lower than coal life-cycle emissions, even when
increased LNG imports are included. However LNG imports
decrease the difference between GHG emissions from coal
and natural gas. SNG has higher life-cycle GHG emission
than coal, domestic natural gas, or LNG. It is also important
to note that upstream GHG emissions of NG/LNG/SNG have
ahigher impact in the total life-cycle emissions than upstream
coal emissions. This is a significant point when considering
acarbon-constrained future in which combustion emissions
are reduced.
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TABLE 2. SO, and NO, Life-Cycle Emission Factors for
Advanced Technologies

fuel SO, (Ib/MWh)  NO, (Ib/MWh)
min max min max

current electricity mix 6.04 2.96
coal PC w/o CCS 0.24 154 142 246
PC w/ CCS 0.08 0.34 190 3.61
IGCC w/o CCS 0.27 1.57 0.47 0.70
IGCC w/ CCS 032 1.83 054 0.78
natural gas NGCCw/oCCS 0.04 0.20 0.30 257
NGCC w/ CCS 0.05 0.24 036 3.01
LNG NGCCw/o CCS 0.25 1.04 0.39 5.89
NGCC w/ CCS 0.30 1.23 0.46 6.91
SNG NGCCw/oCCS 035 2.15 0.88 1.85
NGCC w/ CCS 0.45 2.80 1.03 2.18

For emissions of SO, we found that with current electricity
generation technologies, coal has significantly higher life-
cycle emissions than any other fuel due to very high emissions
at current power plants. For NO,, however, this pattern is
different. We find that with current electricity generation
technologies, LNG could have the highest life-cycle NO,
emissions (since emissions from liquefaction and regasifi-
cation are significant), and that even natural gas produced

in North America could have life-cycle NO, emissions very
similar to those of coal. It is important to note that while
GHG emissions contribute to a global problem, SO, and NOy
are local pollutants and U.S. policy makers may not give
much weight to emissions of these pollutants in other
countries.

In the future, as newer generation technologies and CCS
are installed, the overall life-cycle GHG emissions from
electricity generated with coal, domestic natural gas, LNG,
or SNG could be similar. Most important is that all fuels with
advanced combustion technologies and CCS have lower life-
cycle GHG emission factors than the current average emission
factor from electricity generation. For SO, we found that coal
and SNG would have the largest life-cycle emissions, but all
fuels have lower life-cycle SO, emissions than the current
average emissions from electricity generation. For NOy, LNG
would have the highest life-cycle emissions and would be
the only fuel that could have higher emissions than the
current average emission factor from electricity generation,
even with advanced power plant design.

We suggest that advanced technologies are important and
should be taken into account when examining the possibility
of doing major investments in LNG or SNG infrastructure.
Power generators hope that the price of natural gas will
decrease as alternative sources of natural gas are added to
the U.S. mix, so they can recover the investment made in
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natural gas plants that are currently producing well under
capacity. We suggest that these investments should be viewed
as sunk costs. Thus, it is important to re-evaluate whether
investing billions of dollars in LNG/SNG infrastructure will
lock us into an undesirable energy path that could make
future energy decisions costlier than ever expected and
increase the environmental burden from our energy infra-
structure.
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Comparative Life-cycle Air Emissions of Coal, Domestic Natural Gas, LNG, and
SNG for Electricity Generation

Supporting Information

1. Graphical Representation of the Fuel Life-cycles

Figure 1S and Figure 2S below, show the life-cycle stages on natural gas used by electric
power generators, including the stages from the LNG life-cycle. Notice that local
distribution of natural gas falls outside our analysis boundary.
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Figure 1S: Domestic Natural Gas Life-cycle.
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Figure 2S: LNG Life-cycle.



Figure 3S and Figure 4S show the life-cycle of coal and synthetic natural gas (SNG)

derived from coal.
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Figure 3S: Coal Life-cycle.
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2. Calculating Emissions from the Domestic Natural Gas Life-cycle

During the late 1980s and early 1990s the U.S. Environmental Protection Agency (EPA)
conducted a study to determine methane emissions from the natural gas industry (1). This
comprehensive study developed hundreds of activity and emissions factors from all areas
of the natural gas industry. These factors were developed using data collected from




different sectors of the industry as well as from data collected in field measurements.
Methane emissions from the U.S. natural gas system given as a percentage of natural gas
produced can be seen in Table 1S. This data was used to develop methane emission
factors, as described in the main document. Notice, that Table 1S includes an estimate for
natural gas losses in the local distribution system. This estimate is given here for
reference, but it was not included in our calculation of emissions of natural gas used to
generate electricity.

In addition data from the EPA Natural Gas STAR program was used. The program is a
voluntary partnership with the goal of encouraging the natural gas industry to adopt
practices that increase efficiency and reduce emissions (for example by reducing natural
gas leaks in the pipeline system). Consequently, since 1993, a cumulative total of 338
billion cubic feet of methane emissions have been eliminated. In 2003 alone, 52,900
million cubic feet of methane emissions were eliminated, a 9% reduction over projected
emissions for that year without improved practices (2).

Table 1S: Methane Emissions from North American Gas Life-cycle as a Percentage
of Natural Gas Produced (1).

Lifecycle Segment Em‘s(f}“(‘;‘;:‘i,';‘ozi"c cee(;‘tage
Production 0.38%
Processing 0.16%

Transmission and Storage 0.53%
Distribution 0.35%

Carbon dioxide emissions from the different natural gas life-cycle stages were also
calculated. These emissions were calculated using data on the amount of natural gas used
to run the processes, as given in Table 2S, as well as an estimated 3 billion KWh of
electricity used for pipeline transport. These data were also used to calculate SOy and
NOy emissions from the life-cycle, as described in the main document. It should be
mentioned that the pipeline fuel presented in Table 2S includes fuel used by the
transmission system and the local distribution system. As previously described, natural
gas used by electricity generators is bought directly from the transmission system, so that
emissions from the distribution system are not included in our analysis. Due to data
limitations, we were not able to disaggregate pipeline fuel and electricity consumption
between the two systems. To deal with this issue, we use a range of emissions. The
minimum value assumes that none of this fuel is consumed in the transmission system
and the maximum value assumes that all is consumed in the transmission system.



Table 2S: Natural Gas Used During the Natural Gas Life-cycle. (3).

Use (as defined by NG Life-cycle Stage Amount
EIA) (million ft)
Flared Gas Production 98,000
Lease Fuel Production 760,000
Pipeline Use Transmission/Distribution 665,000
Plant Fuel Processing 365,000

3. Calculating Emissions from the LNG Life-cycle

As mentioned in the main paper, Tamura et al (4) provide GHG emissions for
liquefaction plants. Table 3S presents the sources of these emissions.

Table 3S: Liquefaction Emission Factors (Adapted from Tamura et al (4)).

Emission Factors
Liquefaction (Ib CO, Equivalent/MMBtu)
Minimum | Average Maximum
CO; from fuel combustion 11 12 13
CO; from flare combustion 0.00 0.77 1.5
CH, from vent 0.09 1.3 9.8
CO; in raw gas 0.09 4.0 6.6

Table 4S provides the distance from LNG exporting countries to two U.S. LNG terminals
and the amount of LNG brought from each country in 2003. These two terminals were
chosen because they are two of the largest terminals in the United States and they
represent longest and shortest tanker travel distances for which route information is
available. In addition, the range of distances provided is also representative of distances
LNG would have to travel if a LNG terminal was located in the U.S. West Coast. Figure
58S shows the emission factors for LNG Tanker transport from each country to each of
these terminals, obtained using the tanker information given in the main document.
Emissions from tanker transport range between 2 and 17 pounds of CO, Equivalent per
MMBtu of natural gas. These data was also used to calculate the SOx and NOy emission
factors for tanker transport.



Table 4S: LNG Exporting Countries in 2003.

Exporting Distance to Lake Distance to Everett, 2003 US Imports
Country Charles Facility MA Facility (million cubic feet
(nautical miles) (5) (nautical miles) (5) NG) (3)
Algeria 5,000 3,300 53,000
Australia 12,000 11,000 0
Brunei 12,000 11,000 0
Indonesia 12,000 11,000 0
Malaysia 12,000 11,000 2,700
Nigeria 6,100 5,000 50,000
Oman 8,900 7,500 8,600
Qatar 9,700 8,000 14,000
Trinidad 2,200 2,000 380,000
UAE 9,600 7,959 0
Russia 9,600 11,000 0

18 -

16

Ibs CO2 Equiv/MMBTU

| #To Everett, MA
To Lake Charles, LA

Figure 5S: Tanker Emission Factors from Each Country.

4. Calculating Emissions from the Coal Life-cycle

Table 58S presents fuel consumption data for coal mines in the U.S., and Table 6S
presents carbon content, heat content of these fuels. These data was used to calculate
GHG emissions factors for coal mines.




Table 5S: 1997 Fuel Consumption at Coal Mines (6)

Mine Type Fuel Oil (1000 bbl) Gas | Gasoline Electricity
Total Distillate Residual [(1079 ft")] (1076 gal) (106 KWh)
Surface 8,280 7,524 756 0.7 30 42,474
Underground 801 656 145 0.5 4 7,123

Table 6S: Carbon Content, and Heat Content of Different Fuels (7).

Carbon Content of Fuel Heat Content of Fuel Fraction
Fuel Type Ib/MMBtu Fuel (MMBtu/bbl - Oxidized
MMBtu/MMcf)
Distillate 4398 5.825 0.99
Residual 47.38 6.287 0.99
Gas 31.90 1,030 0.995
Gasoline 42.66 5.253 0.99

Table 7S: 1997 Coal Production Data (8).

Mine Tvpe Coal Produced| Heat Content of
yp (1000 tons) | Coal (BTU/Ib)
Surface 669,273 9,626
Underground 420,657 11,944
Total 1,089,930 10,520

As described in the main document, EIO-LCA was used to estimate emission factors
from coal transportation. Table 8S summarizes the emissions resulting from transporting
one million ton-miles of coal via each transportation mode.

Table 8S: EIO-LCA GHG Emission Data for a Million Ton-Miles of Coal

Transported (9).
Sector Total GHG Emissions Total SOy Emissions Total NOy Emissions
(tons CO; Equivalent) (tons SOy) (tons NOy)
Rail Transportation 43.6 0.02 0.40
Water Transportation 5.89 0.07 0.36
Truck Transportation 69.0 0.06 1.42




5. Calculating Emissions from the SNG Life-cycle

In order to calculate air emissions from the SNG life-cycle, the emissions from coal
production, processing and transport were converted from pounds per MMBtu of coal
used to pounds per MMBtu of SNG produced using the performance characteristics
of two SNG plants given in Table 9S. The emissions from SNG transport, storage and
use are the same as those from natural gas. The efficiency for the CCS case was
obtained assuming an energy penalty of 16% as described for and IGCC plant by
Rubin et al (10).

Table 9S: SNG Plant Performance Characteristics

Case 1 (11) | Case 2 (12)
SNG Output (1. mcf/day and 2. MMBtu/hr) 250 1,739
Efficiency without CCS (HHV) 57% 60%
Efficiency with CCS (HHYV) 50% 52%

6. Summary of Emissions from Fuel Life-cycles

Table 10S summarizes GHG emission factors for all fuels. The emission factors
presented in this section are the average emission rate relative to units of fuel produced,
without considering the efficiency of using these fuels. These emission factors can later
be used to develop total inventories of GHG emissions from the annual consumption of
each fuel. Allocation of these emissions for each life-cycle stage can be seen in Figure 6S
through Figure 8S. Note that there are two different emission factors for SNG. In one
case, no carbon capture and sequestration (CCS) is performed at the gasification-
methanation stage. When CCS is performed at the gasification-methanation plant, an
energy penalty is incurred. It was assumed that the energy penalty observed at IGCC
plants with CCS (16%) is representative of the energy penalty at the SNG gasification-
methanation plant (10). CCS could also be performed at power plants, as discussed in the
main document.

It is also very important to note that the emission factors shown in Table 10S (and the
emission factors given in Table 11S) are not comparable to each other, since one Btu of
coal does not generate the same amount of electricity as one Btu of natural gas or SNG.
These emission factors can be transformed to comparable units, namely 1bs/MWh of
electricity produced, by taking into consideration the efficiency of electricity generation.



Table 10S: Life-cycle GHG Emission Factors
(units: 1bs/MMBtu of Fuel Produced)

. North SNG (No CCS at SNG (CCS at
Llsff;cg)e'zle American NG LNG Coal Gasif./Methan. Plant) | Gasif./Methan. Plant)
Min | Max Min Max | Min | Max Min Max Min Max
Upstream | 15.3 | 20.1 29.6 72.3 8.2 16.4 240 286 45.2 65.2
Combustion| -\, | 155 | 120 | 120 | 205 | 205 120 120 120 120
(no CCS)
Combustion
(with CCS) 12 12 12 12 20.5 20.5 12 12 12 12

SOy and NOy emission factors for the upstream stages of electricity generation for the
fuel life-cycles can be seen in Table 11S. SO and NOy emissions from the combustion of

fuel at power plants are very dependent on specific plant characteristics, so it was not
possible to transform these power plant emissions (given in Ibs/MWh) to the same units
as the emissions from the upstream stages of the life-cycle (IbssMMBtu) by simply using

the efficiency of the power plants.

Table 11S: Upstream SOy and NO, Emission Factors (units: lbs/MMBtu of Fuel

Produced)
North American SNG (No CCS at| SNG (CCS at
LNG Coal Gasif./Methan. | Gasif./Methan.
Pollutant Natural Gas
Plant) Plant)
Min Max Min Max

Min Max Min Max Min Max
SO 0.006 0.030 0.016 | 0.145 0.007 0.029 0.051 0.316 | 0.064 | 0.400
NOy 0.009 0.342 0.022 | 0.831 0.030 0.535 0.090 | 0.234 | 0.104 | 0.253

7. GHG Emissions Allocated to Fuel Life-cycle Stages

Figure 6S through Figure 8S show how the GHG emissions reported in Table 10S are
allocated among the different life-cycle stages.
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Figure 8S: SNG Life-cycle GHG Emission Factors (Units: 1bs CO,
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8. Efficiencies of Currently Operating Power Plants

Figure 9S shows the distribution of the efficiencies of currently operating power plants,
obtained using the cumulative distribution function of EIA 2003 electricity generation
data for all utility plants (13). As illustrated in Figure 9S, the median efficiency for
natural gas plants is higher than the median efficiency for coal plants. These efficiencies
were used to convert the emission factors previously presented (in Ibs/ MMBtu of fuel) to
Ibs/MWh.
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Figure 9S: Efficiencies of Natural Gas and Coal Plants (13).

9. Combustion Emissions from Advance Technologies

Table 128 reports combustion emissions from advanced power plant technologies. The
emission factors from PC and IGCC plants were reported Bergerson (14) for PC and
IGCC plants. Rubin et al reported the emissions for NGCC plants (10).

Table 12S: Combustion Emissions from Advanced Power Plants.

SOx (IbssMWh) NO; (IbssMWh)

Fuel/Pollutant Min Max Min Max
PC w/o CCS 0.17 1.28 1.16 2.00
PC w/ CCS 0.00 0.01 1.56 3.00
IGCC w/o CCS 0.20 1.30 0.20 0.20
IGCC w/ CCS 0.24 1.52 0.20 0.20
NGCC w/o CCS 0.00 0.00 0.24 0.24
NGCC w/ CCS 0.00 0.00 0.29 0.29
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Comparative Life Cycle Carbon Emissions of LNG Versus Coal and Gas for
Electricity Generation

Paulina Jaramillo, W. Michael Griffin, H. Scott Matthews

Introduction

Natural gas currently provides 24% of the energy used by homes and businesses in the
US (1). It is also an important feedstock for the chemical and fertilizer industry. In the
early 1990’s the price of natural gas was low (around $3/1000 ft°) and as a result there
was a surge in construction of natural gas plants (2). Today, the Henry Hub price of
natural gas is around $15/1000 ft* (3), and most of these plants are operating below
capacity. However, natural gas consumption is expected to increase 41% by 2025 (to 30
trillion cubic feet), with demand from electricity generators growing the fastest
(increasing 90% by 2025). At the same time natural gas production in North America is
expected to remain fairly constant at around 24 trillion cubic feet, so that demand of
imported liquefied natural gas (LNG) will increase to around 6 trillion cubic feet or 20%
of the total supply by 2025 (3).

The natural gas system is the second largest source of greenhouse gas emissions in the
US, generating around 132 million tons of CO, Equivalents (1). Several studies have
performed emission inventories for the natural gas lifecycle from production to
distribution. Usually these analyses have been performed for domestic natural gas, so
that emissions from the LNG lifecycle stages have been ignored. If, as the DOE estimates
suggest, larger percentages of the supply of natural gas will come from these imports,
emissions from these steps in the lifecycle could influence the total natural gas lifecycle
emissions. Thus, comparisons between coal and natural gas that concentrate only on the
emissions at the utility plant may not be adequate. The objective of this study is to
perform an analysis of the natural gas lifecycle greenhouse gas emissions taking the
emissions from LNG into consideration. Different scenarios for the percentage of natural
gas as LNG are analyzed. Moreover, a comparison with the coal fuel cycle greenhouse
gas emissions will be presented, in order to have a better understanding of the advantages
and disadvantages of using coal versus natural gas for electricity generation.

The Natural Gas Life Cycle

The natural gas life cycle starts with the production of natural gas and ends at the
combustion plant. NaturalGas.org has a very detailed description of this life cycle.
Readers are encouraged to visit this website if they need more information about the
topic.

Geological surveys and seismic studies are used to determine the location of natural gas
deposits. After these sites have been identified, wells are constructed. There are two types
of well for the extraction of natural gas: oil wells and natural gas wells. Oil wells are



drilled primarily to extract oil, but natural gas can also be obtained. Natural gas wells are
specifically drilled to extract natural gas.

After natural gas is extracted through the wells, it has to be processed to meet the
characteristics of the natural gas used by consumers. Consumer natural gas is composed
primarily of methane. However, when natural gas is extracted, it exists with other
hydrocarbons such as propane and ethane. In addition, the extracted natural gas contains
impurities such as water vapor and carbon dioxide that must be removed. Natural gas
processing plants are usually constructed in gas producing regions. The natural gas is
transported from the extraction sites to these plants through a system of low-diameter,
low-pressure pipelines. At the plant, water vapor is first removed from the gas by using
absorption or adsorption methods. Glycol Dehydration is an example of absorption, in
which glycol, which has a chemical affinity to water, is used to absorb the vapor. Solid-
Desiccant Dehydration is an example of adsorption. In this process the natural gas passes
through towers that contain activated alumina or other solid desiccants. As the gas is
passed through these towers, the water particles are retained on the surface of the solids.

As previously mentioned, natural gas is extracted with other hydrocarbons that must be
removed. The removal of these hydrocarbons, called Natural Gas Liquids (NGL), is done
with the absorption method or the cryogenic expander process. The absorption method is
similar to the water absorption method, but instead of glycol, absorbing oil is used. The
cryogenic expansion method consists of dropping the temperatures of the gas causing the
hydrocarbons to condense so that they can be separated from the natural gas. The
absorption method is used to remove heavier hydrocarbons, while lighter hydrocarbons
are removed using the cryogenic expansion process.

The final step in the processing of natural gas is the removal of sulfur and carbon dioxide.
Often, natural gas from the wells contains high amounts of these two compounds, and it
is called sour gas. Sulfur must be removed from the gas because it is a potentially lethal
chemical if breathed. In addition, sour gas can be corrosive for the transmissions and
distribution pipelines. The process of removing sulfur and carbon dioxide from the gas is
similar to the absorption processes previously described.

After the natural gas is processed it enters the transmission system. In the US, this
transmission system is the interstate natural gas pipeline network, which consists of
thousands of miles of high-pressure pipelines that transport the gas from producing areas
to high demand areas. In addition to the pipes, this pipeline system has compressor
stations along the way, usually placed in 40 to 100 mile intervals. These compressor
stations use a turbine or an engine to compress the natural gas and maintain the high
pressure required in the pipeline. The turbines and engines generally run with a small
amount of the gas from the pipeline. In addition to compressor stations, metering stations
are also placed along the system to allow companies to better monitor and manage the
natural gas in the pipes. Moreover valves can be found through the entire length of the
pipelines to regulate flow.



Natural gas can be stored to meet seasonal demand increases or to meet sudden, short-
term demand increases. Natural gas is usually stored in underground facilities. Such
facilities could be built in reconditioned depleted gas reservoirs, aquifers or salt caverns.
According to the Energy Information Administration (EIA), in 2003 the total storage
capacity in the United States was 8.2 billion cubic feet. 82% of this capacity was in
depleted gas fields, 15% in depleted aquifers, and 3% in salt caverns. Moreover during
that year, withdrawals from storage added to 3.1 billion cubic feet while injections totaled
3.3 billion cubic feet (4). It is important to note that some gas injected into underground
storage becomes physically unrecoverable gas. This gas is known as base gas.

Distribution is the final step before natural gas is delivered to consumers. Local
Distribution Companies transport natural gas from delivery points along the transmission
system to local consumers via a low-pressure, small-diameter pipeline system. Natural
gas that arrives to a city gate through the transmission system is depressurized, and
filtered to remove any moisture or particulate content. In addition, Mercaptan is added to
the gas to create the distinctive smell that allows leaks to be detected. Small compressors
are used in the distribution system to maintain the pressure required.

When Liquefied Natural Gas (LNG) is added to the mix of natural gas, three additional
lifecycle stages are created: liquefaction, tanker transport, and regasification. Figure 1
shows the total life cycle of natural gas including the LNG stages.
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Figure 1: Natural Gas Life Cycle Including LNG.

In the liquefaction process, natural gas is cooled and pressurized to convert it to liquid
form, reducing its volume by a factor of 610 (5). These liquefaction plants are generally
located in coastal areas of LNG export countries. Currently 75% of the LNG imported to
the US comes from Trinidad, but this percentage is expected to decrease as more imports
come from Russia, the middle east, and southeast Asia (4). LNG tankers bring this gas to
the US. According to EIA, there were 151 LNG tankers in operation worldwide as of
October 2003. The majority of these tankers have the capacity to carry more than 120,000
cubic meters of liquefied natural gas (equivalent to 2.59 billion cubic feet of natural gas,
enough gas to supply an average of 31,500 residences for a year (4)) and the total fleet
capacity is 17.4 million cubic meters of liquid (equivalent to 366 billion cubic feet of
natural gas). There are currently fifty-five ships under construction that will increase total
fleet capacity to 25.1 million cubic meters of liquid (equivalent to 527 billion cubic feet
of natural gas) in 2006 (6).



Regasification facilities are the last step LNG must pass through before going into the US
pipeline system. Regasification facilities are LNG marine terminals where LNG tankers
unload their gas. These facilities consist of storage tanks and vaporization equipment that
warms the LNG to return it to the gaseous state. There are currently 5 LNG terminals in
operation in the US: Lake Charles, Louisiana; Elba Island, Georgia; Cove Point,
Maryland; Everett, Massachusetts; and a recently opened offshore terminal in the Gulf of
Mexico. These terminals have a combined base load capacity of 3.05 billion cubic feet
per day (about 1 trillion cubic feet per year). In addition to these there are over fifty
proposed facilities for a total proposed capacity of 62 billion cubic feet per day (23
trillion cubic feet per year). Figure 2 shows the proposed location of these facilities (6).

As shown in Figure 1, natural gas combustion is the last stage in the natural gas lifecycle.
In the US, natural gas is used for electricity generation, heating, and several industrial
processes. Approximately 24% of the electricity generated comes from natural gas (1).
Natural gas plants have heat rates that range from 5,800 BTU/kWh to 12,300 BTU/kWh

(7).
US Natural Gas Industry in 2003

In 2003, the total supply of natural gas in the US was over 27 trillion cubic feet. Of this,
26.5 trillion cubic feet were produced in North America (US, Canada, and Mexico), and
0.5 trillion cubic feet were imported in the form of LNG. 75% of LNG came from
Trinidad and Tobago. Other exporting countries included Algeria, Malaysia, Nigeria,
Qatar, and Oman (4). Table 1 shows more detailed statistics about the state of the US
natural gas industry in 2003. Numbers may not add up due to rounding.

Table 1: 2003 Natural Gas Industry Statistics (All units in million cubic feet) (4)

Gross Withdrawals 24,000,000
Total Dry Production 19,000,000
Total Supply 27,000,000
Total Consumption 22,500,000
Total Imports 4,000,000
Pipeline Imports 3,500,000
LNG Imports 505,000

Greenhouse gas emissions from Natural Gas produced in North America

During the late 1980’s and early 1990’s the US Environmental Protection Agency (EPA)
conducted a study to determine methane emissions from the natural gas industry. This

very comprehensive study developed hundreds of activity and emissions factors from all
the areas of the natural industry. These factors were developed using data collected from
the different sectors of the industry as well as from data collected in field measurements.
Table 2 presents the percentage of produced natural gas that is emitted to the atmosphere



during the lifecycle according to the results of the previously described study, as well as
the source of these emissions.

Table 2: Methane Emissions from North American Gas Life Cycle as a Percentage
of Natural Gas Produced (8).

Emissions as a
Lifecycle Segment Emission Sources Percentage of Gas
Produced

Pneumatic Devices

Fugitive Emissions
Underground Pipeline Leaks
Blow and Purge
Compressor

Glycol Dehydrator

Fugitive Emissions
Processing Compressor 0.16%
Blow and Purge
Fugitive Emissions
Transmission and | Blow and Purge

0.38%

Production

Storage Pneumatic Devices 0.53%
Compressor
Underground Pipeline Leaks
Distribution Meter and Pressure Stations 0.35%

Costumer Meter

Based on the statistics presented in Table 1, 26.5 billion cubic feet of natural gas were
produced in North America in 2003. Using the percentages of natural gas emitted, an
average heat content of 1,030 BTU/ft, and the assumption that 100% of the natural gas
lost is methane (density 19.23 gr/ ft*) which may result in a slight overestimate of
emissions given that the real percentage of methane in natural gas varies between 94%
and 98%; total methane emission were calculated to develop the emission factors shown
in Figure 4.

In addition to methane, carbon dioxide emissions are produced from the combustion of
natural gas used during the lifecycle stages previously described. The Energy Information
Administration maintains records of the amount of natural gas used during the
production, processing, transmission, storage, and distribution of natural gas. This data
for 2003 can be seen in Table 3. Assuming that 100% of this gas is methane, total carbon
dioxide emissions were found using thermodynamic calculations. These emissions were
then added to methane emissions to obtain the total emission factors shown in Figure 3.



Table 3: Natural Gas Used During Natural Gas Life Cycle. (All units in million
cubic feet) (4).

Flared Gas 98,000
Lease Fuel 760,000
Pipeline and Distribution Use 665,000
Plant Fuel 365,000

In 1993 the Natural Gas STAR program was established by the EPA to reduce methane
emissions from the natural gas industry. The program is a voluntary partnership with the
goal of encouraging industries to adopt practices that increase efficiency and reduce
emissions. Since 1993, 338 billion cubic feet of methane have been eliminated. In 2003,
52,900 million cubic feet of methane emissions were eliminated, a 9% reduction over
projected emissions for that year without improved practices (9). This data was used to
develop a range of emission factors for the North American natural gas industry. Figure 2
shows the total range of emission factors for the North American natural gas lifecycle. It
can be seen that total lifecycle emission for natural gas produced in North America are
approximately 140 lbs CO,/MMBTU, an amount dominated by combustion emissions for
natural gas plants currently in operation in the US of an average 120 Ibs CO,/MMBTU
(10)

Production
(6.2 -7.3)

A 4

Processing
(3.0)

A4

Transmission
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Distribution
(3.3)

Combustion/Use
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Figure 2: Carbon Dioxide Equivalent Emission Factors from North American Gas
Lifecycle (All Units in Ibs CO,//MMBTU).

Greenhouse gas emissions from LNG lifecycle

As shown in Figure 1, the addition of liquefied natural gas (LNG) into the North
American gas system introduces three additional stages into the lifecycle of natural gas:
liquefaction, tanker transport, and regasification. It is assumed that natural gas produced
in other countries and imported to the US in the form of LNG produces the same
emissions in the production, processing, transmission, and distribution stages of the
lifecycle as if the natural gas were produced in North America. Additional emission
factors needed to be developed for the three additional lifecycle stages of LNG. Tamura
et-al (11) has reported emission factors for the liquefaction stage in the range of 1.32 to
3,67 gr-C/MJ. Using these results, the emission factors for liquefaction were found in
units of pounds of CO, per million BTUSs, as shown in Table 4.

Table 4: Liquefaction Emission Factors.

Liquefaction Emi_ssion Factors (Ib CO,/MMBTU)
Min Average Max
CO; from fuel combustion 11 12 13
CO;, from flare combustion 0.00 0.77 1.5
CH, from vent 0.09 1.3 9.8
CO; in raw gas 0.09 4.0 6.6

Emissions from tanker transport of LNG were calculated using Equation 1.

(EF)ZKZ x roundup(LNGXD « D Feox 1}

. TC TS 24
EmissionFactor = X
LNG;

Equation 1: Tanker Emission Factor.

Where EF is the tanker emission factor of 3,200 kg CO,/ ton of fuel consumed,; 2 is the
number of trips each tanker does for every load (one bringing the LNG and one going
back empty); LNGy is the amount of natural gas (in cubic feet) brought from each
country; TC is the tanker capacity in cubic feet of natural gas, assumed to be 120,000
cubic meters of LNG (1 m® LNG = 21,537 ft® NG); Dx is the distance from each country
to US LNG facilities; TS is the tanker speed of 14 Knots; FC is a fuel consumption of 41
tons of fuel per day; and 24 is hours per day (12).

Exporting countries, their distances to the LNG facilities at Lake Charles, LA and
Everett, MA, and the 2003 US imports can be seen in Table 5.



Table 5: LNG Exporting Countries in 2003 (4).

Exporting Distance to ITe.lke Distance to I_Eyerett, 2093 uUsS Im-ports
Country Charl_es Fac_lllty MA_ FaC|I|_ty (million cubic feet
(nautical miles) (nautical miles) NG)
Algeria 5,000 3,300 53,000
Australia 12,000 11,000 0
Brunei 12,000 11,000 0
Indonesia 12,000 11,000 0
Malaysia 12,000 11,000 2,700
Nigeria 6,100 5,000 50,000
Oman 8,900 7,500 8,600
Qatar 9,700 8,000 14,000
Trinidad 2,200 2,000 380,000
UAE 9,600 7,959 0
Russia 9,600 11,000 0

Emission factors for tanker transport from each country to both US facilities can be seen

in Figure 3.
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Figure 3: Tanker Emission Factors from Each Country

Since most of the LNG in 2003 was brought from Trinidad, the weighted average
emission factor calculated for trips from each country to the Everett, MA facility is
considered to be the a lower bound. An upper bound was obtained by assuming that all
LNG was brought from Indonesia to the Lake Charles facility, and an average was
obtained assuming all LNG was brought from Oman to the Lake Charles, LA facility.
These resulting numbers can be seen in Table 6.




Table 6: Tanker Transport Emission Factors.

Emission Factors (Ib CO,/MMBTU)
Min 1.8
Average 5.7
Max 7.3

Regasification emissions were reported by Tamura et-al to be 0.1 gr C/ MJ (0.85 Ib
CO,/MMBTU) (11). Ruether et-al reports an emission factor of 1.6 gr CO,/MJ (3.75 Ib
CO//MMBTU) for this stage of the LNG lifecycle by assuming that 3% of the gas is used
to run the regasification equipment (13). These values were used as the lower and upper
bounds of the range of emission from regasification of LNG. Total LNG lifecycle
emissions are shown in Figure 4. They range between 154 and 184 lbs CO,/MMBTU

- NG
Production Liquefaction
(6.2-7.3) (11 - 31)
Processing Tan'ker

(3.9 Transport
(2.2-7.3)
Transmission r
and Storage LNG Gasification
(6.9 - 7.8) (0.85-3.7)
Distribution
(3.3)

Combustion/Use
(120)

Figure 4: LNG Lifecycle Emission Factors (All Units in Ibs CO,/MMBTU).

Coal Lifecycle and its Greenhouse Gas Emissions for Electricity Generation

The coal lifecycle is conceptually simpler than the natural gas lifecycle, consisting of
only three steps, as shown in Figure 5.

Coal Mining and

: Use/Combustion
Processing

Y

Y

Transportation




Figure 5: Coal Lifecycle.

In the US, 67% of the coal produced is mined in surface mines, while the remaining 33%
is extracted from underground mines (1). Mined coal is then processed to remove
impurities. Coal is then transported from the mines to the consumers via rail (84%), barge
(11%), and trucks (5%) (14). Emissions from these lifecycle steps were calculated using
the EIO-LCA tool developed at Carnegie Mellon University. In order to use this tool,
economic values for each step of the lifecycle were necessary. In 1997, the year for
which the EIO-LCA tool has data, the price of coal was $18.14/ton (15). Moreover, the
cost for rail transport, barge, and truck transport was $11.06/ton, $3.2/ton, and $5.47/ton
respectively (14). For a million tons of coal the following emission information was
obtained using EIO-LCA.

Table 7: EIO-LCA Emission Data for Coal Lifecycle (16).

Sector Total GHG Emis_sions
(MT CO; Equiv)
Mining 75,000
Rail Transportation 36,000
Water Transportation 3,700
Truck Transportation 5,000

Using a weighted average US coal heat content of 10,266 BTU/Ib (17) and the data
previously discussed, it was found that the average emission factor for coal mining and
transport is 11 Ib CO,/MMBTU.

In 1999, the National Renewable Energy Lab published a report on lifecycle emissions
for power generation from coal (18). Upstream coal emissions (including transportation)
from underground mines are reported to be 15 Ibs CO,/MMBTU, while upstream coal
emissions from surface mines is 9.9 Ibs CO,/MMBTU. As previously mentioned, 67% of
coal is currently mines in surface mines, while 33% is mined in underground mines (1).
Using this information, the current coal upstream emissions average 12 Ibs
CO//MMBTU, which is very close to the emission factor obtained using EIO-LCA. In
the future, the distribution of US mines could change, affecting the average emission
factor. For this reason, the range of coal upstream emissions from underground and
surface mines described above is used for this paper. Moreover, the average emission
factors for coal combustion at utility plants used is 205 Ib CO,/MMBTU (10).

Comparing Natural Gas and Coal Lifecycle Emissions

Emissions factors for the natural gas lifecycle and the coal lifecycle were previously
reported in pounds of CO, per MMBTU of fuel. Coal and natural gas power plants have



different efficiencies; thus one million BTU of coal does not generate the same amount of
electricity as one million BTU of natural gas. For this reason, emission factors must be
converted to units of pounds of CO, per kWh of electricity generated. This conversion
was done using the heat rates of natural gas and coal plants. Figure 6 shows the
distribution of these heat rates, and Figure 7 shows the resulting emission factor
distribution for coal and natural gas. These distributions were obtained using the
cumulative distribution function of EIA electricity generation data for all utility plants in
2003 (7). The minimum value represents the heat rate at which 5% of the electricity
generated with the specific fuel is seen. Similarly the mean and maximum values are the
heat rates at which 50% and 95% of the electricity has been generated with each fuel. As
seen in Figure 6, the average heat rate for natural gas plants is lower than the average heat
rate for coal plants, however the upper range of heat rates for natural gas plants surpasses
the heat rates for coal plants.

13,000

12,000

11,000

Coal Natural Gas

Figure 6: Natural Gas and Coal Plant Heat Rates (7).
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Figure 7: Emission Factors for Coal and Natural Gas Lifecycles.

Note that the average emission factor for coal combustion is higher than the emission
factor for natural gas combustion. This does not change too much when the whole
lifecycle is considered. More important seems to be the effect that including upstream
emissions have in the range of emission factors for natural gas. While the average
emission factor for the total coal lifecycle only increases by 5% compared to combustion
emissions, the average emission factor for a natural gas mix with 20% LNG is 21%
higher than the combustion emissions. Moreover, the maximum emission factor of the
natural gas lifecycle gets closer to the minimum coal lifecycle emission factor. These
results imply that if emissions at the combustion stage of the lifecycle could be
controlled, natural gas would not be a much better alternative to coal in terms of
greenhouse gas emissions.

New Generation Capacity

According to the DOE, by 2025 43 GW of inefficient gas and oil fired facilities will be
retired, while 281 GW of new capacity will be installed (3). IGGC and NGCC power
plants will probably be installed. These plants are generally more efficient than current
technologies (average HHV Efficiencies are 37.5% and 50.2% respectively) (19) and thus
have lower carbon emissions at the combustion stage. In addition, carbon capture and
sequestration (CCS) can be performed more easily with these newer technologies. CCS is
a process by which carbon emissions at the power plant are separated from other
combustion products, captured and injected into underground geologic formations such
as saline formations and depleted oil/gas fields. Experts believe that 90% CCS will be



technologically and economically feasible in the future. Having CCS at IGCC and NGCC
plants decreases the efficiency of the plants to average HHV efficiencies of 32.4% and
42.8% respectively (19) but overall lifecycle emissions would be greatly reduced and
would be essentially the same for coal and natural gas (with 20% LNG). However, the
major contributor for coal emissions would be at the combustion stage, while for natural
gas the majority of the emissions would come from upstream processes. Figure 8, shows
total emissions with CCS for IGCC and NGCC plants using average upstream emission
factors of 11.6 Ibs CO, Equiv/IMMBTU and 25.6 Ibs CO, Equiv/MMBTU for coal and
natural gas respectively
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Figure 8: Lifecycle Emission Factors for IGCC and NGCC plants w/ CCS.

Discussion

It has been shown that there is high uncertainty about overall lifecycle carbon emissions
for coal and LNG. In the future, as newer generation technologies and CCS are installed,
overall emissions from electricity generated with coal and electricity generated with
natural gas could be surprisingly similar. There is push right now from power generator
to increase import of LNG. They seem to hope that the price of natural gas will decrease
with these imports and they will be able to recover the investment they made in natural
gas plants that are currently producing under capacity. These investments should be
considered sunk costs and it is important to revaluate whether investing billions of dollars
in LNG infrastructure will lead us into an energy path that cannot be easily changed as it
will be harder to consider these investments as sunk costs once the expected
environmental benefits are not achieved.



The analysis presented here only includes carbon emission, and no consideration was
given to issues like energy security. Increasingly, LNG will come from areas of the world
that are politically unstable. Policymakers should evaluate this increased dependence on
foreign fuel before making decisions about future energy investments. In addition, the
analysis presented only considers the use of natural gas for electricity generation. Natural
gas is an indispensable fuel for many sectors of the US economy. As demand for natural
gas from the electric utilities increases, these other sectors will probably be affected by
higher natural gas prices. It is important to analyze whether these other sectors constitute
a better use for natural gas than electricity generation, which has alternative fuels at its
disposal.
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Summary of Key Points:

Liquefied natural gas (LNG) exports present both opportunities and risks. Producing and
delivering natural gas to customers is highly energy- and emissions-intensive, particularly when
LNG is involved. Research by the World Resources Institute has found that cuts in upstream
methane leakage from natural gas systems are among the most important steps the U.S. can take
toward meeting our greenhouse gas (GHG) emissions reduction goals by 2020 and beyond.

This testimony focuses on fugitive methane emissions and the many cost-effective solutions
available for reducing them. It appears very likely that LNG exports from U.S. terminals would
result in increased domestic GHG emissions from both upstream and downstream sources.
Policymakers should more actively work to help achieve reductions in GHG emissions from
throughout the natural gas value chain, if this valuable fuel and LNG are to be part of the
solution to the climate change problem. Taking these actions offer economic, environmental, and
geopolitical benefits, both in the U.S. and internationally. To this end, | offer the following
policy recommendations:

e Expand applied technology research programs at the U.S. Department of Energy to help
reduce the cost of leak-detection and emissions measurement technologies, and to
develop new and lower-cost emission reduction strategies.

e Update emissions factors for natural gas systems using robust measurement protocols,
public reporting by industry, and independent verification.

e Authorize and appropriate funding for the organization STRONGER (State Review of
Oil and Natural Gas Environmental Regulations) to help states with timely development
and evaluation of their environmental regulations.

e Support voluntary programs at the U.S. Environmental Protection Agency (EPA),
including Natural Gas STAR and other programs which recognize companies that
demonstrate a commitment to best practices.

e Support EPA’s efforts to provide technical and regulatory assistance to states with
expanding oil and natural gas development, including through the Ozone Advance
Program.

e Enact policies to support clean energy and address climate change. A clean energy
standard or putting a price on carbon would provide clear signals to energy markets that
energy providers and users need to recognize the environmental and social costs as well
as the direct economic costs of energy resources.
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Good morning, and thank you for the opportunity to contribute to the deliberations of this
Subcommittee. My name is James Bradbury, and | am a senior associate in the Climate and
Energy Program at the World Resources Institute (WRI). WRI is a non-profit, non-partisan think
tank that focuses on the intersection of the environment and socio-economic development. We
go beyond research to put ideas into action, working globally with governments, business, and
civil society to build transformative solutions that protect the earth and improve people’s lives.
We operate globally because today’s problems know no boundaries. We provide innovative

paths to a sustainable planet through work that is accurate, fair, and independent.

Summary

| am pleased to be here today to offer WRI’s perspective on the climate implications of U.S.
liquefied natural gas (LNG) exports. | encourage this committee to weigh a complete
consideration of the associated economic and geopolitical opportunities next to the potential
risks, neither of which have been fully considered in the public debate. In particular, it appears

very likely that LNG exports from U.S. terminals would result in increased domestic greenhouse



gas (GHG) emissions. For example, analysis by the Energy Information Administration (EIA)*
concluded that any scenario of LNG exports would trigger an increase in domestic carbon
dioxide (CO;) emissions, due to an increase in coal-fired electricity and use of natural gas for the
energy-intensive liquefaction process at LNG terminals. The EIA also projected an increase in
natural gas production from shale wells. Though not considered in the EIA study, an inevitable
consequence would be greater upstream air emissions from natural gas infrastructure — that is,
emissions that occur prior to fuel combustion — including fugitive methane, which is a potent
global warming pollutant. While LNG exports from the U.S. are widely expected to marginally
reduce global CO, emissions, modeling to date suggests that the scale of these reductions is less
than ten percent of the total levels of global fugitive methane emissions from natural gas and oil

systems.

These facts should raise the bar for policymakers and advocates for LNG exports to more
actively work to achieve continuous improvement in GHG emissions from all life cycle stages
(from extraction to use), if natural gas and LNG are to be part of the solution to our climate
change problem. Furthermore, to the extent that substantial LNG exports from the U.S. move
forward, our national policy objectives should be broader than simply improving our balance of
trade vis-a-vis fossil fuel exports to increase our economic and geopolitical standing. We also
have an important — indeed urgent — opportunity to improve our economic and geopolitical

standing by showing leadership in addressing global climate change. We can do through policies

! See: http://www.fossil.energy.gov/programs/gasregulation/reports/fe_eia_Ing.pdf



http://www.fossil.energy.gov/programs/gasregulation/reports/fe_eia_lng.pdf

that promote the development, deployment, and export of low-carbon products and services? to
help enable global GHG emissions reductions from all sectors, including through technologies

and practices that allow the cleaner production and more efficient end-use of natural gas.

Today | will focus in particular on fugitive methane emissions® and the cost-effective solutions
available for reducing them.” The case for policy action is particularly strong considering that
recent research shows that climate change is happening faster than expected. In addition, the
projected expansion in domestic oil and natural gas production increases the risk of higher GHG

emissions if proper protections are not in place.

e Methane is the primary component of natural gas and also a potent greenhouse gas.
Methane leaked from natural gas systems (i.e., fugitive methane) represent lost product
and reduced revenue for companies and governments, with negative consequences for air
quality and the environment.

e Fugitive methane emissions from natural gas systems represent roughly 3 percent of
global warming pollution in the U.S. Reductions in methane emissions are urgently
needed as part of the broader effort to slow the rate of global temperature rise.

e Although natural gas burns much cleaner than coal or oil, fugitive methane emissions

significantly reduce this relative advantage, from a climate standpoint; therefore, cutting

? For more information on low-carbon market opportunities, see Jennifer Morgan’s testimony, here:
http://www.wri.org/publication/testimony-american-energy-security-and-innovation-assessment-of-energy-
resources

* While this testimony focuses on greenhouse gas emissions —and methane emissions from natural gas systems, in
particular — WRI is committed to minimizing the full scope of impacts cause by energy production and use. ltis
critical for U.S. energy policies to be developed with consideration to a broad range of risks and benefits.

* For more detailed analysis and discussion of this topic, see WRI’s recent working paper, “Clearing the Air:
Reducing Upstream Greenhouse Gas Emissions from U.S. Natural Gas Systems.” Available at:
http://www.wri.org/publication/clearing-the-air
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fugitive emissions from natural gas systems would ensure that the climate impacts of
natural gas are much lower than coal or diesel fuel over any time horizon.

e Recent emissions standards from the U.S. Environmental Protection Agency (EPA) will
substantially reduce leakage from natural gas systems, but to help slow the rate of global
warming pollution and improve air quality, further action by states and federal agencies
should directly address fugitive methane from new and existing wells and equipment.

e Fortunately, most strategies for reducing fugitive methane emissions are cost-effective,
with payback periods of three years or less. A recent WRI report found that cuts in
methane leakage from natural gas systems are among the most important steps the U.S.
can take toward meeting our GHG emissions reduction goals.”

e The process of liquefaction, transport, and regasification of LNG is highly emissions-
intensive, increasing by 15 percent the total life cycle GHG emissions associated with
exported U.S. natural gas, compared to natural gas that is produced and consumed
domestically. These added upstream emissions also significantly reduce the relative
advantage that natural gas would have over higher-emitting fuels, like coal and oil.

e The following policy actions by Congress would help reduce methane emissions as cost-
effectively and quickly as possible:

o Expand applied technology research programs at the U.S. Department of Energy
(DOE) to help reduce the cost of leak-detection and emissions measurement

technologies, and to develop new and lower-cost emission reduction strategies.

> See: “Can the U.S. Get There from Here? Using Existing Federal Laws and State Actions to Reduce Greenhouse
Gas Emissions,” available at: http://www.wri.org/publication/can-us-get-there-from-here.
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o Update emissions factors for natural gas systems using robust measurement
protocols, public reporting by industry, and independent verification.

o Authorize and appropriate funding for the organization STRONGER (State
Review of Oil and Natural Gas Environmental Regulations) to help states with
timely development and evaluation of their environmental regulations.

o Support voluntary programs at EPA, including Natural Gas STAR and other
programs which recognize companies that demonstrate a commitment to best
practices.

o Support EPA’s efforts to provide technical and regulatory assistance to states with
expanding oil and natural gas development, including through the Ozone Advance
Program.

e Broader action on policies supporting clean energy and addressing climate change should
also be on the table. A clean energy standard or putting a price on carbon would provide
clear signals to energy markets that energy providers and users need to recognize the

environmental and social costs as well as the direct economic costs of energy resources.

Finally, every day that we take no policy action on climate change, we make the policy choice to
let climate change run its course. This ignores the overwhelming consensus of climate scientists
who have been warning for decades that rising GHG emissions will cause the planet to warm,
sea levels to rise, and weather to become more extreme. It is indisputable that these climate
changes are happening today, in many cases much more quickly than expected. Action is

urgently needed.



LNG Exports, the Public Interest, and Climate Change

When reviewing grant applications for LNG export authorizations, DOE is required to determine
if proposed exports “will not be consistent with the public interest." In making this finding, DOE
is considering a range of factors, including economic, energy security, and environmental
impacts.® The climate change implications of LNG exports touches on each of these factors and
therefore deserves more careful consideration by Congress and DOE.

The January 2012 study by EIA included a useful but limited assessment of the climate change
implications of LNG exports, while the NERA Economic Consulting report (December 2012)
was more narrowly focused on macroeconomic considerations.” This testimony focuses
particular attention to how LNG exports — and increased production of natural gas more broadly
— could affect domestic and international GHG emissions, which is clearly a question of

relevance to the public interest.

There is no doubt that our climate is already changing in ways that are increasingly risky,
difficult to manage, and harmful to public health and the environment.® Recent science
assessments — including by the U.S. National Academy of Sciences and the U.S. Global Change
Research Program® — agree that GHG emissions are very likely causing higher global

temperatures, rising sea levels, and more frequent extreme weather events. National science

® See: http://www.fossil.energy.gov/programs/gasregulation/LNGStudy.html

7 Both reports are available here: http://www.fossil.energy.gov/programs/gasregulation/LNGStudy.html

® National Academies, Committee on Climate Choices, Final Report, 2011. http://dels.nas.edu/Report/America-
Climate-Choices-2011/12781

? http://ncadac.globalchange.gov/download/NCAJan11-2013-publicreviewdraft-fulldraft.pdf
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academies from over a dozen countries, including the U.S., have expressly urged governments to

take urgent action to curb these harmful emissions.™

The current U.S. commitment to the international community is to reduce GHG emissions below
2005 levels by 17 percent in 2020 and 83 percent in 2050.! While a shift in electric generation
to natural gas from coal has played a significant role in recent reductions in U.S. carbon dioxide
emissions, this market-driven trend in the power sector has reversed somewhat in recent months,
as natural gas prices have been increasing.'? Furthermore, GHG emissions from all major
sources will need to be addressed for the U.S. to help achieve climate stabilization at 2° Celsius,
which the international community has agreed to be an appropriate and relatively safe target. A
recent report by the World Bank™® found that the world is on track for at least a 4° Celsius
increase in global temperatures, which would be extremely damaging to global development
goals and be “marked by extreme heat-waves, declining global food stocks, loss of ecosystems
and biodiversity, and life-threatening sea level rise.” However, the World Bank also concluded

that there is still time to enact policies that would help avoid this outcome.

1% G8+5 Academies’ joint statement: Climate change and the transformation of energy technologies for a low
carbon future. http://www.nationalacademies.org/includes/G8+5energy-climate09.pdf

" see:

http://unfccc.int/files/meetings/cop 15/copenhagen_accord/application/pdf/unitedstatescphaccord app.1.pdf
12 See: http://insights.wri.org/news/2013/03/new-data-reveals-rising-coal-use

B see: http://climatechange.worldbank.org/content/climate-change-report-warns-dramatically-warmer-world-
century
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Concerns about the environmental impacts of shale gas development

Natural gas production in the United States has increased rapidly in recent years, growing by 23
percent from 2007 to 2012.%* This development has significantly changed projections of the
future energy mix in the U.S. The shale gas phenomenon has also helped reduce energy prices,
directly and indirectly supporting growth for many sectors of the U.S. economy, including
manufacturing. The EIA projects that the United States will begin exporting LNG within 5 years

and that the country will be a net natural gas exporter by the year 2020.%

Shale gas development has also triggered divisive debates over the near- and long-term
environmental implications of developing and using these resources, including concerns about
water resources, air quality, and land and community impacts.*® Like all forms of energy,
including conventional natural gas, there are public health and environmental risks associated
with shale gas development. Chief among public concerns are drinking water contamination
resulting from improper wastewater management, chemical spills, and underground methane
migration into groundwater. There are also concerns regarding air emissions, and land-related
impacts including habitat fragmentation and soil erosion. Other common concerns involve
community impacts related to industrial development and extensive truck traffic. In 2011, the
Secretary of Energy Advisory Board’s Natural Gas Subcommittee warned"’ that “disciplined

attention must be devoted to reducing the environmental impact” of shale gas development in the

¥ See: http://www.eia.gov/forecasts/aeo/index.cfm

“ibid

'® For more detailed discussions of the broader environmental impacts of natural gas development, see:
http://www.gao.gov/products/GAO-12-732; and http://www.rff.org/Documents/RFF-Rpt-
PathwaystoDialogue FullReport.pdf

Y http://www.shalegas.energy.gov/resources/111811 final report.pdf
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face of its expected continued rapid growth, with as many as 100,000 more wells expected over

the next few decades.

Of particular concern are the air emissions and climate change implications of shale gas
development, including fugitive methane emissions, which reduce the net climate benefits of
using lower-carbon natural gas as a substitute for coal and oil for electricity generation and
transportation, respectively. Other air emissions from the natural gas sector include CO., volatile
organic compounds (VOCs, which are chemicals that contribute to ground-level ozone and
smog), and hazardous air pollutants (HAPs). In 2012, EPA finalized air pollution standards for
VOCs and HAPs from the oil and natural gas sector. These rules will improve air quality and
have the co-benefit of reducing methane emissions. As discussed below (see p. 18, “Progress is
Being Made but There is More Work to Be Done”), these standards should be complemented by
additional actions to further reduce methane emissions, which will help slow the rate of global

temperature rise in the coming decades.

From the standpoint of CO, emissions, shale gas development and lower natural gas prices have
contributed to recent emissions reductions in the U.S. However, GHG emissions are projected to
rise, and market forces and voluntary actions alone will not enable an effective response to
climate change. Thus broad policy action will be needed. For example, analysis by the
International Energy Agency (IEA)® found that a significant global increase in use of natural gas
over the coming decades could have some net climate benefits compared to scenarios in which

oil and coal play more prominent roles. However, the IEA’s “Golden Rules Case” scenario

¥ |nternational Energy Agency, “Golden Rules for a Golden Age of Gas.” Available at:
http://www.worldenergyoutlook.org/media/weowebsite/2012/goldenrules/we02012_goldenrulesreport.pdf



would result in CO, concentrations in the atmosphere of 650 parts per million (ppm) and a global
temperature rise of 3.5° Celsius, almost twice the internationally accepted 2° Celsius target.
Economic modeling conducted by researchers at MIT® and Resources for the Future” have also
found that while greater use of natural gas may offer some climate benefits, climate and energy
policies will be needed to reduce CO, emissions by anywhere near our 83 percent target by mid-
century. While natural gas will likely play an essential bridging role in this transition, this will
require both reducing the upstream GHGs produced during the extraction process, and — if gas-
fired power plants are to be a part of a longer-term energy future — using carbon capture and

storage (CCS) technology.

Why Focus on Methane Emissions?

Though methane accounted for only 10 percent of the U.S. greenhouse gas emissions inventory
in 2010 (Figure 1), it represents one of the most important opportunities for reducing GHG
emissions in the U.S.?? In addition to the scale and cost-effectiveness of the reduction
opportunities, climate research scientists have concluded that cutting methane emissions in the

near term could slow the rate of global temperature rise over the next several decades.?

19 See: http://globalchange.mit.edu/research/publications/2229

2 see: http://www.rff.org/RFF/Documents/RFF-IB-09-11.pdf

*! Note: all GHG inventory numbers referred to in this testimony were adjusted to reflect a more current global
warming potential (GWP) for methane of 25 (IPCC 2007). This is necessary because when EPA converts methane to
carbon dioxide equivalents they use an out-of-date GWP for methane of 21 (IPCC 1995), for the sake of
consistency with UNFCCC reporting guidelines.

?? See: “Can the U.S. Get There from Here? Using Existing Federal Laws and State Actions to Reduce Greenhouse
Gas Emissions,” available at: http://www.wri.org/publication/can-us-get-there-from-here.

23 National Research Council, 2011. “Climate Stabilization Targets: Emissions, Concentrations, and Impacts over
Decades to Millennia,” ISBN: 0-309-15177-5, 298 pages. http://www.nap.edu/catalog/12877.html
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Rising methane concentrations in the atmosphere have a potent, near-term warming effect
because this greenhouse gas has a relatively high global warming potential and short atmospheric
lifetime (IPCC 2007). Global warming potential (GWP) is a measure of the total energy that a
gas absorbs over a particular period of time (usually 100 years), compared to carbon dioxide.
Key factors affecting the GWP of any given gas include its average atmospheric lifetime and the
ability of that molecule to trap heat. By mass, the same amount of methane emissions is 25 times
more potent than carbon dioxide emissions over a 100-year time horizon (IPCC 2007). In the 20-
year time frame, studies estimate that methane’s GWP is at least 72 times greater than that of

carbon dioxide.

Scientists at the National Research Council of the U.S. National Academy of Sciences have
concluded that global CO, emissions need to be reduced in the coming decades by at least 80
percent to stabilize atmospheric CO, concentrations and thereby avoid the worst impacts of
global climate change.?* However, given the slow pace of progress in the U.S. in this regard, it is
valuable and important for policymakers to consider cost-effective mitigation strategies — such as

cutting methane emissions — that would have a disproportionate short-term impact.

How Emissions-Intensive is U.S. Natural Gas?
EPA estimates that total emissions from the development, transmission, and use of natural gas in
the U.S. made up roughly a quarter of the total U.S. GHG inventory in 2011.% While natural gas

emits about half as much carbon dioxide as coal at the point of combustion, the picture is more

24 .

Ibid.
» Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011 (April 2013).
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
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complicated from a life cycle perspective. Three percent of the U.S. inventory is the result of
fugitive methane emissions from natural gas systems® — i.e., natural gas lost to the atmosphere
through venting and systemic leaks, prior to the point of combustion. To put this in perspective,
in 2011, these methane leaks resulted in more GHG emissions®’ than all of the direct and indirect

GHG emissions from U.S. iron and steel, cement, and aluminum manufacturing combined.?

EPA’s 2013 GHG inventory implies a methane leakage rate of less than 2 percent of total natural
gas production. Meanwhile, recent research?® has shown that at less than a 3 percent leakage rate,
natural gas produces fewer GHG emissions than coal over any time horizon. Additionally,
reducing the methane leakage rate to below 1 percent would ensure that heavy-duty vehicles
fueled by natural gas, like buses and long-haul trucks, would provide an immediate climate
benefit over similar vehicles fueled by diesel. Thus, reducing total methane leakage to less than 1
percent of natural gas production is a sensible performance standard for the sector; an achievable

benchmark that has not yet been reached.

Accurate estimates of the total leakage rate from the natural gas sector require reliable data for a
broad range of industry activities and emissions factors associated with those activities. While
EPA has recently updated industry activity data, most of the emissions factors rely on assumed

emissions factors — as opposed to direct measurements, which are generally rare and often

*® The GHG inventory estimates 6.9 million metric tons of fugitive methane from natural gas systems in 2011.

%’ This estimate is based on an assumed global warming potential for methane of 25, which is the convention when
considering the climate implications of methane compared to carbon dioxide, integrated over a 100-year time
frame (IPCC, 2007).

% See:
http://www.energetics.com/resourcecenter/products/roadmaps/Pages/USManufacturingEnergyUseandGreenhou
seGasEmissionsAnalysis.aspx

*® See: http:// www.pnas.org/content/109/17/6435
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outdated. Some recently published research suggests that emissions levels may be higher than
EPA estimates; this, coupled with high ground-level ozone levels in Colorado and Texas and
rural parts of Utah and Wyoming (i.e., smog that is attributed to shale gas production activities),
suggests that the emissions problem may be worse than we think, and certainly subject to

regional variations.*

With hundreds of thousands of wells and thousands of natural gas producers operating in the
U.S., the data quality issue will likely remain an active debate, even as forthcoming data from
EPA and other sources in the coming months aims to clarify these questions.®! In its November
2011 final report, the Secretary of Energy Advisory Board recommended that natural gas
companies measure and disclose air emissions from shale wells.*? Indeed, what remains lacking
is a valid system for direct measurement and independent verification of emissions data reported

by this sector.®

Nevertheless, while uncertainties remain regarding exact methane leakage rates, the weight of
evidence suggests that significant leakage occurs during every life cycle stage of U.S. natural gas

systems and much more can be done to reduce these emissions cost-effectively. A recent expert

% Recent research based on field measurements of ambient air near natural gas well-fields in Colorado and Utah
suggest that more than 4 percent of well production may be leaking into the atmosphere at some production-stage
operations. For more discussion of questions regarding the quality and availability of methane emissions data, see
Appendix 3 of “Clearing the Air,” here: http://www.wri.org/publication/clearing-the-air.

* For example, independent researchers at the University of Texas at Austin are teaming up with the Environmental
Defense Fund and several industry partners to directly measure methane emissions from several key sources. When
results are published in 2013 and 2014, these data will provide valuable points of reference to help inform this
important discussion.

%2 See: http://www.shalegas.energy.gov/

** Such systems and protocols have been developed for tracking emissions from other sources. For example, see:
http://www.epa.gov/etv/vt-ams.html
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survey by Resources for the Future®* identified methane emissions as a “consensus environmen-

tal risk” that should be addressed through government and industry actions.

How Will LNG Exports Affect Greenhouse Gas Emissions?

To the extent that it is displacing higher-carbon fuels such as coal and oil, natural gas has the
potential to help reduce total greenhouse gas emissions. This is particularly true as long as
upstream emissions associated with natural gas are minimized and ideally methane leakage is

kept below 1 percent of total production, as discussed above.

That said, the potential for LNG exports raises three primary concerns from a climate

perspective.

1) The first area of concern involves upstream GHG emissions associated with increased
onshore natural gas production. EIA projects that LNG exports would result in increased
domestic production of natural gas, with roughly three quarters of this from shale
sources. As shown in Figure 1, there are significant upstream GHG emissions (both CO,
and methane) associated with shale gas production in the U.S. Given continued
uncertainty around the actual level of methane emissions over the lifetime of both
conventional and unconventional gas wells,* this projected market response could result
in substantially higher levels of GHG emissions from throughout U.S. natural gas
systems. The good news is that there are many ways to cost-effectively reduce upstream

methane emissions; we encourage government and industry to do more to realize this

** See: http://www.rff.org/Documents/RFF-Rpt-PathwaystoDialogue_FullReport.pdf
* Most studies estimate that upstream GHG emissions from conventional and unconventional gas sources are
roughly comparable, within the margin of error.
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opportunity (see p. 20 below, “Further Potential to Reduce Fugitive Methane

Emissions”).

Figure 1: Estimated Life Cycle Greenhouse Gas Emissions from U.S. Shale Gas, LNG Exports, and Coal
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Sources: Bradbury et al. 2013; Weber and Clavin, 2012; NETL, 2012; Burnham et al. 2011

2) The second area of concern is with respect to the liquefaction, transport, and
regasification of LNG exports. According to a 2012 Natural Gas Technology Assessment
by the National Energy Technology Lab (NETL),*® these energy- and emissions-intensive
processes would add roughly 15 percent® to total life cycle GHG emissions associated
with U.S. onshore natural gas production (see Figure 1, above, “LNG upstream”). These

added upstream emissions significantly reduce the relative advantage that natural gas

* NETL (National Energy Technology Laboratory). 2012. Role of Alternative Energy Sources: Natural Gas
Technology Assessment. National Energy Technology Laboratory, U.S. Department of Energy. Available at:
http://www.netl.doe.gov/energy-analyses/refshelf/PubDetails.aspx?Action=View&Publd=435

%’ Based on data provided in Appendix B of the NETL (2012) report, we calculate 11.5 grams of CO, equivalent per
megajoule (g CO2e/MJ) of natural gas exported, which we added to estimated life cycle emissions associated with
shale gas production, after the recent EPA rule takes effect (8.25 g CO2e/MJ), and typical estimate of final
combustion of natural gas (56 g CO2e/M)).
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would have over higher-emitting fuels like coal.*® The chart below illustrates the relative
contributions of each process to total GHGs associated with LNG exports; liquefaction is
the most emissions-intensive process, followed by regasification and transport. It is also
worth noting that natural gas liquefaction emissions would occur at domestic LNG

terminals, adding to total U.S. GHG emissions.

Figure 2: Life Cycle GHG Emissions from LNG Terminals, Transport, and Infrastructure
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Source: Adapted from NETL, 2012

3) The third area of concern is the indirect domestic and international energy market
implications of U.S. LNG exports. EIA’s 2012 report to DOE found that LNG exports
would raise domestic prices for natural gas, making natural gas relatively less

competitive compared to other energy sources in the U.S., resulting in greater use of coal

*® Note that the data presented in Figure 1 show life cycle emissions estimates for the domestic production of
natural gas and coal, with upstream LNG numbers assuming LNG exported from Trinidad and Tobago and imported
in Louisiana. Ideally, this figure would offer a direct comparison between life cycle emissions from domestic shale
gas production and export versus coal or fuel oil in the country of import. However, such data are not readily
available at this time.
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and higher levels of GHG emissions under all LNG export scenarios.*® The global GHG
implications of LNG exports from the U.S. is harder to assess, but the basic picture is that
more gas would be sold into international markets, which would help reduce carbon
dioxide emissions as long as it displaced higher-carbon fuel sources. Given the extensive
scale of planned coal-fired power plants around the world*® and accounting for the
prevalence of energy-efficient technologies available for natural gas combustion,** this is
a reasonable assumption. On the other hand, a greater abundance of lower-priced natural
gas in global energy markets (supported by U.S. LNG exports) is also expected to
increase total energy use and displace some lower-carbon renewable and nuclear energy
sources, which will increase GHG emissions in markets where lower-carbon technologies
have become relatively cost-effective. Taking all of these factors into consideration, IEA
projections*? *® find that greater supplies of natural gas would lead to net annual
reductions in global CO, emissions of 0.5 percent by 2035.% The report concludes that
“while a greater role for natural gas in the global energy mix does bring environmental
benefits where it substitutes for other fossil fuels, natural gas cannot on its own provide

the answer to the challenge of climate change.”

** The EIA estimates increases in U.S. CO, emissions between 9 and 75 MMt per year, from 2015 to 2035.

0 see: http://www.wri.org/publication/global-coal-risk-assessment

1 see: http://www.c2es.org/technology/factsheet/natural-gas

*2 See: http://www.worldenergyoutlook.org/goldenageofgas/

* See: http://www.worldenergyoutlook.org/media/weowebsite/2011/WE02011 GoldenAgeofGasReport.pdf
* In their 2011 special report on natural gas, the IEA estimated that the GAS Scenario would lead to 35.3
gigatonnes (Gt) energy-related CO, emissions in 2035, with annual reduction of 160 million metric tons (MMt), in
that year (compared to their “New Policies Scenario”). In their 2012 special report, the IEA reached a similar
conclusion, estimating 184 MMt of annual reductions in global energy-related CO, emissions in 2035 with their
“Golden Rules Case” (compared to a baseline), with global emissions rising to 36.8 gigatonnes (Gt) in the same
year.
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In summary, available evidence suggests that LNG exports from the U.S. would marginally
reduce global CO, emissions, although the scale of these estimated GHG emissions savings is an
order of magnitude lower than the total projected levels of global methane emissions from
natural gas and oil systems.*”> Meanwhile, it appears very likely that LNG exports from U.S.
terminals would result in increased domestic GHG emissions from both upstream and

downstream sources.

These expected outcomes should raise the bar for policymakers and industry to more actively
work to achieve continuous improvement in GHG emissions from all life cycle stages of natural
gas development and use. Our research shows that reducing fugitive methane can be highly cost-
effective — beneficial to customers and companies alike — and it is necessary if natural gas and
LNG exports are to be part of the solution to our climate change problem, both in the U.S. and

internationally.

Progress is Being Made but There is More Work to Be Done
Now for the good news. Increased attention to the air emissions issue has resulted in significant

recent progress toward reducing air pollution from natural gas systems.

In April 2012 EPA finalized regulations for New Source Performance Standards (NSPS) and

National Emissions Standards for Hazardous Air Pollutants (NESHAP) that primarily target

> By way of comparison, the EPA estimates that global annual fugitive methane emissions from natural gas and oil
systems in 2030 will exceed 2,500 MMT carbon dioxide equivalent (CO,e), assuming a GWP of 25, over a 100 year
time frame (see: http://www.epa.gov/climatechange/EPAactivities/economics/nonco2projections.html). The U.S.
GHG inventory estimates that fugitive methane emissions from U.S. natural gas systems in 2011 were just over 170
MMT CO2e.
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VOCs and air toxics emissions but will have the co-benefit of reducing methane emissions. The
new EPA rules require “green completions,” which reduce emissions during the flow-back stage
of all hydraulic fracturing operations at new and re-stimulated natural gas wells. The rules will

also reduce leakage rates for compressors, controllers, and storage tanks.

EPA should be applauded for establishing these public health protections. Minimum federal stan-
dards for environmental performance are a necessary and appropriate framework for addressing
cross-boundary pollution issues like air emissions. Federal Clean Air Act regulations are
generally developed in close consultation with industry and state regulators and are often
implemented by states. This framework allows adequate flexibility to enable state policy

leadership and continuous improvement in environmental protection over time.

In our recent working paper, WRI estimated that these new rules will reduce methane emissions
enough to cut all upstream GHG emissions from natural gas systems (including shale gas) by 13
percent in 2015 and 25 percent by 2035. As can be seen in Figure 3 below, the NSPS/NESHAP
rules will make a big difference by helping to avoid a rise in upstream GHG emissions that
would otherwise be likely given the projected growth in domestic natural gas production. The
figure also shows that upstream carbon dioxide and methane emissions will remain a significant

problem without further action.
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Figure 3: Upstream GHG Emissions from All Natural Gas Systems, 2006 to 2035

Pre-NSPS

BAU (with NSPS)

Notes: Upstream GHG emissions before and after application of the EPA NSPS rule,
for all natural gas systems

Source: Bradbury et al., 2013 (WRI)

Further Potential to Reduce Fugitive Methane Emissions

WRI estimates that by implementing just three technologies that capture or avoid fugitive
methane emissions, upstream methane emissions across all natural gas systems could be cost-
effectively cut by up to an additional 30 percent (see Figure 4, below). The technologies include
(a) fugitive methane leak monitoring and repair at new and existing well sites, processing plants,
and compressor stations; (b) replacing existing high-bleed pneumatic devices with low-bleed
equivalents throughout natural gas systems; and (c) use of plunger lift systems*® at new and

existing wells during liquids unloading operations. By our estimation, these three steps would

*® Note: new data from the most recent EPA emissions inventory suggests that these technologies are much more
widely used than previously thought. See: http://insights.wri.org/news/2013/05/5-reasons-why-its-still-important-
reduce-fugitive-methane-emissions
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bring down the total life cycle leakage rate across all natural gas systems to just above 1 percent
of total production. Through adoption of five additional abatement measures that each address
smaller emissions sources (i.e., a “Go-Getter” Scenario), the 1 percent goal would be readily
achieved. All eight of these technologies could be implemented cost-effectively with payback

periods of three years or less.

Figure 4: Upstream GHG Emissions from All Natural Gas Systems; with Additional Abatement Scenarios

m Pre-NSPS m BAU (with NSPS), “Go-Getter” Scenario
BAU (with NSPS) with Three Abatement
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Source: Bradbury et al., 2013

Policy Recommendations

New public policies will be needed to reduce methane emissions from both new and existing
equipment throughout U.S. natural gas systems. WRI research has found that market conditions

alone are not sufficient to compel industry to adequately or quickly adopt available best
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practices. To the members of this committee, | recommend the following actions to help EPA

and states cost-effectively reduce air emissions from natural gas systems.

Expand applied technology research. Efforts to reduce upstream GHG emissions from natural
gas systems could be aided by applied technology research at DOE. Such research should be
expanded, with a focus on advancement of technologies to reduce the cost of leak detection,
improve emissions measurements, and develop new and lower-cost methane emission reduction

strategies.

Update emissions factors for key processes. To help resolve questions regarding the scale of
methane emissions from U.S. natural gas infrastructure and operations — and to inform critical
domestic and international climate and energy policy decisions — the oil and gas sector should be
required to directly measure and report their emissions, with results subject to independent

verification and public disclosure.

Assist with environmental regulations. With more funding, the organization STRONGER (State
Review of Oil and Natural Gas Environmental Regulations) could provide more states with
timely assistance in developing and evaluating environmental regulations, including (but not

limited to) those designed to reduce air pollution.

Support best practices. With more funding, EPA could do more through Natural Gas STAR and
other programs to recognize companies that demonstrate a commitment to best practices. This

program could further encourage voluntary industry actions by maintaining a clearinghouse for
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technologies and practices that reduce all types of air emissions from the oil and natural gas

sector.*’

Provide technical and regulatory assistance. Recognizing the central role of state governments
in achieving federal National Ambient Air Quality Standards, with more funding EPA could
provide targeted technical and regulatory assistance to states with expanding oil and natural gas
development. One example of a successful model that could be expanded is EPA’s Ozone
Advance Program. States concerned about smog and other air quality problems associated with
oil and gas development voluntarily engage with this program, resulting in the co-benefit of

reduced methane emissions.

Reduce carbon dioxide emissions. Broader action is also needed on policies supporting clean
energy and addressing climate change. A clean energy standard or putting a price on carbon
would provide clear signals to energy markets that energy providers and users need to recognize

the environmental and social costs as well as the direct economic costs of energy resources.

Conclusions

Some advocate for a free-market approach to managing energy production, transmission, and
use. While I agree with the general virtues of free markets, | would also caution that there is no

free lunch. The National Research Council has identified very significant costs associated with

* An example of one existing clearinghouse can be found here: http://cfpub.epa.gov/RBLC/
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fossil energy use that are hidden to most U.S. consumers.*® Society pays when our health-care
premiums rise due to harmful health effects caused by high ozone levels and other air pollution;
taxpayers pick up the tab for climate change when the frequency and intensity of extreme

weather events causes increasing damage to our communities and critical infrastructure.

Others highlight the energy and national security benefits of natural gas exports, which may
reduce the political and economic influence of countries that do not share common interests with
the U.S. and our allies. While such geopolitical benefits may be realized, LNG exports will do
little to help avoid dangerous levels of climate change. We could also improve our geopolitical
standing by demonstrating leadership in achieving greenhouse gas emissions reductions, much of
which can be accomplished cost-effectively and with net benefits to the economy — starting with
the policy actions recommended above. Meanwhile, the more we invest in fossil energy
resources and infrastructure while delaying policy actions to significantly reduce GHG pollution,
the more we expose ourselves and our allies to the destabilizing effects of climate change. In its
2010 Quadrennial Defense Review, the Department of Defense found that “climate change could
have significant geopolitical impacts around the world.” The same report concludes that climate
change could further weaken fragile governments and contribute to food scarcity, spread of
disease, and mass migration. Meanwhile, 30 military installations already face elevated risk from

sea-level rise.

*® NRC (National Research Council). 2010.“Hidden Costs of Energy: Unpriced Consequences of Energy Production
and Use.” Washington, DC: The National Academies Press. Available at:
http://www.nap.edu/catalog.php?record id=12794.
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Every day that we take no policy action on climate change, we make the policy choice to let
climate change run its course. This ignores the overwhelming consensus of climate scientists
who have been warning for decades that rising GHG emissions will cause the planet to warm,
sea levels to rise, and weather to become more extreme. It is indisputable that these climate
changes are happening today, and in many cases much more quickly than expected. Action is

urgently needed.
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Abstract Carbon dioxide (CO,) emissions from fossil fuel combustion may be reduced by
using natural gas rather than coal to produce energy. Gas produces approximately half the
amount of CO, per unit of primary energy compared with coal. Here we consider a scenario
where a fraction of coal usage is replaced by natural gas (i.e., methane, CH4) over a given
time period, and where a percentage of the gas production is assumed to leak into the
atmosphere. The additional CH4 from leakage adds to the radiative forcing of the climate
system, offsetting the reduction in CO, forcing that accompanies the transition from coal to
gas. We also consider the effects of: methane leakage from coal mining; changes in radiative
forcing due to changes in the emissions of sulfur dioxide and carbonaceous aerosols; and
differences in the efficiency of electricity production between coal- and gas-fired power
generation. On balance, these factors more than offset the reduction in warming due to
reduced CO, emissions. When gas replaces coal there is additional warming out to 2,050 with
an assumed leakage rate of 0%, and out to 2,140 if the leakage rate is as high as 10%. The
overall effects on global-mean temperature over the 21st century, however, are small.

Hayhoe et al. (2002) have comprehensively assessed the coal-to-gas issue. What has changed
since then is the possibility of substantial methane production by high volume hydraulic
fracturing of shale beds (“fracking”) and/or exploitation of methane reservoirs in near-shore
ocean sediments. Fracking, in particular, may be associated with an increase in the amount of
attendant gas leakage compared with other means of gas production (Howarth et al. 2011). In
Hayhoe et al., the direct effects on global-mean temperature of differential gas leakage
between coal and gas production are very small (see their Fig. 4). Their estimates of gas
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leakage, however, are less than more recent estimates. Here, we extend and update the
analysis of Hayhoe et al. to examine the potential effects of gas leakage on the climate, and on
uncertainties arising from uncertainties in leakage percentages.

We begin with a standard “no-climate-policy” baseline emissions scenario, viz. the
MiniCAM Reference scenario (MINREF below) from the CCSP2.1a report (Clarke et
al. 2007). (Hayhoe et al. used the MiniCAM A1B scenario, Nakic¢enovi¢ and Swart
2000.) We chose MINREF partly because it is a more recent “no-policy” scenario, but
also because there is an extended version of MINREEF that runs beyond 2,100 out to 2,300
(Wigley et al. 2009). The longer time horizon is important because of the long timescales
involved in the carbon cycle where changes to CO, emissions made in the 21st century
can have effects extending well into the 22nd century. (A second baseline scenario, the
MERGE Reference scenario from the CCSP2.1a report, is considered in the Electronic
Supplementary Material).

In MINREE, coal combustion provides from 38% (in 2010) to 51% (in 2100) of the
emissions of CO, from fossil fuels. (The corresponding percentages for gas are 19 to 21%,
and for oil are 43 to 28%.) For our coal-to-gas scenario we start with their contributions to
energy. It is important here to distinguish between primary energy (i.e., the energy content
of the resource) and final energy (the amount of energy delivered to the user at the point of
production). For a transition from coal to gas, we assume that there is no change in final
energy. As electricity generation from gas is more efficient than coal-fired generation, the
increase in primary energy from gas will be less than the decrease in primary energy from
coal — the differential depends on the relative efficiencies with which energy is produced.

To calculate the change in fossil CO, emissions for any transition scenario we use the
following relationship relating CO, emissions to primary energy (P)...

ECO2 = A Pcoal + B Poil + C Pgas (1)

where A, B and C are representative emissions factors (emissions per unit of primary
energy) for coal, oil and gas. The emissions factors relative to coal that we use are 0.75 for
oil and 0.56 for gas, based on information in EPAs AP-42 Report (EPA 2005). Using the
MINREF emissions for CO, and the published primary energy data give a best fit emissions
factor for coal of 0.027 GtC/exajoule, well within the uncertainty range for this term.

To determine the change in CO, emissions in moving from coal to gas under the
constraint of no change in final energy we use the equivalent of Eq. (1) expressed in terms
of final energy (F). This requires knowing the efficiencies for energy production from coal,
oil and gas (i.e., final energy/primary energy). If F=P x (efficiency), then we have

ECO2 = (A/a)Fcoal + (B/b)Foil 4 (C/c)Fgas (2)

where a, b and c are the efficiencies for energy production from coal, oil and gas. For
changes in final energy (AF) in the coal-to-gas case, AFoil is necessarily zero. To keep
final energy unchanged, therefore, we must have AFgas = —AFcoal. Hence, from Eq. (2)

AECQO2 = (AFcoal)(A/a — C/c) (3)
or ...

AECO2 = A APcoal[l — (C/A)/(c/a)] (4)

As APcoal is negative, the first term here is the reduction in CO, emissions from the
reduction in coal use, while the second term is the partially compensating increase in CO,
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emissions from the increase in gas use. Our best-fit value for A is 0.027 GtC/exajoule, and
C/A=0.56. To apply Eq. (4) we need to determine a reasonable value for the relative gas-to-
coal efficiency ratio (c/a), which we assume does not change appreciably over time. For
electricity generation, the primary sector for coal-to-gas substitution, Hayhoe et al. (2002,
Table 2) give representative efficiencies of 32% for coal and 60% for gas. Using these
values, Eq. (4) becomes ...

AECO2 = 0.027 APcoal[l — 0.299] (5)

for AECO?2 in GtC and AP in exajoules. Thus, for a unit reduction in coal emissions, there
is an increase in emissions from gas combustion of about 0.3 units.

To complete our calculations, we need to estimate the changes in methane, sulfur dioxide
and black carbon emissions that would follow the coal-to-gas conversion. Consider
methane first. Methane is emitted to the atmosphere as a by-product of coal mining and gas
production. Although these fugitive emissions are relatively small, they are important
because methane is a far more powerful forcing agent per unit mass than CO,.

For coal mining we use information from Spath et al. (1999; Figs. C1 and C4). A typical
US coal-fired power plant emits 1,100 gCO2/kWh, with an attendant release of methane of
2.18 gCH4/kWh, almost entirely from mining. Thus, for each GtC of CO, emitted from a
coal-fired power plant, 7.27 TgCH4 are emitted from mining. Spath et al. give other
information that can used to check the above result. They give values of 1.91 gCH4
released per ton of coal mined from surface mines, and 4.23 gCH4 per ton from deep
mines. As 65% of coal comes from deep mines, the weighted average release is 3.42 gCH4/
ton. Since 1 ton of coal, when burned, typically produces 1.83 kgCO2, the amount of
fugitive methane per GtC of CO, emissions from coal-fired power plants is 6.85 TgCH4/
GtC, consistent with the previous result. For our calculations we use the average of these
two results, 7.06 TgCH4/GtC; i.e., if CO, emissions from coal-fired power generation are
reduced by 1 GtC, we assume a concomitant decrease in CH, emissions of 7.06 TgCH4.
We assume that this value for the USA is applicable for other countries.

For leakage associated with gas extraction and transport we note that every kg of gas
burned produces 12/16 kgC of CO,. If the leakage rate is “p” percent, then, for any given
increase in CO, emissions from gas combustion, the amount of fugitive methane released is
(p/100) (16/12) 1000=13.33 (p) TgCH4/GtC. For a leakage rate of 2.5%, for example
(roughly the present leakage rate for conventional gas extraction), this is 33.3 TgCH4/GtC.
Because the CO, emissions change from gas combustion is much less than that for coal
(about 30%; see Eq. (5)), for the 2.5% leakage case this would make the coal mining and
gas leakage effects on CH, quite similar (but of opposite sign), in accord with Hayhoe et al.
(2002, Table 1).

SO, emissions are important because coal combustion produces substantial SO,
whereas SO, emissions from gas combustion are negligible. Reducing energy production
from coal has compensating effects — reduced CO, emissions leads to reduced warming in
the long term, but this is offset by the effects of reduced SO, emissions which lead to lower
aerosol loadings in the atmosphere and an attendant warming (Wigley 1991). For CO, and
SO,, emissions factors for coal (from Hayhoe et al. 2002, Table 1) are 25 kgC/GJ and
0.24 kgS/GJ. For each GtC of CO, produced from coal combustion, therefore, there will be
19.2 TgS of SO, emitted. We can check this using emissions factors from Spath et al.
(1999, Figs. C1 and C2). For a typical coal-fired power plant these are 7.3 gSO2/kWh and
1,100 gCO2/kWh. Hence, for each GtC of CO, produced from coal combustion, SO,
emissions will be 12.17 TgS. Effective global emissions factors can also be obtained from
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published emissions scenarios. For example, for changes over 2000 to 2010 in the MINREF
scenario, the emissions factor for coal combustion is approximately 11.6 TgS/GtC.

From these different estimates it is clear that there is considerable uncertainty in the SO,
emissions factor, echoing in part the widely varying sulfur contents in coal. Furthermore,
for future emissions from coal combustion the SO, emissions factor is likely to decrease
markedly due to the imposition of SO, pollution controls (as explained, for example, in
Nakicenovi¢ and Swart 2000). It is difficult to quantify this effect, a difficulty highlighted,
for example, by the fact that, in the second half of the 21st century, many published
scenarios show increasing CO, emissions, but decreasing SO, emissions — with large
differences between scenarios in the relative changes.

For the coal-to-gas transition, it is not at all clear how to account for the effects that SO,
pollution controls, that will likely go on in parallel with any transition from coal to gas, will
have on the SO, emissions factor. However, future coal-fired plants will certainly employ
such controls, so emissions factors for SO, will decrease over time. To account for this we
assume a value of 12 TgS/GtC for the present (2010) declining linearly to 2 TgS/GtC by
2,060 and remaining at this level thereafter. This limit and the attainment date are consistent
with the fact that many of the SRES scenarios tend to stabilize SO, emissions at a finite,
non-zero value at around this time.

For black carbon (BC) aerosol emissions we use the relationship between BC and SO,
emissions noted by Hayhoe et al. (2002, p. 125) and make BC forcing proportional to SO,
emissions. Using best-estimate forcings from the IPCC Fourth Assessment Report, this
means that the increase in sulfate aerosol forcing changes due to SO, emissions reductions
are reduced by approximately 30% by the attendant changes in BC emissions. This is a
larger BC effect than in Hayhoe et al. However, compared with the large overall uncertainty
in aerosol forcing, the difference between what we obtain here and the results of Hayhoe et
al. are relatively small.

For our coal-to-gas emissions scenario we assume that primary energy from coal is
reduced linearly (in percentage terms) by 50% over 2010 to 2050 (1.25%/yr), and that the
reduction in final energy is made up by extra energy from gas combustion. (A second, more
extreme scenario is considered in the Electronic Supplementary Material). In this way, there
are no differences in final energy between the MINREF baseline scenario and the coal-to-
gas perturbation scenario. Hayhoe et al. consider scenarios where coal production reduces
by 0.4, 1.0 and 2.0%/yr over 2000 to 2025. After 2050 we assume no further percentage
reduction in coal-based energy (i.e., the reduction in emissions from coal relative to the
baseline scenario remains at 50%). This is an idealized scenario, but it is sufficiently
realistic to be able to assess the relative importance of different gas leakage rates. We
consider leakage rates of zero to 10%,

Baseline and perturbed (coal to gas) primary energy scenarios for coal and gas are shown
in Fig. 1, together with the corresponding fossil-fuel CO, emissions. The changes in
primary energy breakdown are large: e.g., in 2100, primary energy from coal is 37% more
than from gas in the baseline case, but 50% less than gas in the perturbed case. The
corresponding reduction in emissions is less striking. In the perturbed case, 2100 emissions
are reduced only by 19%. (Cases where there are larger emissions reductions are considered
in the Electronic Supplementary Material).

To determine the consequences of the coal-to-gas scenario we use the MAGICC coupled
gas-cycle/upwelling-diffusion climate model (Wigley et al. 2009; Meinshausen et al. 2011).
These are full calculations from emissions through concentrations and radiative forcing to
global-mean temperature consequences. We do not make use of Global Warming Potentials
(as in Howarth et al. 2011, for example), which are a poor substitute for a full calculation
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(see, e,g., Smith and Wigley 2000a, b). MAGICC considers all important radiative forcing
factors, and has a carbon cycle model that includes climate feedbacks on the carbon cycle.
Methane lifetime is affected by atmospheric loadings on methane, carbon monoxide,
nitrogen oxides (NOx) and volatile organic compounds. The effects of methane on
tropospheric ozone and stratospheric water vapor are considered directly. For component
forcing values we use central estimates as given in the IPCC Fourth Assessment Report
(IPCC 2007, p.4). We also assume a central value for the climate sensitivity of 3°C
equilibrium warming for a CO, doubling. (A second case using a higher sensitivity is
considered in the Electronic Supplementary Material).

Figure 2 shows the relative and total effects of the coal-to-gas transition for a leakage
rate of 5%. This is within the estimated leakage rate range (1.7—6.0%; Howarth et al. 2011)
for conventional methane production (the effects of well site leakage, liquid uploading and
gas processing, and transport, storage and processing). For methane from shale, Howarth et
al. estimate an additional leakage of 1.9% (their Table 2) with a range of 0.6-3.2% (their
Table 1). The zero to 10.0% leakage rate range considered here spans these estimates —
although we note that the high estimates of Howarth et al. have been criticized (Ridley
2011, p. 30).

The top panel of Fig. 2 shows that the effects of CH4 leakage and reduced aerosol
loadings that go with the transition from coal to gas can appreciably offset the effect of
reduced CO, concentrations, potentially (see Fig. 3) until well into the 22nd century.
For the leakage rate ranges considered here, however, the overall effects of the coal to
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gas transition on global-mean temperature are very small throughout the 21st century,
both in absolute and relative terms (see Fig. 2a). This is primarily due to the relatively
small reduction in CO, emissions that is effected by the transition away from coal (see
Fig. 1b). Cases where the CO, emissions reductions are larger (due to a more extreme
substitution scenario, or a different baseline) are considered in the Electronic
Supplementary Material. The relative contributions to temperature change are similar,
but the magnitudes of temperature change scale roughly with the overall reduction in
CO, emissions.

Figure 3 shows the sensitivity of the temperature differential to the assumed leakage
rate. The CO, and aerosol terms are independent of the assumed leakage rate, so we only
show the methane and total-effect results. These results are qualitatively similar to those
of Hayhoe et al. who considered only a single leakage rate case (corresponding
approximately to our 2.5% leakage case). For leakage rates of more than 2%, the methane
leakage contribution is positive (i.e., replacing coal by gas produces higher methane
concentrations) — see the “CH4 COMPONENT” curves in Fig. 3. Depending on leakage
rate, replacing coal by gas leads, not to cooling, but to additional warming out to between
2,050 and 2,140. Initially, this is due mainly to the influence of SO, emissions changes,
with the effects of CH, leakage becoming more important over time. Even with zero
leakage from gas production, however, the cooling that eventually arises from the coal-to-
gas transition is only a few tenths of a degC (greater for greater climate sensitivity — see
Electronic Supplementary Material). Using climate amelioration as an argument for the
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transition is, at best, a very weak argument, as noted by Hayhoe et al. (2002), Howarth et
al. (2011) and others.

In summary, our results show that the substitution of gas for coal as an energy
source results in increased rather than decreased global warming for many decades —
out to the mid 22nd century for the 10% leakage case. This is in accord with Hayhoe
et al. (2002) and with the less well established claims of Howarth et al. (2011) who base
their analysis on Global Warming Potentials rather than direct modeling of the climate.
Our results are critically sensitive to the assumed leakage rate. In our analysis, the
warming results from two effects: the reduction in SO, emissions that occurs due to
reduced coal combustion; and the potentially greater leakage of methane that
accompanies new gas production relative to coal. The first effect is in accord with
Hayhoe et al. In Hayhoe et al., however, the methane effect is in the opposite direction to
our result (albeit very small). This is because our analyses use more recent information on
gas leakage from coal mines and gas production, with greater leakage from the latter. The
effect of methane leakage from gas production in our analyses is, nevertheless, small and
less than implied by Howarth et al.

Our coal-to-gas scenario assumes a linear decrease in coal use from zero in 2010 to 50%
reduction in 2050, continuing at 50% after that. Hayhoe et al. consider linear decreases
from zero in 2000 to 10, 25 and 50% reductions in 2025. If these authors assumed constant
reduction percentages after 2025, then their high scenario is very similar to our scenario.

In our analyses, the temperature differences between the baseline and coal-to-gas
scenarios are small (less than 0.1°C) out to at least 2100. The most important result,
however, in accord with the above authors, is that, unless leakage rates for new
methane can be kept below 2%, substituting gas for coal is not an effective means for
reducing the magnitude of future climate change. This is contrary to claims such as
that by Ridley (2011) who states (p. 5), with regard to the exploitation of shale gas, that
it will “accelerate the decarbonisation of the world economy”. The key point here is that it
is not decarbonisation per se that is the goal, but the attendant reduction of climate
change. Indeed, the shorter-term effects are in the opposite direction. Given the small
climate differences between the baseline and the coal-to-gas scenarios, decisions
regarding further exploitation of gas reserves should be based on resource availability
(both gas and water), the economics of extraction, and environmental impacts unrelated
to climate change.
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Abstract

A transition from the global system of coal-based electricity generation to
low-greenhouse-gas-emission energy technologies is required to mitigate climate change in
the long term. The use of current infrastructure to build this new low-emission system
necessitates additional emissions of greenhouse gases, and the coal-based infrastructure will
continue to emit substantial amounts of greenhouse gases as it is phased out. Furthermore,
ocean thermal inertia delays the climate benefits of emissions reductions. By constructing a
quantitative model of energy system transitions that includes life-cycle emissions and the
central physics of greenhouse warming, we estimate the global warming expected to occur as
a result of build-outs of new energy technologies ranging from 100 GW, to 10 TW, in size
and 1-100 yr in duration. We show that rapid deployment of low-emission energy systems can
do little to diminish the climate impacts in the first half of this century. Conservation, wind,
solar, nuclear power, and possibly carbon capture and storage appear to be able to achieve
substantial climate benefits in the second half of this century; however, natural gas cannot.

Keywords: climate change, bulk electricity supply, central-station greenhouse gas emissions,

electricity, climate
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1. Introduction

Hoffert et al [1] estimated that if economic growth continues
as it has in the past, 10-30 TW of carbon-neutral primary
power must be deployed by 2050 to meet global energy
demand while stabilizing CO, concentrations at 450 ppmv,
and that even more rapid deployment of new technologies
would need to occur in the second half of this century. Pacala
and Socolow [2] have suggested that a broad portfolio of
existing technologies could put us on a trajectory toward
stabilization in the first half of this century. No previous study,
however, has predicted the climate effects of energy system
transitions.

1748-9326/12/014019+08$33.00

Fossil fuels, such as coal and natural gas, emit greenhouse
gases when burned in conventional power plants. Concern
about climate change has motivated the deployment of
lower-GHG-emission (LGE) power plants, including wind,
solar photovoltaics (PV), nuclear, solar thermal, hydroelectric,
carbon capture and storage, natural gas and other energy
technologies with low GHG emissions. Electricity generation
accounts for approximately 39% of anthropogenic carbon
dioxide emissions [3, 4].

Because LGE power plants have lower operating
emissions, cumulative emissions over the lifetime of the
plants are lower than for conventional fossil-fueled plants
of equivalent capacity. LGE power plants typically require
greater upfront emissions to build, however. Consequently,
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rapid deployment of a fleet of LGE power plants could
initially increase cumulative emissions and global mean
surface temperatures over what would occur if the same net
electrical output were generated by conventional coal-fired
plants. Our results show that most of the climate benefit
of a transition to LGE energy systems will appear only
after the transition is complete. This substantial delay has
implications for policy aimed at moderating climate impacts
of the electricity generation sector.

2. Models of LGE energy system build-outs

To make our assumptions clear and explicit, we used simple
mathematical models to investigate the transient effects of
energy system transitions on GHG concentrations, radiative
forcing and global mean temperature changes. We represent
an electric power plant’s life in two phases: construction and
operation. Our model assumes that each plant produces a
constant annual rate of GHG emissions as it is constructed
and a different constant emission rate as it operates. Emission
rates were taken from the literature (see table S1 in the
supplementary online material (SOM) available at stacks.iop.
org/ERL/7/014019/mmedia). IPCC-published formulas for
the atmospheric lifetime of GHGs [5] are used to model
increases in atmospheric GHG concentrations that result from
the construction and operation of each power plant (see SOM
text SE1 for details). Radiative forcing as a function of
time, AF(t), follows directly from GHG concentration using
expressions from the IPCC [5].

We estimated the change in surface temperature, AT by
using a simple energy-balance model. The radiative forcing
AF supplies additional energy into the system. Radiative
losses to space are determined by a climate feedback
parameter, A. We used A = 1.25 W m? K~! [6-8], which
yields an equilibrium warming of 3.18 K resulting from
the radiative forcing that follows a doubling of atmospheric
CO; from 280 to 560 ppmv. The approach to equilibrium
warming is delayed by the thermal inertia of the oceans. We
represented the oceans as a 4 km thick, diffusive slab with
a vertical thermal diffusivity k, = 107* m? s~! [8]. Other
parameter choices are possible, but variations within reason
would not change our qualitative results, and this approach
is supported by recent tests with three-dimensional models
of the global climate response to periodic forcing [9]. Our
simple climate model treats direct thermal heating in the
same way as radiative heating; heat either mixes downward
into the ocean or radiates outward to space. To isolate the
effects of a transition to LGE energy systems, we consider
GHG emissions from only the power plant transition studied.
Initial, steady-state atmospheric GHG concentrations are set
to Pco, = 400 ppmv, Pch, = 1800 ppbv, and Pn,0 =
320 ppbv, at which AF = AT = 0. (Use of other background
concentrations for GHGs would not alter our qualitative
results (SOM text SE1.3 available at stacks.iop.org/ERL/7/
014019/mmedia)).

Although life-cycle estimates of emissions from individ-
ual power plants (SOM table S1 available at stacks.iop.org/
ERL/7/014019/mmedia) vary, they show a consistent pattern

at both the low and high ends of the range, as seen in
figures 1(A) and (B). For renewable plants, peak emissions
occur during plant construction. For fossil-fueled plants, in
contrast, operating emissions dominate; typically <1% of
lifetime plant emissions are attributable to construction. For
nuclear plants, both construction and fueling for ongoing
operation make substantial contributions to lifetime GHG
emissions, although these emissions are far lower than
the emissions from coal-fired power plants. The primary
GHG emission from hydroelectric plants is methane (CHy)
produced by anaerobic decay of organic matter that is
inundated as the reservoir fills [10-12]; the amount emitted
varies with local conditions.

To provide a stable supply of electricity, a new power
plant must be built as each old power plant nears the
end of its useful life. As shown in figures 1(C) and (D),
fossil-fueled plants produce a comparatively smooth increase
in atmospheric GHG concentrations because emissions during
construction are small compared to those from operations. In
contrast, the larger contribution during construction of nuclear
and renewable power plants produces increased emissions
each time a plant of this kind is replaced, yielding a sawtooth
trend in atmospheric GHG concentrations for a constant
output of electricity.

Construction and operation of a new power plant of any
technology modeled here will produce higher atmospheric
CO, concentrations than would have occurred if no new
generating capacity were added. Carbon dioxide poses a
special concern because of its long lifetime in the atmosphere.
With the exception of dams, carbon dioxide emissions
dominate the GHG radiative forcing from power plants.
Radiative forcing due to CH4 and N>O at any point in time
accounts for <1% of the total GHG forcing from wind, solar
and nuclear power plants; <5% for coal-fired plants; and
<10% for natural gas plants. CH4 dominates only in the case
of hydroelectric power, for which it contributes ~95% of the
radiative forcing in the first 20 yr, declining monotonically to
~50% at 70 yr after construction.

We contrasted LGE energy technologies with a high-
GHG-emission (HGE) energy technology, namely conven-
tional coal-based electricity production. We define ‘HGE
warming’ to mean the increase in global mean surface
temperature that would have been produced by the continued
operation of the coal-based HGE energy system. This
warming is additional to any temperature increases occurring
as a result of past or concurrent emissions from outside the
1 TW, energy system considered here.

To illustrate the consequences of rapid deployments of
new energy systems, we considered emissions from a variety
of linear energy system transitions, each of which replaces
1 TW, of coal-based electricity by bringing new LGE power
plants online at a constant rate over a 40 yr period. (1 TW, is
the order of magnitude of the global electrical output currently
generated from coal [10].) Existing coal-fired generators were
assumed to be new at the onset of the transition, to be
replaced with equivalent plants at the end of their lifetime,
and to be retired at the rate of new plant additions in order
to maintain constant annual output of electricity. Lifetimes
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Figure 1. The time evolution of atmospheric CO;(eq) concentrations resulting from the construction and operation of a 1 GW, electric
power plant varies widely depending on the type of plant. (A), (B) Atmospheric CO;(eq) concentrations from single power plants of
different types based on high (A) and low (B) estimates of life-cycle power plant emissions. Renewable technologies have higher emissions
in the construction phase (thin lines prior to year zero); conventional fossil technologies have higher emissions while operating (thick lines);
emitted gases persist in the atmosphere even after cessation of operation (thin lines after year zero). The operating life of plants varies by
plant type. (C), (D) Atmospheric CO,(eq) concentrations from the construction of series of power plants built to maintain 1 GW, output.
For high estimates of life-cycle emissions, periodic replacement of aging plants produces pulses of emissions resulting in substantial,
step-like change in atmospheric concentrations. However, in all cases except hydroelectric, continued electricity production results in

increasing trends of atmospheric CO,(eq) concentrations.

and thermal efficiencies of the coal plants were taken from
the life-cycle analysis (LCA) literature, as were the additional
emissions associated with constructing power plants (SOM
table S1 available at stacks.iop.org/ERL/7/014019/mmedia).
Using GHG emission data from this literature, we calculated
time series for emissions, radiative forcing, and temperature
for build-outs of eight LGE energy technologies, for a range
of rollout durations (SOM text SN3 available at stacks.iop.
org/ERL/7/014019/mmedia) including, as a lower bound, the
unrealistic case in which all plants are built simultaneously
in a single year. Climate consequences of a portfolio of
technologies can be approximated by a linear combination
of our results for each technology taken individually. For
each technology, we examine low and high emission estimates
from the LCA literature, and label these ‘Low’ and ‘High’.
The time evolution of emissions and temperature increases
resulting from an example transition, from coal to natural gas,
is illustrated in SOM table S4 (available at stacks.iop.org/
ERL/7/014019/mmedia).

We investigated transitions from an HGE energy system
to various LGE options for a wide range of transition rates
(figure 4). Building on previous life-cycle analyses (SOM
table S1 available at stacks.iop.org/ERL/7/014019/mmedia),
we estimated the magnitude of most direct and indirect
GHG emissions from the construction and operation of

the power plants, including GHG emissions associated with
long-distance electricity transmission and thermal emissions
attributable to power generation and use (SOM text SN2
available at stacks.iop.org/ERL/7/014019/mmedia). During
this transition, GHG emissions attributed to the fleet include
both those due to construction or operation of the new
technology and those due to coal-fired generators that have
not yet been replaced. Various energy system transitions could
be imagined. Delaying the transition delays long-term climate
benefits of LGE energy. Accelerating the transition decreases
total fleet emissions from burning coal, but increases the rate
of emissions produced by new construction (figure 4(C)).
Qualitatively similar results hold for exponential and logistic
growth trajectories (SOM text SD1 and figures S10-12
available at stacks.iop.org/ERL/7/014019/mmedia).

3. Delayed benefits from energy system transitions

By the time any new power plant begins generating electricity,
it has incurred an ‘emissions debt’ equal to the GHGs released
to the atmosphere during its construction. The size of this
debt varies from one LGE technology to another, as does the
operating time required to reach a break-even point at which
emissions avoided by displacing power from an HGE plant
equal the emissions debt. All transitions from coal to other
energy technologies thus show higher GHG concentrations
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Figure 2. Many decades may pass before a transition from coal-based electricity to alternative generation technologies yields substantial
temperature benefits. Panels above show the temperature increases predicted to occur during a 40 yr transition of 1 TW, of generating
capacity. Warming resulting from continued coal use with no alternative technology sets an upper bound (solid black lines), and the
temperature increase predicted to occur even if coal were replaced by idealized conservation with zero CO, emissions (dashed lines)
represents a lower bound. The colored bands represent the range of warming outcomes spanned by high and low life-cycle estimates for the
energy technologies illustrated: (A) natural gas, (B) coal with carbon capture and storage, (C) hydroelectric, (D) solar thermal, (E) nuclear,

(F) solar photovoltaic and (G) wind.

and temperatures at the outset than would have occurred in the
absence of a transition to a new energy system. We calculated,
for each technology, the number of years following the start
of electricity generation until the transition starts reducing
HGE warming, as well as the times at which the transition
has reduced HGE warming by 25% or 50%.

Our results (figure 2 and SOM tables S3 and S4
available at stacks.iop.org/ERL/7/014019/mmedia) illustrate
the general finding that emerges from our results: energy
system transitions cause reductions in HGE warming only
once they are well underway, and it takes much longer still
for any new system to deliver substantial climate benefits
over a conventional coal-based system. It is instructive
to examine idealized energy conservation, considered here
as a technology that produces electricity with zero GHG
emissions. Conservation is thus equivalent to phasing out
1 TW, of coal power over 40 yr without any replacement
technology. Even in this case, GHGs (particularly CO»)
emitted by coal during the phaseout linger in the atmosphere

for many years; in addition, ocean thermal inertia causes
temperature changes to lag radiative forcing changes.
Consequently, conservation takes 20 yr to achieve a 25%
reduction in HGE warming and 40 yr to achieve a 50%
reduction.

This idealized rollout of conservation that displaces
1 TW, of conventional coal power sets a lower bound to the
temperature reductions attainable by any technology that does
not actively withdraw GHGs from the atmosphere. This lower
bound is approached most closely by wind, solar thermal,
solar PV and nuclear, using the low LCA estimates; these
cases yield temperature increases that exceed the idealized
conservation case by only a fraction of a degree, and the time
to a 50% reduction in HGE warming is delayed by only a
few years. Differences among these same technologies appear,
however, if high LCA estimates are used (figure 3). When
using the complete range of LCA estimates, for example, our
model projects that a 40 yr, linear transition from coal to solar
PV would cause a 1.4-6.9 yr period with greater warming than
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Figure 3. Transitions of 1 TW, of coal-based electricity generation to lower-emitting energy technologies produces modest reductions in
the amount of global warming from GHG emissions; if the transition takes 40 yr to complete, only the lowest-emission technologies can
offset more than half of the coal-induced warming in less than a century. (A) Increases in global mean surface temperature attributable to the
1 TW, energy system 100 yr after the start of a 40 yr transition to the alternative technology. Even if the coal-based system were phased out
without being replaced by new power plants of any kind, GHGs released by the existing coal-fired plants during the phaseout would
continue to add to global warming (rightmost column). Split columns reflect temperature changes calculated using both high and low
emissions estimates from a range of life-cycle analyses, as described in the text and SOM text SN2 (available at stacks.iop.org/ERL/7/
014019/mmedia). (B) Time required from the start of power generation by an alternative technology to achieve break-even, warming equal
to what would have occurred without the transition from coal (lightest shading); a 25% reduction in warming (medium shading); and a
reduction by half (darkest shading) as a result of the transition. The bars span the range between results derived using the lowest and highest
LCA estimates of emissions. For numeric values, see SOM table S3 (available at stacks.iop.org/ERL/7/014019/mmedia).

had the transition not been undertaken, and that the transition
would take 23-29 yr to produce a 25% reduction in HGE
warming and 43-53 yr to avoid half of the HGE warming.

Natural gas plants emit about half the GHGs emitted by
coal plants of the same capacity, yet a transition to natural
gas would require a century or longer to attain even a 25%
reduction in HGE warming (SOM table S3 available at stacks.
iop.org/ERL/7/014019/mmedia). Natural gas substitution thus
may not be as beneficial in the near or medium term
as extrapolation from ‘raw’ annual GHG emissions might
suggest.

Carbon capture and storage (CCS) also slows HGE
warming only very gradually. Although CCS systems are
estimated to have raw GHG emissions of ~17%—~27%

that of unmodified coal plants, replacement of a fleet of
conventional coal plants by coal-fired CCS plants reduces
HGE warming by 25% only after 26110 yr. This transition
delivers a 50% reduction in 52 years under optimistic
assumptions and several centuries or more under pessimistic
assumptions.

More generally, any electricity-generating technology
that reduces GHG emissions versus coal plants by only a
factor of two to five appears to require century-long times
to accrue substantial temperature reductions. Comparison of
1 TW¢, 40 yr transitions from coal to a wide range of
LGE energy technologies reveals little difference in warming
produced by the various technologies until the transition is
complete (figures 2(A)—(G)). Although it takes many decades
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Figure 4. Analysis of a wide range of energy transition rates, scales, and technologies finds that replacement of coal-fired power plants
requires many years to deliver climate benefits. For a given alternative energy technology and transition scale, the range of simulation
results can be summarized by a contour plot; those above show results for 1 TWk, linear transitions to (A) natural gas, (B) coal with CCS,
(C) solar PV and (D) conservation; high emission estimates from LCA studies were used in each case. For plots of other technologies,
transition scales, and build-out trajectories, see SOM figures S10 and S11 (available at stacks.iop.org/ERL/7/014019/mmedia). In these
plots, the vertical axis represents the duration of the build-out; results span build-out durations from 1 to 100 yr, which corresponds to
annual additions of output ranging from 10 to 1000 GW.. Contour lines plot the ratio AT ey /ATcoal, Where AT, is the increase in global
mean surface temperature projected to result from the transition to the lower-emission technology. Contour lines thus represent the time to
achieve reductions in warming ranging from 10% (a ratio of 0.9) to 90% (a ratio of 0.1). Whereas the progress of the build-out (horizontal
axis) is measured from the start of power generation in figure 3, here time is measured from the start of construction, which we assume lasts
five years before each new plant begins generating. (For ease of comparison, conservation is treated similarly.) Dashed magenta lines
indicate the completion of construction of the last plant in the build-outs. The instantaneous break-even point at which ATew = ATcoq 1S
indicated by thick black curves. A better metric of the break-even time, however, is where the time-averaged integral of AT, equals that of
ATcoa (f1BE, green curves). A 40 yr deployment of 1 TW, of solar PV, for example, would not reach #ppg until year 15 of the build-out

(asterisked point).

to achieve substantial benefits from a phaseout of coal-based
power plants, instantaneously turning coal plants off without
replacing the generating capacity would yield a 50% reduction
in HGE warming in 11 yr, as shown in figure 4(D), which
plots the reduction in temperature increases to be expected in
any given year from elimination of 1 TW, of coal capacity by
build-outs ranging in duration from 1 to 100 yr.

We selected coal-fired plants as the basis for comparison
because this energy technology emits the most GHGs per
unit electricity generated; replacing plants of this kind thus
delivers the greatest climate benefits. If the new technology
were instead to replace natural gas plants, then even less
CO, emission would be avoided, and the times to achieve
reductions in warming relative to a natural gas baseline would
be even longer than projected here.

4. Effects of scale, duration, technological
improvement and bootstrapping

Although we focus here on 40 yr, linear transitions of a
1 TW, energy system, we examined a far broader range of
cases; none of these cases altered our central conclusions.
Figure 4, for example, illustrates the HGE warming caused
by transitions to several LGE energy technologies that range
in duration from 1 to 100 yr. We have simulated transitions
ranging from 0.1 to 10 TW,. In addition to the linear transition
presented here, we examined exponential and logistic
transitions (SOM texts SD1-SD3 and figures S8, S11-S14
available at stacks.iop.org/ERL/7/014019/mmedia). We also
analyzed plausible effects of technological improvement by
reducing the emission per unit energy generation over time by
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various exponential rates, an approach that effectively forces
each technology under study to approach the zero emission
case of conservation asymptotically (SOM text SD3 and figure
S14 available at stacks.iop.org/ERL/7/014019/mmedia). The
analysis reveals that the long timescale required for energy
system transitions to reduce temperatures substantially is
not sensitive to technological improvement. High rates of
technological improvement could alter, however, the relative
rank of energy technologies in their abilities to mitigate future
warming.

Finally, we examined ‘bootstrapping’ transitions. The
exponential, linear and logistic models all assume that
generated electricity is used to displace coal and thus lower
emissions. A very different strategy is to use a low-GHG-
emitting technology to bootstrap itself. This strategy is
particularly interesting for wind and solar PV because each
of them require substantial amounts of electricity in the
manufacturing of key components.

A bootstrapping transition uses electricity from the first
plant built to manufacture more plants of the same kind,
which in turn provide energy to build new plants, and so
on exponentially (SOM text SD2 and figure S13 available
at stacks.iop.org/ERL/7/014019/mmedia). In this approach,
however, no electricity is turned over to the grid—and thus no
coal is replaced—until the build-out goal has been installed
and brought online, at which point the coal is displaced
all at once. The effect of bootstrapping is thus equivalent
to distributing the electrons from PV systems and using
coal-generated electrons to construct the PV arrays.

Emissions estimates from the LCA studies we use in our
principal analysis, in contrast, assume carbon intensities lower
than that of coal-based electricity and thus lower emissions
than would occur with either bootstrapping or coal as the
source of energy for new plant construction. For both wind
and solar, bootstrapping produces higher temperatures during
the first 70-100 yr than would occur if the plants were
constructed using power from the existing grid. For transitions
lasting longer than 100 yr, bootstrapping does yield lower
GHG emissions for plant construction and, eventually, lower
temperatures than grid-connected build-outs. On this extended
time scale, however, emissions for grid-connected models are
likely to fall substantially as well, due to changes in the mix
of electricity generation.

Figure 3(A) shows that, for fossil fuel plants, emissions
from plant operation are the predominant source of life-cycle
emissions, and they are responsible for the majority of the
global temperature increase produced. Conservation yields the
largest temperature reductions. In transitions to wind, solar,
and nuclear technologies, temperature increases caused by
emissions during plant construction exceed those due to plant
operation; the resulting temperature increases are dwarfed,
however, by those caused by emissions from coal plants as
they are being phased out.

Temperature increases due to transmission and waste heat
are small but can amount to a substantial fraction of the
total temperature increase associated with the lowest emission
technologies.

5. Sources of uncertainty

Our central result is that transitions from coal to energy
technologies having lower carbon emissions will not
substantially influence global climate until more than half
a century passes, and that even large transitions are likely
to produce modest reductions in future temperatures. These
fundamental qualitative conclusions are robust, but our
quantitative calculations incorporate important sources of
uncertainty in representations of both the energy system and
the physical climate system.

We characterize uncertainty in energy system properties
by presenting both high and low estimates from life-
cycle analyses (e.g., figures 1-3). Our model of the
physical climate system is affected by uncertainties both
in the relationship between greenhouse gas emissions and
atmospheric concentrations and in the relationship between
atmospheric concentrations and the resulting climate change.
The IPCC [5] states that equilibrium climate sensitivity to a
doubling of atmospheric CO, content ‘is likely to lie between
2 and 4.5°C with a most likely value of approximately
3°C. Our model yields a climate sensitivity of 3.18 °C per
CO;-doubling. Physical climate system uncertainties could
thus potentially halve or double our quantitative results. The
impact of most of these uncertainties would apply equally
to all technologies, however, so relative amounts of warming
resulting from different technology choices are likely to be
insensitive to uncertainties about the climate system.

6. Conclusions

Here, we have examined energy system transitions on the
scale of the existing electricity sector, which generates
~1 TW, primarily from approximately 3 TW thermal
energy from fossil fuels [3]. It has been estimated, however,
that 10-30 TW of carbon-neutral thermal energy must be
provisioned by mid-century to meet global demand on a
trajectory that stabilizes the climate with continued economic
growth [1].

It appears that there is no quick fix; energy system
transitions are intrinsically slow [13]. During a transition,
energy is used both to create new infrastructure and to satisfy
other energy demands, resulting in additional emissions.
These emissions have a long legacy due to the long lifetime
of CO, in the atmosphere and the thermal inertia of the
oceans. Despite the lengthy time lags involved, delaying
rollouts of low-carbon-emission energy technologies risks
even greater environmental harm in the second half of
this century and beyond. This underscores the urgency
in developing realistic plans for the rapid deployment of
the lowest-GHG-emission electricity generation technologies.
Technologies that offer only modest reductions in emissions,
such as natural gas and—if the highest estimates from the
life-cycle analyses (SOM table S1 available at stacks.iop.org/
ERL/7/014019/mmedia) are correct—carbon capture storage,
cannot yield substantial temperature reductions this century.
Achieving substantial reductions in temperatures relative to
the coal-based system will take the better part of a century,
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and will depend on rapid and massive deployment of some
mix of conservation, wind, solar, and nuclear, and possibly
carbon capture and storage.
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SUMMARY OF FILING INFORMATION

SECTION
INFORMATION REFERENCE

Minimum Filing Requirements
M 1. Provide a detailed description and location map of the project facilities

(8380.12(c)(1))

e Include all pipeline and aboveground facilities. Section 1.1

e Include support areas for construction or operation. Section 1.3

e |dentify facilities to be abandoned. Section 1.8

M 2. Describe any non-jurisdictional facilities that would be built in association
with the project (8§ 380.12(c)(2))

e Include auxiliary facilities (See § 2.55(a)).

e Describe the relationship to the jurisdictional facilities.

e Include ownership, land requirements, gas consumption, megawatt Section 1.12
size, construction status, and an update of the latest status of federal,
state, and local permits/approvals.

e Include the length and diameter of any interconnecting pipeline.

e Apply the four-factor test to each facility. (see § 380.12(c)(2)(ii))

M 3. Provide current, original United States Geological Survey (USGS) 7.5-
minute series topographic maps with mileposts showing the project
facilities (8 380.12(c)(3))

e Maps of equivalent details are acceptable if legible (check with staff). Appendix 1.A

e Show locations of all linear project elements, and label them.

e Show locations of all significant aboveground facilities, and label
them.

M 4. Provide aerial images or photographs or alignment sheets based on these
sources with mileposts showing the project facilities. (§ 380.12(c)(3))

e No more than 1-year old
e Scale no smaller than 1:6,000

Appendix 1.B
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SUMMARY OF FILING INFORMATION

INFORMATION

SECTION
REFERENCE

Minimum Filing Requirements

M 5. Provide plot/site plans of compressor stations showing the location of the There are no
nearest noise-sensitive areas (NSA) within 1 mile. (8 380.12(c)(3,4)) compressor
e Scale no smaller than 1:3,600 stations included
e Show reference to topographic maps and aerial alignments provided as part of the
above. proposed
Magnolia LNG
Project; however,
one will be
required as part of
the transportation
of feed gas to the
Project as
explained in
Section 1.13.
M 6. Describe construction and restoration methods. (§ 380.12(c)(6)) Section 1.5
M 7. Identify the permits required for construction across surface waters.
(8 380.12(c)(9))
e Include the st-atus- of all permits. . Section 1.10
e For construction in the federal offshore area be sure to include A dix 1.E
- . ppendix 1.
consultation with BOEM.
e File with the BOEM for rights-of-way grants at the same time or
before you file with the FERC.
M 8. Provide the names and addresses of all affected landowners as required
and certify that all affected landowners would be notified. Appendix 1.F
e Affected landowners are defined in § 157.6(d)(2). [Privileged]
e Provide an electronic copy directly to the environmental staff.
Additional Information Often Missing and Resulting in Data Requests
M Describe all authorizations required to complete the proposed action and the Section 1.10
status of applications for such authorizations. Appendix 1.E
M Provide plot/site plans of all other aboveground facilities that are not Section 1.3,
completely within the right-of-way Figures 1.3-1
through 1.3-3
[] Provide detailed typical construction right-of-way cross-section diagrams
showing information such as widths and relative locations of existing rights- .
. L Not applicable
of-way, new permanent rights-of-way, and temporary construction rights-of-
way. See Resource Report 8 — Land Use, Recreation, and Aesthetics.
M Summarize the total acreage of land affected by construction and operation of

the project.

Section 1.3
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SUMMARY OF FILING INFORMATION

SECTION
INFORMATION REFERENCE
Minimum Filing Requirements

M If Resource Report 5 - Socioeconomics is not provided, provide the start and

RR 5 is included
end dates of construction, the number of pipeline spreads that would be used, in this filing; also
and the workforce per spread. see

Section 1.5 and
Appendix 1.D

M Send two (2) additional copies of topographic maps and aerial

images/photographs directly to the environmental staff of the Office of Energy Incll;i%(:n\;\gg; this
Projects
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ACRONYMS AND ABBREVIATIONS

9% Ni 9-percent nickel

°C degrees Celsius

°F degrees Fahrenheit

AEO Annual Energy Outlook

ANR ANR Pipeline Company

API American Petroleum Institute

ASME American Society of Mechanical Engineers
Bcf billion cubic feet

BMP best management practice

BOG boil-off gas

Bscf/d billion standard cubic feet per day

BTEX benzene, toluene, ethylbenzene and xylenes
Btu/ft*-hr British thermal units per square foot per hour
CCTV closed circuit television

CEll Critical Energy Infrastructure Information
CFR Code of Federal Regulations

CGT Columbia Gulf Transmission

CHP combined heat and power

CIK core in kettle

CO, carbon dioxide

DIl Dynamic Industries, Inc.

DOE (United States) Department of Energy
Dth/d dekatherms per day

ECA Emissions Control Area

EIA Energy Information Administration

EPC engineering, procurement, and construction
ERC emergency release coupler

ESD emergency shutdown

KMLP’s Eunice C/S Kinder Morgan Louisiana Pipeline’s new compressor station to be

located near Eunice, Louisiana
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high voltage
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Kinder Morgan Louisiana Pipeline

kilovolt(s)

Louisiana

Louisiana Administrative Code

Louisiana Coastal Zone

Louisiana Department of Environmental Quality
Louisiana Department of Natural Resources
Louisiana Department of Wildlife and Fisheries
Louisiana Economic Development

Limited Liability Corporation

liquefied natural gas

low pressure

Louisiana Pollutant Discharge Elimination System
cubic meters

cubic meters per hour

Magnolia LNG, LLC

International Maritime Organization (IMO) Convention for the
Prevention of Pollution from Ships, 1973, as modified by the
Protocol of 1978

mean low gulf
mixed refrigerant
Marine Safety Unit
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1 GENERAL PROJECT DESCRIPTION

Magnolia LNG, LLC (Magnolia) has prepared this Resource Report (RR) 1 in
compliance with the requirements of the Federal Energy Regulatory Commission (FERC or the
Commission) regulations for authorization under Section 3(a) of the Natural Gas Act (NGA) to
site, construct and operate facilities necessary to liquefy natural gas at a proposed site in Lake
Charles, Louisiana. On March 12, 2013, Magnolia requested approval to participate in the FERC
Pre-Filing Process to assist in the identification and proper assessment of issues and to provide
input into the development of the environmental resource reports. The FERC granted this
request on March 20, 2013, and assigned Pre-Filing (PF) Docket Number PF13-9-000.

This RR 1 provides a description of the proposed Magnolia LNG Project (referred to
herein as the Project) and its purpose and need, both from a regional and a national perspective,
as well as a specific description of the Project facilities and certain non-jurisdictional facilities.
The proposed construction schedule, land requirements, operation, maintenance, and safety
procedures for the Project are also addressed in this RR.

Additionally, this RR 1 provides a discussion about cumulative impacts. Cumulative
impacts are the collective result of the incremental impacts of an action that, when added to the
impacts of other past, present, and reasonably foreseeable future actions, would affect the same
resources, regardless of what agency or person undertakes those actions (40 Code of Federal
Regulations [CFR] 1508.7). These include (but are not limited to) actions under analysis by a
regulatory agency, proposals being considered by state or local planners, plans that have begun
implementation, or future actions that have been funded.

Lastly, RR 1 provides an update of the applicable regulatory approvals and coordination
with the respective federal, state, and local agencies.

1.1  PROPOSED FACILITIES

Magnolia is proposing to develop a liquefied natural gas (LNG) facility capable of
producing a nominal capacity of approximately 8.0 million (metric) tonnes per annum (mtpa) of
LNG using its highly efficient and patented Optimized Single Mixed Refrigerant (OSMR®)
technology. The Project would receive natural gas via a tie-in to an existing interstate pipeline
that traverses the proposed Project site. The natural gas would be treated, liquefied, and stored
on-site in two full containment LNG storage tanks with a net pumpable capacity of
approximately 160,000 cubic meters (m®) of LNG each. At full plant capacity, the Project would
consist of four LNG trains each with a nominal capacity of 2.0 mtpa of LNG (total nominal
capacity of approximately 8.0 mtpa). The LNG would be loaded onto LNG carriers for export
overseas; LNG carriers and barges for domestic marine distribution and the possibility of LNG
bunkering; and LNG trucks for road distribution to LNG refueling stations in Louisiana and the
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surrounding states. The Project site is well-positioned to provide access for loading of LNG
carriers and also for potential LNG barges and LNG trucks.!

The Project would be located on the south shore of the Industrial Canal on the Port of
Lake Charles Tract 475, an approximately 115-acre parcel of land in Calcasieu Parish, south of
Lake Charles, Louisiana. The Industrial Canal is located off the main Calcasieu River Ship
Channel. The Project would be located in an area zoned for heavy industrial use and would be
consistent with other industrial facilities along the shoreline. The coordinates of the proposed
Project site are as follows: Latitude: 30° 06’ 20.30" N; Longitude: 93° 17'54.00" W. Figure
1.1-1is a general location map of the Project (also see Appendices 1.A and 1.B).

'
? o

" Magnolia LNG Project Site

Gulf of Mexico

! LNG highway transportation refueling stations generally receive their LNG supply from a liquefaction plant via
LNG trucks specially designed to distribute cryogenic fuels. At the refueling site, LNG is offloaded into the
facility’s storage system. To support long-haul, heavy-duty trucks moving goods throughout the United States,
LNG truck fueling stations along major interstate corridors are required.
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Figure 1.1-1 General Location Map of the Magnolia LNG Project

On March 6, 2013, Magnolia signed an exclusive and binding four-year Real Estate
Lease Option Agreement with the Lake Charles Harbor & Terminal District (Port District) for
approximately 107.59 acres of the approximately 115-acre Project site (see Port District Option
Agreement, in Appendix 1.C.1). The Port District Option Agreement includes a clause for a 30-
year-term ground lease option with the right to extend the lease term for four periods of 10 years
each for a total of 70 years. Subject to compliance with the terms of the Port District Option
Agreement, Magnolia may exercise the option and enter into the ground lease with the Port
District at any time.

On September 26, 2013, Magnolia signed an exclusive and binding four-year Real Estate
Lease Option Agreement with BG LNG Services, LLC, for approximately 5.74 acres of the
approximately 115-acre Project site (see Appendix 1.C.2). On October 21, 2013, Magnolia
signed the First Amendment to the Port District Option Agreement (see Appendix 1.C.3) for an
additional area of approximately 1.99 acres. These two agreements are on similar terms and
conditions as the initial Port District Option Agreement.

Through the combination of the Port District Option Agreement, the BG LNG Option
Agreement, and the First Amendment to the Port District Option Agreement, Magnolia will have
control of the entire area comprising the approximately 115-acre Project site for at least the
minimum expected operational life of the Project, which is 30 years, with the right to extend the
lease term. Figure 1.1-2 shows the boundary of the total leased area.
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Figure 1.1-2 Project Site Boundary Map

Figure 1.1-3 is a more detailed map of the proposed Magnolia LNG Project site and the
waterway system along the Calcasieu River Ship Channel, in the vicinity of Choupique Island,
and the Intracoastal Waterway area to the Devil’s Elbow section of the Calcasieu River. The
figure also shows the locations of Trunkline LNG, Cameron LNG, and the proposed
G2X Energy plant relative to the Project site. Additionally, the Calcasieu Point Landing public
boat ramp and facilities (see inset on Figure 1.1-3) are located west of the Project site at the end
of Henry Pugh Boulevard (3955 Henry Pugh Boulevard, Lake Charles, Louisiana). Park
amenities include: (1) a three-lane public boat ramp that allows access to the Industrial Canal and
Gulf Intracoastal Waterway, (2) a fishing pier on the Industrial Canal, (3) a full-service store
within the park offering snacks and beverages, and (4) public restrooms.

The proposed Louisiana Marine Fisheries Enhancement, Research, and Science Center is
planned immediately southeast of the Project site (see Figure 1.1-4). The main function of this
center will be for the research and enhancement of marine fisheries and for the long-term
monitoring of the fishery resource. This facility will include a laboratory, a library, a visitor
complex to provide education on fisheries and restoration programs, and a recreational fishing
pond. A meeting complex/dormitory for staff and visiting researchers also is planned. The
hatchery facility will be focused on the production of spotted seatrout, red drum, and southern
flounder. There will be three 0.5-acre ponds for propagation and research, a water reservoir with
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pipeline and water intake station, and an effluent pump station? (see Figure 1.1-4). Refer to
Section 1.9, “Cumulative Impacts,” for an illustration of other existing and proposed facilities in

the Project vicinity.

2 Email from Duet, J., Biologist Director, Louisiana Department of Wildlife and Fisheries, Fisheries Extension, to
W. Daughdrill, Ecology and Environment, Inc. (July 24, 2013).
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For the purposes of this RR 1, the FERC jurisdictional facilities for the Magnolia LNG
Project site can be broken down into the following Project facilities:

Gas Gate Station and Interconnect Pipeline

LNG Trains

LNG Storage

LNG Vessel Loading

LNG Truck Loading

Flare Stacks

Demineralized Water Treatment Plant

Facility Drainage and Containment

Control, Administration, and Workshop Buildings
Power, Water, and Communications (Note that power and water also include off-site
non-jurisdictional facilities leading to the Project site.)

RR 13, “Engineering and Design Material,” contains additional information on each
Project component.

1.1.1 Gas Gate Station and Kinder Morgan Louisiana Pipeline Interconnect Pipeline

Feed gas would be transported to the site boundary via an existing 42-inch interstate gas
pipeline owned and operated by Kinder Morgan Louisiana Pipeline (KMLP) that passes beneath
the Project site near the southern boundary. The KMLP pipeline would be accessed within the
Project site boundary. A short interconnect pipeline of approximately 75 feet to be located
entirely within the Project site would tie-in the existing underground pipeline to the Gas Gate
Station. The Gas Gate Station would include an incoming interconnect pipeline, a
filter/separator, custody transfer meter(s), a pressure regulator, an emergency shutdown (ESD)
valve, and a gas analyzer. The short interconnect pipeline, the Gas Gate Station, the
modification of certain existing KMLP delivery meter facilities to make them bidirectional, and
the installation of new compression facilities near Eunice, Louisiana, will be built, owned, and
operated by KMLP and, as such, will require a separate filing by KMLP with the FERC under
Section 7(c) of the NGA as explained in Section 1.13, “Transportation of Feed Gas to the
Magnolia LNG Project.” A binding precedent agreement related to these facilities and up to 1.4
billion standard cubic feet per day (Bscf/d) of firm transportation on KMLP’s pipeline was
executed on January 28, 2014, between KMLP and Magnolia.

1.1.2 LNG Trains

At full plant capacity, the Project would consist of four LNG trains each with a nominal
capacity of 2.0 mtpa of LNG (totaling approximately 8.0 mtpa nominal capacity). At full plant
capacity, approximately 1.4 Bscf/d of natural gas would be contracted for transportation to the
Project site via the interstate pipeline to support Project operations. Each LNG train has a
guaranteed capacity of 1.7 mtpa of LNG and a nominal capacity of 2.0 mtpa of LNG. The core
of each LNG train would be a single mixed refrigerant (SMR) process. This simple SMR
process is then optimized by the use of three proven technologies: aero-derivative gas turbines,

11
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combined heat and power (CHP) technology, and ammonia auxiliary refrigeration. The
integration of these proven technologies to enhance the SMR process resulted in the patented
OSMR® process technology.

Each OSMR® LNG train would include the following essential facilities: an amine gas-
sweetening unit (carbon dioxide [CO,] and hydrogen sulfide removal), a dehydration and
mercury removal system, a heavy hydrocarbon removal system, a fuel gas system, two mixed
refrigerant (MR) circuits (each circuit comprised of an aero-derivative gas turbine, MR
compressor, cold box, MR coolers, and suction scrubber), a CHP plant (comprised of a once-
through-steam-generator [OTSG] located on the gas turbine exhaust, an auxiliary boiler, steam
turbines, air-cooled condensers, and demineralized water treatment plant), an ammonia
refrigeration plant, and plant utilities. These technologies are discussed in greater detail in
Section 1.4, “Process Description.”

Each of the LNG trains’ essential facilities would include the following components:

e Gas Sweetening Unit (CO, and hydrogen sulfide removal)
amine contactor column
amine reboiler and regenerator
amine charge pump, amine reflux pump, and booster pump
amine reflux condenser and reflux accumulator
amine economizer and lean/rich amine exchanger
wet gas cooler
thermal oxidizer (for BTEX removal)

e Dehydration Unit (water [H,O] removal):
molecular sieve vessels (three per LNG train)
regeneration gas cooler
regeneration gas scrubber
regeneration gas heater

e Dust Filter
e Mercury Guard Bed

e Fuel Gas System:
high pressure (HP) fuel gas knock-out drum
low pressure (LP) fuel gas knock-out drum
HP fuel gas heater
LP fuel gas heater

e Two MR Circuits. Each MR circuit would contain:
cold box (brazed aluminum heat exchanger)
MR pre-cooler (core in kettle [CIK] exchanger)
MR compressor

12
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gas turbine

inlet air chiller

MR suction scrubber

MR cooler

heavy hydrocarbon removal system

o Ammonla Refrigeration Plant:
steam turbine-driven ammonia compressors (two per LNG train)
ammonia suction scrubber (two per LNG train)
ammonia condensers
ammonia liquid receiver
HP ammonia receiver

. CHP Plant:
OTSG connected to each gas turbine exhaust
two condensing steam turbines, each driving an ammonia compressor
steam desuperheater (two per LNG train)
air-cooled condensers (two per LNG train)
deareator
condensate drums and condensate pumps for the ammonia compressor drives
boiler feed water pumps (two per LNG train)
auxiliary boiler

. Plant Utilities:
instrument air package
instrument air receiver
nitrogen (N;) package
N, receiver
fresh water tank and pumps
demineralized water treatment plant
demineralized water storage tank
demineralized water pumps
treated water storage tanks
treated water pumps
chemical injection system
analyzers

e Fire and Gas Detection and Protection System (see Section 1.7, “Safety”)

For information regarding atmospheric emissions of hydrogen sulfide and CO, from the
amine gas-sweetening unit and heavy hydrocarbons from the heavy hydrocarbon removal
system, please refer to RR 9, “Air Quality and Noise,” Section 9.2.6.1 “Emission Estimates.”
Permitting of atmospheric emissions is delegated to the Louisiana Department of Environmental
Quality (LDEQ) through the federal Title V operating permit program.

13
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Regarding the volumes of mercury generated from the mercury removal unit, it is
anticipated that, on average, less than 2 kilograms per train would be generated every 15 years.
The mercury generated would be removed from the Magnolia LNG facility by a third-party
licensed contractor and disposed off-site at a licensed hazardous waste facility. To remove the
mercury, non-regenerative mercury guard beds would be used (please refer to RR 13,
“Engineering and Design Material,” Section 13.1.6.1). Approximately 26,000 pounds of
adsorbent material per train would be used and replenished every 15 years. A specialized third-
party contractor approved by the adsorbent vendor would be used for loading and unloading
services. Mercury to be generated by Magnolia LNG would meet the United States
Environmental Protection Agency (USEPA) waste Code U151, CAS 7439-97-6 specifications,
and the Magnolia LNG facility would be a conditionally exempt small quantity generator as
defined in the Louisiana Administrative Code, Title 33 Part V (LAC 33:V), Chapter 1 (8108.
Special Requirements for Hazardous Waste Generated by Conditionally Exempt Small Quantity
Generators, page 19).

1.1.3 LNG Storage

Two full containment LNG storage tanks each with a net pumpable capacity of
approximately 160,000 m* would store the LNG product from LNG trains 1 through 4. The
LNG storage tanks would be full-containment type, consisting of double-wall construction, with
an inner wall being of low-temperature 9-percent nickel (9% Ni) steel and the outer wall of
reinforced post-tensioned concrete. The LNG storage tanks would be designed to meet the
requirements of National Fire Protection Association (NFPA) Standard 59A, regulations of the
United States Department of Transportation (USDOT) Pipeline and Hazardous Materials Safety
Administration (PHMSA) at 49 CFR Part 193, and other applicable standards.

Each LNG storage tank would have the following features:

e inner wall (primary containment): 9% Ni steel

e outer wall (secondary containment): Reinforced post-tensioned concrete with a steel
liner

¢ reinforced concrete domed roof, supporting insulated deck, LNG pumps and tank top
LNG and vapor pipework

e an insulated aluminum deck over the inner containment suspended from the outer
containment roof

e submerged motor pumps located in vertical pump caissons and supported by a
structure attached to the roof and walls

e Dbase heating system

pressure, level and temperature instrumentation, including monitoring of tank cool-

down

pressure and vacuum relief systems

nozzles and internal pipework including two-phase inlet, top cool-down spray

all nozzle penetrations through the roof

N, purge and gas detection system for wall and floor insulation space

roof platforms, walkways, and pipe supports

14
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e external stairways, ladder, and pipe supports

The LNG storage tanks are designed and would be constructed so that the self-supporting
9 percent Ni steel primary containment and the concrete secondary containment would be
capable of independently containing the LNG. The 9 percent Ni steel primary containment
would contain the LNG under normal operating conditions. The concrete secondary containment
is designed to be capable of containing 110 percent of the capacity of the inner tank.
Furthermore, an earthen berm would be constructed around both of the LNG storage tanks and
would have a minimum containment capacity equal to the gross volume of one LNG tank, which
is 167,600 m®. A proposed site plan showing the location of the proposed LNG storage tanks in
relation to other Project facilities is shown on Figure 1.1-5.

1.1.4 LNG Vessel Loading

To accommodate LNG vessels and to minimize interference with existing canal traffic,
the LNG vessel loading facility is planned to be recessed into the northern boundary of the site
(see Figure 1.1-6). The following components are included as part of the LNG vessel loading
facility.

. A single LNG vessel loading facility complete with:
LNG cryogenic loading line of nominal 30-inch size (outside diameter of 32
inches; pipe schedule 10S, with a wall thickness of 0.31 inches) from the LNG
storage tank
three 16-inch LNG loading arms
one 16-inch vapor return arm
one 8-inch loading arm with piggy back 6-inch vapor return line for LNG barges
electro-hydraulic control system

. Each arm is equipped with:
a hydraulic quick connect/disconnect coupler
a hydraulic double ball valve emergency release coupler
swivel joints with N, purge;
mechanical locking device for arm stowing
N2 purge and drain connections
Breasting dolphins and mooring dolphins
Standby tug and security/support vessels mooring area

15
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The berth size, location, and orientation is designed to optimize a number of criteria,
primarily to ensure safe navigable approach and departure conditions, a safe mooring
environment, proximity to the channel, and safe distance from the influence of passing vessels.
Other influences include water depth and optimization of the cryogenic piping arrangement. To
achieve the maximum 10,000 cubic meters per hour (m%hr) loading rate for LNG vessels, the
main cryogenic LNG line from the LNG storage tanks to the loading platform would be
nominally sized at 30 inches. The LNG loading platform would support three 16-inch LNG
loading arms, and one 16-inch vapor return arm for loading the LNG carriers, and one 8-inch
LNG loading arm with a piggyback mounted 6-inch vapor return arm for loading LNG barges.

The total volume of material to be excavated and dredged (from a 16.20-acre proposed
LNG basin area) to construct the recessed berthing area and waterway access is approximately
993,750 cubic yards. The final calculated dredging volume and the dredging plan will be
developed in accordance with the relevant guidelines and in coordination with the Port of Lake
Charles and in compliance with the requirements of the United States Army Corps of Engineers
(USACE).

According to the Lake Charles Pilots Association,* approximately 1,000 vessels call on
the Port of Lake Charles annually (as of 2012), equating to 1,000 inbound transits, 1,000
outbound transits, and numerous intra-port vessel shifts. The Project is being designed with new
berthing and mooring configurations to accommodate LNG carriers and LNG barges. Current
layout for the Project provides an additional breasting dolphin to cover the smaller capacity LNG
vessels and barges; this breasting dolphin would be located in front of the LNG loading platform
to ensure contact on the flat panel of the smaller vessels when spotted across from the dedicated
combination LNG liquid arm and vapor line. Magnolia intends to use a dedicated all-metal
articulated LNG liquid arm with a vapor return line mounted piggyback on the liquid arm for this
service. Both the LNG arm and vapor line would be equipped with a double-ball valve-powered
emergency release system to provide near dry break disconnection of the arm and vapor line
from the LNG barge in the event of over travel or another emergency. Other operating and
control equipment would be the same as that installed on the 16-inch-diameter LNG arms for the
larger capacity LNG carriers. Please refer to RR 13, “Engineering and Design Materials,” for
detailed marine design drawings and information. The marine facilities basis of design is
contained in RR13 in Appendix C.5 and the marine design drawings are contained in Appendix
K (Critical Energy Infrastructure Information [CEII]) of that resource report.

® In person communication, Captain Brett Palmer, Vice President, Lake Charles Pilots (Jan. 23, 2013).
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Initially, the Project is expected to utilize LNG carrier capacities of up to 180,000 m?;
however, berthing and mooring configurations would be able to accommodate LNG carriers with
capacities between 125,000 and 218,000 m*® (LNG-Flex), as well as the LNG barges with
capacities of approximately 15,000 m®. It is currently projected that, on average, one to two
LNG carriers per week and an additional one to two LNG barges per week would make port calls
at the Project terminal when operating at full plant capacity. Current projections of port call
frequency are based on the maximum nominal LNG output of 8 mtpa and typical carrier and
barge sizes. The actual number of port calls per week will be determined by contracts that are
subsequently executed and the capacity of the specific LNG carriers and LNG barges used.

The maximum number of LNG carrier and LNG barge transits per year will be
determined by the United States Coast Guard (USCG) as part of the Waterway Suitability
Assessment (WSA) process. At this time, Magnolia projects that LNG barge port calls would
not begin until after Train 2 is commissioned. This projected number of port calls is based on
potential LNG output alone at full plant capacity and does not reflect specific knowledge of
anticipated customer requirements.

1.1.5 LNG Vessel Routes

LNG carriers calling at the Magnolia LNG terminal would transit into the Gulf of Mexico
via the Straits of Florida (between the Florida Keys and Cuba) or the Yucatan Channel (between
the western end of Cuba and Mexico). Figure 1.1-7 depicts potential routes of LNG carriers
transiting to or from the Magnolia LNG terminal from the U.S. Outer Continental Shelf (OCS).
These vessels would likely transit the OCS as shown on Figure 1.1-7 en route to the southern
terminus of the Sabine Pass Safety Fairway (see 33 CFR 166.200(d)(12)). Safety fairways are
designated by the USCG to control the erection of structures to provide safe approaches through
oil fields in the Gulf of Mexico to entrances to the major ports along the Gulf Coast. Within
these safety fairways, no artificial islands or fixed structures (such as oil or natural gas platforms
or wells) are permitted to be erected, minimizing the risk of accidents and pollution from ship
collision or platform allision.

After transiting north-northwest within the Sabine Pass Safety Fairway, inbound LNG
carriers would enter the southern entrance to the Calcasieu Pass Safety Fairway (see 33 CFR
166.200(d)(15)). Inbound LNG carriers would continue north within the limits of the Calcasieu
Pass Safety Fairway to the entrance of the Calcasieu Ship Channel located approximately 26
nautical miles offshore from Calcasieu Pass in the Gulf of Mexico. Magnolia’s tolling parties
and shipping off-takers would likely utilize these designated safety fairways both inbound and
outbound from the Magnolia LNG terminal. U.S. Coast Pilot, Volume 5, Chapter 9,
recommends that ships approach Calcasieu Pass through the prescribed safety fairways (U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, and National
Ocean Service 2014).

In the northern portion of the Calcasieu Pass Safety Fairway, inbound LNG carriers
would embark a Lake Charles Pilot and enter the Calcasieu Ship Channel at buoy CC (29° 20’
01” N, 93° 13’ 18” W). From this point, deep-draft LNG carriers are confined to the Calcasieu
Ship Channel because of surrounding shallow water depths. Inbound ships would proceed into
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the entrance of the Calcasieu Jetties (29° 44.7° N, 93° 20.5 W) and continue northbound in the
Calcasieu River Ship Channel to the channel’s intersection with the Gulf Intracoastal Waterway
at “Devil’s Elbow” (30° 05.5” N., 93° 19.5 W.) At this intersection, inbound LNG carriers
would make a turn to the northeast and proceed into the Industrial Canal where the ships would
moor at the Magnolia LNG terminal. The entire inbound route is depicted on Figure 1.1-7.
Inbound LNG carriers would be either empty, partially loaded, or in heel (a small amount of
residual LNG on board to maintain cryogenic temperatures within the cargo tanks).

Loaded LNG carriers would transit outbound along the reverse route described for
inbound ships. LNG carriers serving the Magnolia LNG terminal are anticipated to arrive from
numerous worldwide locations and, similarly, will serve natural gas markets in Europe, Asia,
South America, and the Caribbean. It should be noted that Magnolia would not own or charter
the LNG carriers calling at the terminal and would not control the inbound or outbound routing
of these vessels. Vessel routes in offshore waters may vary from that described above due to
owner/charterer routing instructions or voyage-specific safety considerations. LNG barges with
a capacity up to 15,000 m* would also transit inbound and outbound from the Magnolia LNG
terminal using these same channels and safety fairways. These well-established routes are
described in U.S. Coast Pilot 5, Chapter 9, including recommended routes between U.S. Gulf
Coast ports (U.S. Department of Commerce, National Oceanic and Atmospheric Administration,
and National Ocean Service 2014).

1.1.6 LNG Vessel and Facility Security

LNG vessels transiting the Calcasieu River and Ship Channel are typically designated to
have a moving security zone during transit per USCG regulations at 33 CFR 165.805(a)(2).
While in transit, LNG vessels are accompanied by a moving security zone that extends 2 miles
ahead, 1 mile astern, and from shoreline to shoreline on the Calcasieu River (and from channel
edge to channel edge in the offshore waters of the Calcasieu Ship Channel). As a safety and
security precaution, no vessels are allowed to meet, cross, or overtake LNG ships in transit or
otherwise enter the security zone without the express permission of the USCG. At its discretion,
the USCG may elect to provide escort boats during LNG carrier transits to enforce the moving
security zone.

Magnolia plans to request that the USCG establish a fixed security zone immediately
surrounding the Magnolia LNG terminal. The security zone would serve to keep unauthorized
vessels from approaching close to the Magnolia LNG terminal or to LNG carriers moored at the
facility. The security zone would serve a similar function to the existing security zones
established at 33 CFR 165.805(a)(1) for the nearby Trunkline LNG, LLC and Cameron LNG,
LLC, terminals. The size and orientation of this security zone would be coordinated with the
USCG to ensure that it would not interfere with passing vessel traffic within the Industrial Canal.
Additional discussion of the Magnolia LNG security zone and the moving security zone typically
established around LNG carriers transiting the Calcasieu River and Ship Channel is provided in
RR 8.
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Magnolia has coordinated with the USCG Captain of the Port, Port Arthur and Marine
Safety Unit (MSU) Lake Charles, Louisiana, to prepare and submit the required Follow-On to
the preliminary WSA for the Project. The USCG participated in the port stakeholder waterway
risk assessment workshop held July 8 to 10, 2013, as part of the Follow-On WSA process.
Among other things, the USCG will evaluate the suitability of the proposed vessel route for the
expected size and number of LNG carrier and LNG barge transits. Waterway safety and security
considerations are included in the USCG’s evaluation. The Follow-On WSA, dated November
25, 2013, was submitted to the USCG on December 6, 2013. This document is currently under
review. Magnolia will continue to work with the USCG on issues related to the Follow-On
WSA and related port safety and security matters.

1.1.7 LNG Truck Loading

The Project would include facilities that allow a portion of the LNG to be loaded onto
trucks for road distribution to LNG refueling stations in Louisiana and surrounding states. The
LNG truck-loading area would include the following main facilities:

e cryogenic pipework (loading and vapor return) from the LNG storage tank(s) to the
LNG truck-loading area

e flexible cryogenic hoses (loading and vapor return) for filling
e control panel within a shelter
e aturning circle for LNG trucks

The capacity of the LNG trucks would be approximately 12,500 gallons (47 m®) with a
loading flow rate of approximately 265 gallons per minute (60 m%hr). The anticipated volume
of LNG to be delivered by truck once the Project is fully operational is about 2,461 m® per year
(650,000 gallons per year). It is currently projected that, on average, one truck would be loaded
per week at the proposed facility when operating at full capacity and more LNG fueling stations
become operational in Louisiana and neighboring states. The U.S. Energy Information
Administration’s (EIA’s) Alternative Fuel Data from 2011, the most recent EIA analysis data
available on point, shows an approximate total of 3,436 LNG-fueled vehicles in the United States
in 2011, a strong increase from the approximately 2,640 LNG-fueled vehicles reported for 2003.
An estimated 881 of the total 2,640 LNG-fueled vehicles in 2003 were trucks. That number
more than doubled to approximately 1,791 LNG-fueled trucks in 2011. (U.S. EIA 2013c)

The numbers of LNG-fueled trucks in the United States continue to increase. In fact, the
Department of Energy’s Office of Efficiency and Renewable Energy reports that through the
efforts of its Clean Cities coalitions,* approximately 3,400 LNG-fueled vehicles were on the

* The Clean Cities program is a national network now comprised of nearly 100 Clean Cities coalitions focused on
getting alternative and renewable fuels, idle-reduction measures, fuel economy improvements, and new
transportation technologies into the market. The program was established in 1993 pursuant to the Energy Policy Act
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roads in the United States in 2012 (U.S. Department of Energy 2014).> In addition, industry
analyst Zeus Intelligence® reported earlier this year that of 5,994 LNG-fueled vehicles in the
United States, there are 4,522 LNG-fueled trucks (Zeus Development Corporation 2014). This
number is expected to continue to grow as companies with large-scale, long-haul trucking needs
announce plans to make significant investments in LNG-fueled fleets. For example,
international shipping company United Parcel Service (UPS), the largest shipment and logistics
company in the world, recently announced that it will purchase 700 LNG tractors, used in tractor
trailers, by the end of 2014 (UPS 2014).

Following the commissioning of the first two trains, Magnolia is initially projecting that
their market share would allow for approximately 26 trucked cargos annually (12,500 gallons
average per cargo) based on the existing LNG fueling stations currently in operation and
projected to be constructed in Louisiana and Texas. As the market develops and more LNG
refueling stations become operational, Magnolia will seek to add additional market share,
doubling the trucked cargos annually from the Magnolia LNG facility.

A transportation study has been conducted and its findings will be coordinated with the
Louisiana Department of Transportation and Development and local community representatives
to determine the best route to be used for future LNG distribution by trucks to provide access to
domestic markets via U.S. Interstate Highway 10. LNG truck routing from the Project site to the
U.S. Interstate highway system is discussed in detail in RR 5, “Socioeconomics.”

1.1.8 Flare Stacks

The purpose of the pressure relief and flare system is to safely and reliably protect the
plant systems from overpressure during start-up, shutdown, plant upsets and emergency
conditions. Upset events that require flaring or depressurizing are not planned, and the control
system design is designed to prevent such events. Planned flaring is usually associated with
system cool down and for planned maintenance shutdown scenarios.

Two separate flares would be provided: 1) cold flare to handle cold relief fluids, and
2) warm flare to handle wet/warm relief fluids. The flares would be adjacent to one another and
therefore would share a common flare-stack structure that would be supported by a common
guyed wire system. The stack supporting the two flares would be approximately 100 feet in
height. During normal operation, no flaring would take place as boil-off gas (BOG) is recovered
and utilized as fuel in the CHP plant’s auxiliary boiler.

The cold flare would be connected to the vapor return line from ship-loading. This line
would feed the LNG tank to maintain tank pressure during ship-loading. The flare would be
ignited only when the over-pressure valve opens and when a flammable gas mixture is present at

of 1992 and is part of the U.S. Department of Energy’s Vehicle Technologies Office. (National Renewable Energy
Laboratory 2013)

® These are self-reported numbers and the information does not distinguish between LNG long-haul trucks and other
LNG-fueled vehicles.

® On April 22, 2014, Zeus Intelligence was acquired by Hart Energy.
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the flare tip. This is a safety overpressure system and is not designed for use during normal
operations. The composition of the flared gas will be per the LNG specification (95.7 percent
methane, 0.3 percent propane, 3 percent ethane, 1 percent nitrogen).

The warm flare would be connected to the liquefaction trains and would only flare during
plant start-up or process upset conditions. The flared gas would be either the feed gas
composition (95.7 percent methane, 0.3 percent propane, 3 percent ethane, 1 percent nitrogen) or
LNG composition (similar to above) or MR composition (16 percent nitrogen, 33 percent
methane, 39 percent ethane, 12 percent n-butane) or LP fuel gas composition (68 percent
nitrogen, 32 percent methane).

1.1.9 Demineralized Water Treatment Plant

Demineralized water would be required for the steam plant and amine plant as makeup
water. Groundwater would be used as feed water for the demineralized water treatment plant,
along with condensed water produced by the gas turbine inlet air cooling system. Prior to
condensing, this air would be finely filtered by the gas turbine inlet air filters. The volume and
sources of required demineralized water required is covered in Section 1.1.10.2 and also in RR
2, “Water Use and Quality.” The water treatment system would be designed, supplied, installed,
and monitored by a specialist from a water treatment company. The water treatment may
include pre-filtering, reverse osmosis, electro-de-ionization, mixed resin bed, and chemical
treatment prior to storage. Details about water treatment options would be determined during
Front End Engineering Design (FEED).

Reject water from the demineralized water treatment plant would be drained to a holding
basin and diluted with stormwater runoff prior to discharge to the Industrial Canal in accordance
with LDEQ requirements.

1.1.10 Facility Drainage and Containment

Drainage, containment, and effluent treatment systems would be provided to ensure the
proper disposal of effluents from process, service, and surface water streams, as well as domestic
effluent from the LNG plant site, in accordance with LDEQ’s requirements.” Magnolia has

" The Louisiana Pollutant Discharge Elimination System (LPDES) is authorized under the USEPA’s delegated National Pollutant
Discharge Elimination System (NPDES) program (which is authorized under the Clean Water Act) and promulgated through
Louisiana Administrative Code (LAC) Title 33:X1.2503. A water quality certification is required for all projects that obtain a
coastal use permit or a Section 404/10 permit.

The LPDES Permit Program is administered through LDEQ under LAC 33:1X.2511.B. For construction activities that disturb
five acres of land or more, for applicable activities (clearing, grading, and excavation for construction activities) a Notice of
Intent (Form NOI CSW-G) for LPDES Stormwater General Permit LAR100000 must be submitted to LDEQ detailing activities
and discharges. The activities and discharges must be protective of T/E species, cultural resources, and total maximum daily load
(TMDL) limits on receiving waterbodies, and the requirements of the Stormwater Pollution Prevention Plan (SWPPP) must be
met. Coordination with LDWF and the Louisiana State Historic Preservation Officer (SHPO) will be required to discharge
stormwater from the proposed Project site. This coordination is typically conducted in coordination with the Section 404/10
permit and the Water Quality Certification (WQC) required under Section 401 of the Clean Water Act.
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prepared a draft site-specific operational stormwater pollution prevention plan (SWPPP; see
Appendix 2.F in RR 2).

Importantly, no operational process waters would be discharged directly to surface
waterbodies. All stormwater would be directed into holding basins for dilution and temperature
adjustment to ambient before discharging back into the Industrial Canal.

The following drainage systems would be provided:

Storm/rainwater runoff from open ground areas outside the plant perimeter road would
flow either into the site’s perimeter road ditches or with the natural ground contours
directed off-site. High point grade lines would be established outside the plant
perimeter road to direct the flows as described. Perimeter road ditches would be
directed to the East or West holding basins, then overflow into the Industrial Canal.
Runoff from rooftops of buildings and shelters would be directed primarily to the
natural ground contour flows.

Storm/rainwater runoff from open ground areas inside the plant perimeter road would
flow into the site perimeter road ditches and be directed to the east or west holding
basins, then overflow into the Industrial Canal.

Storm/rainwater runoff in the open ground areas of the plant process area would be
directed to the perimeter road ditches around each train. The storm/rainwater runoff
would be channeled to the east holding basin, and then allowed to overflow into the
Industrial Canal.

Storm/rainwater collected in process areas requiring non-LNG spill containment
would utilize curbing, closed drain systems, troughs and swales to direct the
storm/rainwater to either an oily water interceptor or the LNG spill containment
system, where it would be directed to the east holding basin, then overflow into the
Industrial Canal.

All LNG equipment and piping systems holding LNG in the process area would be
provided with a spill containment system utilizing curbed areas, troughs, open drains,
and an impoundment basin to hold LNG spills (refer to RR 11, “Reliability and
Safety,” for a detailed description and routing of the LNG spill containment system).

Storm/rainwater runoff in the LNG Tank area would be channeled to the LNG spill
impoundment basin where it would be pumped to the west holding basin, and then
overflow into the Industrial Canal.

The operational LPDES permit requirements will be determined during FEED, but will likely involve a Notice of Intent under the
LPDES Multi-Sector General Permit for stormwater discharges associated with industrial activity. An Operational SWPPP and
Spill Plan will be developed dependent on FEED.
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e Storm/rainwater for the off-site areas would have curbed areas as required per the
equipment and as the system process dictates. These flows would be directed to
either an oily water interceptor or an LNG spill containment system, where it would
be directed to the east or west holding basin, and then overflow into the Industrial
Canal.

e Portable air-driven pumps would be used to pump out the oily water separators to
vacuum trucks for disposal off-site in accordance with LDEQ requirements.

1.1.11 Control, Administration, and Workshop Buildings
The following building facilities would be required for the Project:

e Control Room: The control room would be located above the administration level to
provide a view of the facility. It would include an open area with control and
monitoring stations suitable for two operators. Separate rooms would be provided for
instrument and electrical equipment and an uninterruptible power supply
(UPS)/battery.

e Administration: This building would include offices for the plant personnel, spare
offices, meeting room, open office area for work stations, kitchen, and bathrooms.

e Workshop: The layout, space, and facilities required for the workshop would take into
account the specific requirements of the plant equipment to be maintained.

e Shelters/Houses: Smaller shelters and buildings to house various equipment may be
required as per the relevant standards and guidelines.

1.1.12 Power, Water, and Communications
1.1.12.1 Power Supply Requirements

The total power requirement for each LNG train is 72.5 megawatts (MW), of which 66
MW would be generated from the gas turbines (driving the MR compressors) and approximately
6.5 MW would be imported from the Entergy Gulf States Louisiana, LLC (Entergy) grid.

Within each LNG train, the 66 MW of power required to drive the two General Electric
(GE) Nuovo Pignone model BCL805 single-stage centrifugal MR compressors for the separate
MR circuits, are generated by two 33MW GE PGT25+G4 gas turbines.

A CHP plant would recover the waste heat from the above-mentioned gas turbines to
produce HP steam. This steam would be utilized by steam turbines that would drive the ammonia
refrigeration plant within each LNG train, therefore increasing performance of the liquefaction
process.
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Power from the local Entergy electrical grid would be required to run motors for LNG
loading pumps and boil-off gas (BOG) compressors, amine pumps, air coolers, lighting,
instrument air package, N, generation package, and other minor items. At full plant capacity of
8 mtpa, the Project is expected to import a base load of approximately 26 MW during normal
operating hours (24/7). An additional requirement of 5 MW of power (totaling approximately 31
MW) is expected to be imported from the electrical grid when loading LNG carriers, which
would take approximately 18 hours each.

When in service, the loading of the smaller LNG barges would require less power and
less time (approximately three to four hours to load). The frequency of LNG loading would be
on average, one to two LNG carriers per week and an additional one to two LNG barges per
week when operating at full plant capacity. Moored LNG carriers and LNG barges and tugs are
self-sufficient and supply their own utilities, including their own power supplies.

Entergy, the local power provider, has an existing 230-kilovolt (kV) high voltage (HV)
transmission line approximately 1.3 miles to the east-northeast of the Project site, which would
be accessed by the Project. Refer to Section 1.12 for additional information on non-jurisdictional
facilities. An analysis of potential environmental impacts to expand the service to the Project is
provided in the applicable RRs.

Back-up power would be available for the Project. A packaged diesel engine/generator
combination, typically referred to as a “genset,” would be used. A genset back-up is a fully
standalone power supply that includes a base, enclosure, sound attenuation, control systems,
circuit breakers, jacket water heaters, cooling system, starting system, fuel supply day tank, and
spill containment system. The genset’s function is to auto-start during a loss of power event to
supply back-up power to the plant’s process and safety systems to allow for a safe and controlled
shutdown of the facilities. During engineering, procurement, and construction (EPC) design, an
emergency load list will be finalized to size the genset back-up power requirements.

1.1.12.2 Water Supply and Sewage Handling
Water Supply and Sewage Handling During Operations

The Project site has access to potable water from the Calcasieu Parish (Ward 3) District
12 Water Works located immediately adjacent to the southeast corner of the Project site. An
existing 12-inch water pipeline runs along the entire length of the property just north of Henry
Pugh Boulevard. It is expected that this existing 12-inch water pipeline would be sufficient for
the Project’s operational potable water needs of approximately 2,000 gallons per day, on
average. Discussions with the Calcasieu Parish Engineer, Terry Frelot, confirmed this proposed
plan. It is anticipated that no upgrades or improvements would be required. The potable water
from Calcasieu Parish District 12 Water Works, sourced from groundwater wells, would be used
for plant personnel in buildings, safety showers, and eyewash stations.

Magnolia intends to construct and develop two on-site groundwater wells. During
operation, groundwater from these wells would be used for process, service, and plant fire water
systems (see RR 2, Section 2.2.4, “Water Use,” and Section 2.2.6, “Operation Impacts and
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Mitigation). The depths of these wells would be between 500 and 700 feet. Although two wells
are planned, only one well would be used for plant water requirements. The second well would
be available for use only if the primary well is out of service during operations. For information
regarding water wells present within 0.25 mile of the Project site, please refer to RR 2, Section
2.4.6, “Water Supply Wells.”

Each LNG train would produce condensed water during operations when the gas turbine
inlet air is cooled by the air inlet chillers, and this would be used to feed the demineralized water
treatment plant within each LNG train. It is estimated that 31,700 gallons per day (average)
would be produced from the turbine inlet air coolers within each LNG train. In total, all four
trains are expected to produce an average of 126,802 gallons per day of condensed water. The
water produced from the turbine inlet air coolers would be reused as feed water for the
demineralized water treatment plant (refer to Section 1.1.7). Groundwater would be used to
supply the balance of water required to feed the demineralized water treatment plant. Current
water balance projections for the operational phase of the Project are included in Table 1.1-1.
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Table 1.1-1 Estimated Facility Water Requirements at Full Plant Operational Capacity
Min Total Norm Total Max Total Min Total Norm Total Max Total
Water Water Water Water Water Water
Water Demand Demand Demand Demand Supply Supply Supply
Requirements (gallons per day) Water Supply Source (gallons per day)
Demineralized Water 167,378 210,000 278,964 Proposed Groundwater 167,378 130,090 152,289
Treatment Plant Wells
Water Generated from
Service Water 0 20 127 the Gas Turbine 0 80,000 126,802
Inlet Air Coolers
Plant Personnel
(General Ablutions, Calcasieu Parish
Emergency Showers 740 1,820 3,329 District 12 Water Works 740 1,820 3,329
and Washdown)
Total 168,118 211,910 282,420 Total 168,118 211,910 282,420
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The sewage system would be developed to handle all wastewater generated during
operation of the planned facility. It is currently anticipated that Magnolia would install a self-
contained, aboveground treatment plant and employ a third-party contractor to operate and
maintain as an individual system, per title 51 of the Louisiana Public Health-Sanitary Code
(http://www.doa.louisiana.gov/osr/lac/Part%20X111_July2005.pdf).

Water Supply and Sewage Handling During Construction

Water needs for the Project at peak manpower are currently estimated to be about 6,000
gallons a day, with an average of 1,800 gallons per day. Construction wastewater would be
collected from construction facilities into holding tanks. The contents of the holding tanks
would be removed by licensed vendors via vacuum trucks for proper off-site disposal. The work
force, in general, will be serviced by a certified portable toilet vendor with wastewater
periodically removed via vacuum trucks for proper off-site disposal.

Dust control would be implemented during construction; however, it is anticipated that
dust control would be minimal during the summer months as the site is relatively small and
construction would correspond with the rainy season. A standard 2,000-gallon water truck
would be used during construction for dust suppression. An estimated 60,000 gallons of water
would be used for dust suppression during the first year of site preparation. After site
preparation is completed, permanent access roads within the site would be sealed to protect the
sub-base.

Magnolia would use an off-site concrete batch plant for all concrete pours required to
build the proposed Magnolia LNG plant facility, for additional information please refer to
Section 1.5.4.9, “Materials and Equipment Delivery and Off-site Concrete Batch Plant.”

1.1.12.3 Temporary Tie-In Connections for Power and Water Supply During
Construction

Magnolia’s proposed construction utility tie-in connections include power and water
supply. Power would be connected through an existing 34.5 kV power line that parallels the
south side of Henry Pugh Boulevard as depicted on Figure 1.1-8. An overhead power line would
be extended over Henry Pugh Boulevard from a pole on the south side of Henry Pugh Boulevard
to a pole on the Magnolia site which would drop down to a switch at the base of the pole located
within the site. From that location, the electrical contractor would make the proper connections
and distributions in accordance with the construction specifications for the Project. Water tie-in
connection during the construction phase would be supplied through a fire hydrant fed by the
12-inch water main that parallels Henry Pugh Boulevard on its north side. Figure 1.1-8 shows
temporary tie-in connection points for power and water supply during construction.
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1.1.12.4 Communication

The telecommunication system for the Project would comprise the following:

telephone exchange

radio system

computer network

plant telecommunications network
electronic mail system for communication
closed-circuit television (CCTV) system

Communication with the following locations would be required:

LNG carrier or LNG tug/barge

local Programmable Logic Controller
natural gas provider

local power provider Entergy

local emergency services

company head office
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The telecommunication systems shall comply with the governmental rules and
regulations.  Marine band very high frequency (VHF) radios would be provided for
communication with the LNG vessels. Access to the control system would be provided to allow
remote monitoring of the plant operation by approved parties.

1.2 PURPOSE AND NEED

The purpose of the Magnolia LNG Project is to construct a terminal to serve the domestic
and export markets for LNG. The Project would:

e Provide an efficient and cost-effective outlet for the abundant new supplies of U.S.
domestic natural gas available in the marketplace.

e Support export of LNG via large LNG carriers between 125,000 and 218,000 m®
capacity.

e Support domestic waterway transportation of LNG in barges of up to 15,000 m®
capacity for use as vessel fuel in shipping and the offshore oil and gas industry.

e Support domestic highway distribution of LNG in trucks of approximately 12,500
gallons (47 m®) capacity to serve the emerging business of providing LNG as fuel for
long-haul trucking and other emerging domestic uses of LNG.

Related Project objectives include:

e Minimizing Project environmental impacts by selecting a site near the existing U.S.
natural gas pipeline distribution network and minimizing the length of necessary
natural gas supply pipeline interconnections.

e Minimizing Project environmental impacts by selecting a site located on an existing
deep-draft channel suitable for use by LNG carriers and that minimizes the amount of
dredging needed to develop the Project.

e Minimizing Project environmental impacts by selecting a site that can be developed
with limited impacts to wetlands or other sensitive habitats.

e Minimizing Project environmental impacts by selecting an LNG liquefaction
technology that maximizes thermal efficiency and reduces the amount of Project air
emissions per unit of LNG produced by approximately 30%.

1.2.1 U.S. Natural Gas Supply

Magnolia anticipates that the sources of natural gas will include conventional and
unconventional supplies from various producing regions, including recent shale gas discoveries
in the Haynesville, Eagle Ford, Barnett, Floyd-Neal/Conasauga, and Marcellus shale plays.
These shale plays represent a vast supply of natural gas, with a combined area of approximately

33



MAGNOLIA

RESOURCE REPORT 1. General Project Description

100,000 square miles and contain an estimated 553 trillion cubic feet (Tcf) of recoverable gas
(U.S. EIA 2011). The size of traditional and emerging natural gas supply sources in proximity to
the Magnolia LNG terminal would provide Magnolia’s potential customers with diverse and
reliable alternative gas supply options.

On August 1, 2013, the EIA released updated information on U.S. dry natural gas
reserves showing that proved reserves as of December 31, 2011, reached 334.07 Tcf, while
production increased to 23.56 Tcf (U.S. EIA 2013a). Most recently, the EIA estimated that
proved U.S. natural gas reserves declined in 2012 due to low prices, but it anticipates the
reserves for 2013 will be positively affected by the price recovery from 2012 to 2013 (U.S. EIA
2014). This updated information supports the conclusion that domestic natural gas supply as
measured by proved natural gas reserves has been increasing and that a growing supply of
natural gas is available under existing economic and operating conditions (U.S. Department of
Energy 2013a). The Magnolia LNG Project seeks to use the increasing supply of U.S. natural
gas to serve the U.S. domestic and export markets for LNG.

1.2.2 LNG as Vessel Fuel

LNG is increasingly being considered as a fuel for large and small marine vessels, both in
the United States and around the world. The Project is being designed to meet that need. Several
factors are motivating vessel owners and operators to consider using LNG as vessel fuel
including reduced cost of fuel compared to diesel and the need to reduce air emissions to comply
with international environmental requirements for ships. The marine industry has employed
natural gas fuel in the LNG carrier fleet for many years; however few other large ships have been
outfitted for natural gas due the historic lower cost of heavy fuel oil.

Annex VI of the International Maritime Organization (IMO) Convention for the
Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 (MARPOL
73/78), outlines international requirements for vessel air emissions and shipboard air pollution
prevention measures. MARPOL 73/78 Annex VI entered into force for the United States on
January 8, 2009. Starting on that date, U.S. ships operating anywhere and foreign-flag ships
operating in U.S. waters must comply with the requirements set out in MARPOL Annex VI
(USCG 2012a).

On March 26, 2010, IMO adopted amendments to MARPOL Annex VI, by resolution
MEPC.190(60) to designate the new North American Emissions Control Area (ECA) and in July
2011 by resolution MEPC.202(62) to designate the U.S. Caribbean Sea ECA (USCG 2012a).
The North American ECA entered into force on August 1, 2011, and took effect on August 1,
2012. The U.S. Caribbean Sea ECA entered into force on January 1, 2013, and took effect on
January 1, 2014. The boundaries of the North American ECA are shown on Figure 1.2-1.

Ships subject to MARPOL Annex VI operating within the U.S. and Caribbean ECAs will
be subject to stricter air emissions guidelines than those operating outside the ECAs, especially
regarding the amount of sulfur allowable in the ship’s fuel oil. Ship fuel sulfur levels within
ECAs are significantly reduced in comparison to non-ECA areas. Current and future ship fuel
sulfur requirements are shown in Table 1.2-1.
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Source: U.S. Environmental Protection Agency 2010.

Figure 1.2-1 Map of the North American Emission Control Area (ECA)

Table 1.2-1 MARPOL Annex VI Fuel Sulfur Requirements

Fuel Sulfur Standard (max percent by Weight)

Global Sulfur Cap ‘ Emissions Control Area Sulfur Cap
On and after Jan. 1, 2012 3.50% On and after Aug 1, 2012 1.00%
On and after Jan. 1, 2020 0.50% On and after Jan. 1, 2015 0.10%

Source USCG 2012a.
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A recent report observed that low natural gas prices in the United States and LNG prices
below the Brent crude oil price in Europe provide incentives to move to LNG-fueled vessels as a
means of meeting the 0.1 percent sulfur limit that will become effective in 2015 (Adamchak and
Adede 2013). LNG is a potential solution for meeting these ship fuel oil sulfur limits since it has
virtually no sulfur content and its combustion produces low levels of nitrogen oxide (NOx)
compared to marine fuel oil and marine diesel oil. Not only is LNG cleaner-burning, but it may
have economic advantages on a heating value basis when compared to global bunker fuel prices
(Adamchak and Adede 2013).

The advantage of potentially lower fuel cost combined with reduced air emissions means
that LNG is increasingly being considered as a potential marine fuel source in many areas.
Currently, six LNG-fueled offshore supply vessels (OSVs) are under construction by Harvey
Gulf Marine to serve the offshore oil and gas industry along the U.S. Gulf Coast (Tita 2013). In
anticipation of new build and vessel conversions using LNG fuel systems, the USCG recently
issued a policy letter providing interim guidelines for the design and approval of shipboard LNG
fuel systems since current regulations do not fully address these requirements (USCG 2012b).

On November 7, 2013, the U.S. Maritime Administration announced a $1.4 million grant
to support the increased use of LNG as a marine transportation fuel, including $900,000 to
Horizon Lines, Inc. for conversion of a specific vessel, and $500,000 to Det Norske Veritas for a
study to analyze the issues and challenges associated with LNG bunkering, which is the process
of supplying fuel for ships, and the landside infrastructure needed to store and distribute LNG
(U.S. Department of Transportation, Maritime Administration 2013).

The Magnolia LNG Project would have the ability to load LNG barges that could further
distribute the LNG to ship and OSV fueling facilities in the region. Ships and OSVs would not
be directly fueled/bunkered at the Project site. LNG barges loaded at the Project site would
make bulk deliveries to the ship fueling facilities and OSV shore bases in the region. Magnolia
has not yet established contracts with shipping companies or OSV operators to supply LNG as
vessel fuel. However, this is an emerging business area that will be stimulated by recent
establishment of the North American ECA. Major deep-draft port facilities along the central
Gulf Coast that could be supplied by the Magnolia LNG Project include:

Port of Lake Charles, Louisiana
Port of New Orleans; Louisiana
Port of South Louisiana, Louisiana
Port of Baton Rouge, Louisiana
Port of Port Arthur, Texas

Ports of Houston/Galveston, Texas

LNG barges would also be capable of delivering LNG to OSV shore bases along the
central Gulf Coast including:

e Port Fourchon, Louisiana
e Port of Iberia, Louisiana
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e Port of Morgan City, Louisiana
e Port of Galveston, Texas

Figure 1.2-2 shows the locations of deep-draft port areas and major OSV supply bases
that could represent future delivery points for LNG produced by the Magnolia LNG Project.
Since no contracts have been established between Magnolia and shipping companies to supply
LNG as vessel fuel, it is not currently possible to describe actual shipping routes to be utilized or
the frequency of deliveries. The USCG will be in charge of determining the suitability of
waterways to support LNG vessel transportation and Magnolia will continue to engage the
USCG to assess the safety and security of LNG vessel transportation as this market continues to
develop. The USCG’s full WSA process for LNG transportation is described in USCG
Navigation and Vessel Inspection Circular No. 01-2011, “Guidance Related to Waterfront
Liquefied Natural Gas (LNG) Facilities” (USCG 2011).

LNG would be transferred from the LNG barge to the port or OSV fueling facility in
generally the same way that it is currently transferred between LNG ships and approved LNG
waterfront facilities. All waterfront facilities that transfer LNG must be designed, constructed,
and operated to comply with the USCG’s LNG facility regulations in 33 CFR Part 127. These
regulations include requirements to develop an LNG Operations Manual and an Emergency
Manual. Each LNG transfer would require a preliminary transfer inspection (33 CFR 127.315),
completion of a Declaration of Inspection (33 CFR 127.317) to ensure that all systems and
procedures are satisfactory to start the transfer, and compliance with the LNG transfer
regulations in 33 CFR 127.319. These same requirements will apply to the specialized barges
transferring LNG to port facilities and OSV supply bases. Any transfer of LNG as a marine fuel
between vessels is also required to meet the requirements of 33 CFR 155 and 33 CFR 156.

Magnolia is aware that the USCG is developing detailed policy guidance to clarify the
applicability of existing regulations to the transfer of LNG for use as vessel fuel. USCG
(CG-OES) Policy Letter No. 01-14, “Guidelines for Liquefied Natural Gas Fuel Transfer
Operations and Training of Personnel on Vessels Using Natural Gas as Fuel” (USCG 2014a), as
well as Policy Letter No. 02-14 *“Guidance Related to Vessels and Waterfront
Facilities Conducting Liquefied Natural Gas (LNG) Marine Fuel Transfer (Bunkering)
Operations” (USCG 2014b), are currently in draft form and were recently circulated to the public
and marine industry for comments. Magnolia filed comments with the USCG on these policy
letters on March 6, 2014. Once finalized, these draft policy letters will provide additional
guidance to vessel and waterfront facility owner/operators on the safety, security, and training
requirements for vessels and facilities transferring LNG for use as vessel fuel. Magnolia will
adhere to the applicable USCG regulations and the guidelines established by these two
documents, as well as any other guidance that should be promulgated by the USCG prior to
Magnolia LNG’s commissioning date.
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1.2.3 LNG as Domestic Highway Fuel

Magnolia would have a truck loading facility to serve the regional needs for LNG
highway fuel for long-haul trucks. It is also possible that the LNG trucks could supply
local/regional marine fueling facilities as that marketplace emerges.

LNG highway transportation refueling stations generally receive their LNG supply from
a liquefaction plant via LNG trucks specially designed to distribute cryogenic fuels. At the
refueling site, LNG is offloaded into the facility’s storage system. To support long-haul, heavy-
duty trucks moving goods throughout the United States, LNG truck fueling stations along major
interstate corridors are required. Numerous recent announcements by Clean Energy Fuels and
Royal Dutch Shell have described plans for opening a series of LNG highway refueling stations
(Environmental Leader 2012; FuelFix 2013). In 2012, Clean Energy Fuels met its goal of
completing 70 LNG truck fueling stations (Environmental Leader 2012). The company, one of
the largest providers of natural gas fuel for transportation in the United States, plans to build
another 70 to 80 LNG fueling stations adjacent to long-haul trucking routes and around major
warehouse distribution centers in 2013. Figure 1.2-3 shows the first phase of the Clean Energy
Fuels LNG trucking corridor.

Operating LNG refueling stations in Louisiana and Texas are depicted on Figure 1.2-3
and include the following (U.S. Department of Energy 2013b):

Interstate 49 in Freirson, Louisiana

Interstate 10 in Baytown, Texas

Highway 290/Interstate 610 intersection in Houston, Texas
Richey Road and Interstate 45 intersection in Houston, Texas
Bonnie View Road and Interstate 20 intersection in Dallas, Texas
e 4600 Irving Boulevard (Highway 386) in Dallas, Texas

Information on the weekly LNG long-haul truck visits to the LNG refueling stations
closest to the Magnolia LNG terminal is not publicly available. Magnolia currently is exploring
whether it may be able to purchase this information and will update FERC accordingly.
Magnolia engaged in extensive research in an effort to obtain this information from a variety of
sources, including the EIA, the USDOT’s Federal Motor Carrier Safety Administration, the
USDOT’s Bureau of Transportation Statistics, the USDOT’s Federal Highway Administration’s
Texas Division, the Texas Department of Transportation, the Texas Commission on
Environmental Quality’s Air Permits Division, the LDEQ’s Air Permits Division, the
Transportation Research Board, the Texas Railroad Commission, the Texas Department of
Motor Vehicles, the Texas Department of Public Safety, a number of trade associations, the LNG
refueling stations, and industry news and trade press.

1.2.4 Anticipated Growth of the LNG Trucking Industry

Regarding the anticipated growth of the LNG trucking industry, including LNG refueling
trucks and LNG long-haul trucks, projections and market information demonstrate significant
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anticipated growth over the next 5 to 10 years. The EIA stated in its Annual Energy Outlook
(AEO) 2013 Reference Case, “fuel switching to natural gas in the form of compressed natural
gas (CNG) and LNG already is projected to achieve significant penetration of natural gas as a
fuel for heavy-duty trucks. In the Reference [CJase, natural gas use in heavy-duty vehicles
increases to 1 trillion cubic feet per year in 2040, displacing 0.5 million barrels per day of diesel
use” (U.S. EIA 2013b). This growth will be driven by a number of factors, including the lower
price of natural gas compared to diesel, as well as government-driven initiatives including
emissions standards for heavy-duty trucks, anticipated fuel efficiency standards for heavy-duty
trucks, and potential tax incentives.

1.2.4.1  Projections and Market Information

The number of LNG fueling stations, key to increasing the viability of LNG-fueled truck
fleets, is projected to rise. In AEO2010, the EIA reported 38 then-existing LNG fueling stations
in the United States (U.S. EIA 2013b). The Department of Energy’s Fueling Station Locator
now lists 50 LNG refueling stations in the United States (U.S. Department of Energy 2013b).
However, that number may under-report the number of stations. In a January 30, 2014, report,
Zeus Intelligence states that there are 74 LNG fueling stations operating in the United States
(Zeus Development Corporation 2014) and the number is expected to grow significantly over the
next 5 to 10 years.

UPS (2014) has announced plans to open four new LNG refueling stations in 2014. Zeus
Intelligence’s LNG Fuel Stations Database lists approximately 47 LNG fueling stations as
“planned/under construction” (Zeus Development Corporation n.d.) and Clean Energy Fuels
Corporation lists nearly 95 LNG fueling stations as “coming soon” (Clean Energy Fuels 2014).
In addition, Shell and TravelCenters of America, LLC (TA) have announced an agreement to
make a substantial investment in LNG fueling infrastructure with the goal of providing “the
potential for the first-ever coast-to-coast LNG-fueled commercial transport network” (Shell
2013a). Their phased plan includes the construction of “at least two LNG fueling lanes and a
storage facility at up to 100 existing TA and Petro Stopping Centers branded full service travel
centers along the U.S. Interstate highway system” (Shell 2013a). Early last year, Shell also
announced its final investment decision on two small-scale liquefaction units that it envisions
“will form the basis of two new LNG transport corridors in the Great Lakes and Gulf Coast
regions” to serve marine vessels and heavy-duty vehicles (Shell 2013b).

As the number of LNG fueling stations is expected to increase, so are the number of
LNG-fueled trucks. In its AEO2014 Early Release, the EIA projects that in 2024, a total of
20,462 heavy-duty LNG-fueled trucks and an additional 16,527 medium-duty natural gas-fueled
trucks will be in stock in the United States, the majority of which will be LNG-fueled (U.S. EIA
2013d). The EIA data show those numbers continuing to rise exponentially through 2040, when
the heavy-duty LNG truck stock reaches 396,669 trucks and the medium-duty natural gas-fueled
trucks reach 22,618 (U.S. EIA 2013d).

Announcements from major market participants also support the anticipated growth of

LNG-fueled trucks in the United States. In addition to UPS’s announcement that it will purchase
700 LNG tractors, used in tractor trailers, by the end of 2014 (UPS 2014), Lowe’s last year
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announced its goal to replace its entire diesel-powered dedicated fleet to natural gas trucks by the
end of 2017 (Lowe’s 2013). As part of a $38.7 million initiative aimed at improving air quality
and reducing greenhouse gases, commercial transportation and logistics provider Ryder System,
Inc. (2014) has announced plans to deploy 202 heavy-duty, natural gas-powered trucks.

1.2.4.2 Lower Cost Fuel

As previously noted, one factor driving increased demand for heavy-duty LNG trucks is
the low cost of LNG as compared to diesel in the United States. As the EIA notes in AEO2013,
“[t]he fuel cost advantage is expected to be large enough in the view of a significant number of
operators to offset the considerably higher acquisition costs of vehicles equipped to use [CNG
and LNG]. . .” (U.S. EIA 2013b). Even with the number of natural gas vehicles worldwide
forecasted to reach 1.9 million by 2022 (Navigant Consulting, Inc. 2014), the EIA’s AEO2014
Early Release projects that natural gas prices will remain low through 2040 relative to other
global markets (U.S. EIA 2013b). The projected longevity of comparatively low natural gas
prices supports continued growth in LNG-fueled trucks.

1.2.4.3 White House Initiatives

A number of initiatives from the White House could further fuel this projected
development. Following President Barack Obama’s February 18, 2014, speech detailing a
crucial piece of his Climate Action Plan (The White House 2014a), the President directed
USEPA Administrator Gina McCarthy and Transportation Secretary Anthony Foxx to issue a
Notice of Proposed Rulemaking on fuel efficiency and greenhouse gas emissions for heavy-duty
trucks by March 2015, with final issuance a year later (The White House 2014b). At 20 to 30
percent lower average greenhouse gas emissions (Natural Gas Vehicles for America 2013),
LNG-fueled vehicles are likely to be a significant element of the industry’s response to these
new regulations.

The President also outlined a series of tax incentives for LNG-fueled vehicles and fueling
stations as a supplemental element of his plan to reduce greenhouse gas emissions in heavy-duty
trucks (Natural Gas Vehicles for America 2013). President Obama proposed that the federal
government issue “new tax credits to companies that manufacture heavy-duty alternative-fuel
vehicles and those that build fuel infrastructure so that trucks running on biodiesel or natural gas
have more places to fill up” (The White House 2014a). The President’s Fiscal Year 2015 budget
request also includes an investment of $2 billion over the next decade from “Federal oil and gas
development revenue, which would be placed in a new Energy Security Trust and help to
provide a reliable stream of mandatory funding for research and development for alternative
fuels such as domestically-produced natural gas” (The White House 2014c). These items, all
part of the President’s Fiscal Year 2015 budget request, point to this Administration’s continued
support of natural gas as a transportation fuel and support the likely continued growth in LNG-
fueled trucks.
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1.2.,5 Environmental Objectives

The Project has a number of environmental objectives that were important in the site
selection, pipeline strategy, and LNG liquefaction process selection. These objectives included:

e Selecting a site located near the existing U.S. natural gas pipeline distribution
network and minimizing the length of necessary natural gas supply pipeline
interconnections.

e Selecting a site located on an existing deep-draft channel suitable for use by LNG
carriers and that minimizes the amount of dredging needed to develop the Project.

e Selecting a site that can be developed with limited impacts to wetlands or other
sensitive habitats.

e Selecting an LNG liquefaction technology that maximizes thermal efficiency and
reduces the amount of Project air emissions per unit of LNG produced.

The proposed Project has been designed to meet these Project objectives.
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13 LAND REQUIREMENTS

The Project would require approximately 115 acres of land along the south shore of the
Industrial Canal on Port of Lake Charles Tract 475. The Industrial Canal is located off the main
Calcasieu River Ship Channel, as shown on Figure 1.1-3. Magnolia has executed an exclusive
option agreement with the Port District that allows Magnolia the exclusive right to lease the site
for an initial 30-year term, with four ten-year optional extensions.

Two 160,000 m* LNG storage tanks would be constructed on the Project site. The LNG
liquefaction modules and associated gas turbines and gas processing equipment would be
constructed off-site in existing construction/fabrication yards located in southwest Louisiana or
elsewhere depending on vendor selection. This would reduce the land requirements necessary
for equipment storage or laydown areas on the Project site. The Magnolia team has completed
site visits to several existing fabrication yards in the Gulf Coast region. Fabrication yards are
large, open work areas that can accommodate a multitude of different fabrication requests. Upon
award of a fabrication order, the fabrication company prepares its yard to meet the requirements
and specifications of the fabrication order, which includes laying out a work plan to meet the
requirements of the fabrication order. Due to the ongoing negotiations with the fabrication
vendors, it is not prudent for Magnolia to name the intended fabrication yard owners and location
until awarded.

Magnolia plans to use an existing construction yard owned by Dynamic Industries, Inc.
(DII) and located immediately to the east of the Project site for marine deliveries® (see Figure
1.3-1). The DII Lake Charles facility is located 12 miles south of the city of Lake Charles at the
intersection of the Calcasieu Ship Channel and the Gulf Intracoastal Waterway. The facility is
22.4 miles north of the Gulf of Mexico. The DII facility performs structural steel fabrication and
welding process piping fabrication assembly and hydrotesting, coating, electrical and
instrumentation installation. There are two main fabrication shops on the DIl site. The structural
fabrication shop is 100 feet wide, 300 feet long, and 90 feet tall. The shop has three 20-ton
overhead cranes with a maximum hook height of 75 feet. This shop is used for structural
modular sections and is used to assemble large components indoors, which prevents weather
delays on fast-track projects. The piping fabrication shop is 200 feet wide by 200 feet long. It
contains two 20-ton overhead cranes with a maximum hook height of 22 feet. This fabrication
shop is versatile and can be used either as a pipe fabrication shop or a secondary steel fabrication
shop. An additional shop contains two separate warehouse areas and a mechanic shop. The
warehouse is used to store weather-sensitive products.

The DII facility is capable of fabricating and shipping structures up to 12,000 tons.
Structures can be loaded onto trucks and barges using cherry-pickers or crawling cranes. This
facility has 1,100 feet of bulkhead and can accommodate a barge up to 175 feet wide, 400 feet
long, and 25 feet in depth. For large structures that are loaded onto barges or ships, DIl uses self-
propelled modular transporters (SPMTS) to load the structures.

8 Discussions with Dynamic Industries Inc. (DI1) on the use of facilities at their adjacent Lake Charles construction yard are
ongoing. As such, the areas within the DII facility described for use in conjunction with the Magnolia LNG Project are
preliminary and subject to change (see Appendix 1.D).
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The LNG liquefaction process modules to be constructed off-site would be offloaded at
the existing DIl dock and transported across land via a heavy-haul road to the erection point at
the Project site. Likewise, any other large equipment or material that requires delivery by vessel
would use the existing DIl dock. Barge unloading would be done in the location of the “crane
pad” that is indicated within the area shown on Figure 1.3-1. No in-water activities are required
as modules would be transferred from the barge and into final position using SPMTs. The
SPMTs would wheel each process module sequentially into position and then lower each module
onto piled supports. Smaller modules would be lifted using crane(s), as necessary. Equipment
may, at times, be lifted over the water as the crane swings the load around. The relationship of
the DII facility and dock to the Project site is shown on Figure 1.3-1. As a result, a construction
and/or supply dock or berth would not be built specifically for the Project.

In addition, Magnolia plans to establish a contract agreement for the use of the DII
facilities for temporary parking by construction workers (first two to three months after
mobilization to the site to perform site preparation, clearing, and grubbing activities) and for an
additional staging area during construction of the proposed facility. Additional construction
activities would include a heavy-haul road between the Project site and the DII facility. The
requirement for laydown areas during construction is included within the approximately 115-acre
Project site; the existing DIl facility would be used for staging purposes only.

Table 1.3-1 and Figure 1.3-2 identify the construction workspace areas and total acreage
of land that would be affected on the Project site.

Table 1.3-1 Land Acreage Affected by
Construction Workspace Areas on
the Magnolia LNG Project Site

Area
Facility Component (acres)
Heavy-Haul Access Road 7.5
Heavy-Haul Road Laydown Area 1.6
Internal Roads 3.3
LNG Tank Laydown Area 19.0
Marine Laydown Area 2.3
Meter Station Laydown Area 1.3
Miscellaneous Laydown Area 175
Other Site Preparation and Grading 56.9
Construction Parking 3.2
Temporary Office Area 1.4
TOTAL 114.0
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Table 1.3-2 and Figure 1.3-3 identify the temporary workspace areas and total acreage of
land that would be affected at the DII construction yard. Magnolia would use existing local
roadways to access the Project site during construction and operation. Currently, there are no
existing roads on the Magnolia LNG plant site. Magnolia would construct a new heavy-haul
road to transport the equipment from the existing DII construction yard and dock area to the
Project site. Magnolia does not anticipate that any improvements to existing off-site roadways
would be needed for construction and operation of the facility (refer to RR 8 “Land Use,
Recreation and Aesthetics;” Section 8.2.1 “Land Use Requirements™).

Table 1.3-2 Land Acreage Affected by Construction Workspace Areas
on Dynamic Industries, Inc. Yard Facilities®

Area
Facility Component (acres)
Mobilization Parking Area 0.4
Temporary Module and Miscellaneous Materials Staging Area 4.8
TOTAL 5.2

Notes:

(a) Discussions with DIl on the use of facilities at their adjacent Lake Charles
construction yard are ongoing. As such, the areas within the DIl facility
described for use in conjunction with the Magnolia LNG Project are preliminary
and subject to change.
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Table 1.3-3 and Figure 1.3-4 identify the total acreage of land that would be affected by
the operation of all Project components. Approximately 59 acres, or 54 percent of the site,
would be impervious (i.e., pavement, buildings); 16 acres, or 14 percent, would be semi-pervious
(i.e., compacted aggregate or packed soils); and the remaining 35 acres, or 32 percent, would
consist of grassy surfaces, such as a upland meadow where vegetation is maintained in a
graminaceous or weedy state due to mowing activities (if impacted by construction activities), or
remaining existing habitat with no facility infrastructure or potential drainage from facility
infrastructure.

Magnolia would use existing local roadways to access the Project site during operation.
Currently, there are no existing roads on the Magnolia LNG plant site. Magnolia would
construct internal roads and parking as shown on Figure 1.3-4. For dimensions of internal roads,
please refer to Figure 1.3-4. Magnolia does not anticipate any improvements to existing off-site
roadways that would be needed for construction and operation of the facility (refer to RR 8
“Land Use, Recreation and Aesthetics;” see Section 8.2.1 “Land Use Requirements”).

Table 1.3-3 Land Acreage Affected by Operation of the Project

Operational Area
(acres)
_ Semi-
Impervious  pervious Pervious
Facility Component Areas Areas Areas
Control, Administration and Workshop Buildings 0.3
Demineralized Water Treatment Plant 0.1
Facility Drainage and Containment 1.2
Flare Stack 0.4 0.7
Gas Gate Station and Interconnect Pipeline 0.2 0.5
LNG Storage 15.5
LNG Trains 22.9
LNG Truck Loading 0.2
LNG Vessel Loading 2.4 5.7@
Power, Water and Communications 0.7 0.8
Security, Support and Standby Tug Berthing 0.1
Internal Roads and Parking 9.3 1.3
Other Site Preparation and Grading (Miscellaneous
Disturbed Area) 5.7 13.0 33.0
Subtotals 59.0 16.3 38.7
TOTAL 114 acres

Note:
(a) Includes approximately 5 acres of open water.
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14 PROCESS DESCRIPTION

For the process of liquefaction, Magnolia is proposing to use its highly efficient and
patented OSMR® technology. The process is based on a simple single MR cycle, but the
performance is significantly enhanced by the addition of conventional combined heat and power
technology and conventional industrial ammonia refrigeration. These enhancements result in an
efficiency improvement of at least 30 percent resulting in 30 percent less emissions.

As with all liquefaction technologies, the process of liquefaction involves removal of
certain components, such as dust, acid gases, water, and heavy hydrocarbons, which could cause
difficulty downstream at cryogenic temperatures. The natural gas is then condensed into a liquid
at close to atmospheric pressure by cooling it to -260°F in a heat exchanger. Essentially, the
liquefying of the treated feed gas is achieved by circulating a separate refrigeration circuit
through the same heat exchanger. With the OSMR® liquefaction process, existing and proven
technologies are used more innovatively to achieve better performance, and this section contains
a more detailed description of the OSMR® LNG trains.

Magnolia proposes to use four OSMR® LNG trains each with a nominal capacity of 2.0
mtpa. Each LNG train would contain two independent parallel SMR circuits, each containing a
33-MW GE PGT25+G4 gas turbine driving a GE Nuovo Pignone model BCL805 single-stage
centrifugal compressor.

Full and stable gas turbine power for these main refrigerant compressor drives would be
achieved by using ammonia refrigeration to cool the inlet air into each turbine, thus increasing
the output of the gas turbine. In addition to this, ammonia would be used to pre-cool the feed
gas and the MR prior to entering the cold box. These features would combine to achieve an
increase in plant capacity of 30 percent. This would enable the LP outlet MR stream from the
cold box to return to the main compressor at a lower temperature, thereby significantly
improving the compressor performance.

The effect of ammonia cooling on plant capacity and the fact that it would consume no
additional fuel is substantial. Ammonia cooling would cause an increase in LNG plant capacity
of around 30 percent without increasing the size of the major components of the liquefaction
plant, namely the cold box, gas turbine, and MR compressor. These two simple enhancements of
cooling gas turbine air and pre-cooling the MR would be major contributors towards the
reduction in air emissions per unit of LNG produced. Minimizing air emissions was a key
criterion in the design of the Project.

1.4.1 Gas Pre-Treatment Plant

The pre-treatment plant would comprise a gas sweetening plant and a dehydration plant
which would remove components (principally CO,, water, and any small amounts of BTEX) in
the gas pipeline that would otherwise freeze solid or block the cold box exchangers at cryogenic
temperatures.
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Feed gas would enter at the Gas Gate Station at a controlled pressure and would pass via
an inlet filter coalescer to separate any liquids prior to entering the Amine Unit. CO; in the gas
would be removed using a proprietary amine solution in an absorber column. CO, would be
removed to approximately 50 parts per million (ppm) in the contactor and the separated CO,
would be vented to atmosphere. The water saturated gas then would be cooled to about 59°F
(hydrate point is approximately 48°F) using the auxiliary refrigeration system and passed via a
knock-out separator to remove bulk water from the gas and then routed through the molecular
sieve bed dryers to remove most of the remaining water. Condensed water, along with trace
amounts of amine, removed from the cooled gas stream would be recycled to the amine system
as makeup water.

Gas with a water content of about 20 pounds per million standard cubic feet would
enter the dehydration plant which would remove water down to less than 1 ppm. The
dehydration plant would include three molecular sieve vessels. Two vessels would be in
adsorption mode while the third vessel is being regenerated at full system pressure using a
side stream of dry gas. Heating of regeneration gas would be provided by HP steam.

Wet regeneration gas exiting the dryer would be cooled to condense the water. The
stream would be regulated to meet the required fuel gas pressure and the condensed water would
be separated in a filter separator. This water would be returned to the amine sump as makeup
water. The saturated gas stream would be heated to meet the required dew point before entering
the gas turbines as HP fuel gas. No recycle compressor or fuel gas booster compressor would be
required for regeneration gas since it would all be consumed as HP fuel gas. Any shortfall in
fuel gas would be made up from the dry gas stream.

A mercury removal unit would be provided after the molecular sieve dust filters to
ensure any mercury in the gas is removed prior to entering the liquefaction unit.

1.4.2 Liquefaction and Boil-Off Gas

The treated gas would be liquefied using an OSMR® plant comprised of a simple vapor
compression cycle process. The MR would be comprised of nitrogen, methane, ethane, and n-
butane.

Two separate independent parallel refrigeration circuits would be provided, each
comprising a MR compressor, MR air cooler, CIK exchanger, and a main plate fin heat
exchanger (cold box) and suction scrubber. The treated gas would split into two feed lines and
enter each at a pressure of 100 pounds per square inch gauge (psig) at about -260 degrees
Fahrenheit (°F) and would flow to the LNG storage tank. The refrigerant compressor would be
driven by highly fuel-efficient low-emissions aero-derivative gas turbines. Fuel for the gas
turbines would be provided by molecular sieve regeneration gas and by a small quantity of
makeup feed gas. Prior to entering the cold box, the MR would be cooled in the CIK Exchanger
using ammonia at a pressure of 44 psig and temperature of 30°F.

The MR for each cold box would be compressed to 600 psig by a single-stage centrifugal
compressor directly driven by a gas turbine. The heat of compression would be removed by fin-
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fan air coolers. The HP MR would then be partially condensed in the CIK using ammonia
refrigerant. The HP MR would then be fully liquefied in the cold box and expanded (partially
flashed), using Joule-Thomson effect, thus providing the refrigeration for the system. The LP
MR would provide the refrigeration in the cold box and cool MR vapor would return to the
compressor via the suction scrubber. The flashed vapor and BOG would be recovered from the
LNG tank by two identical high-efficiency two-stage integrally geared BOG compressors. Only
one compressor would operate during normal operation while the second unit would be started
during LNG vessel loading. LNG would be sprayed into the vapor return line from the LNG
vessel during loading to maintain constant vapor temperature entering the LNG storage tank and
therefore constant suction (-238°F) and constant discharge (-76°F) temperature on the BOG
COMPressors.

The BOG and flash vapor would be compressed to 100 pounds per square inch absolute
(psia) and would return to the cold box where it would be substantially re-liquefied. The
re-liquefied BOG would be separated and liquid methane would return to the LNG tank. A
schematic of the OSMR® process is shown on Figure 1.4-1.
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1.4.3 Refrigeration Circuits

Refrigeration to liquefy the feed gas would be provided principally by the SMR
supplemented by ammonia refrigeration at the warm end of the cycle. The ammonia
refrigeration plant would be powered by “free waste energy” generated by the CHP plant. The
sizing of the ammonia refrigeration plant would be based on the spare power available from the
CHP plant after all other heat users in the plant have been met. This ensures optimum use and
balance of all available energy. The ammonia refrigerant would first be applied to cooling wet
gas from the amine contactor then applied to cooling inlet air to the gas turbines to increase
power, and the remainder would be used in pre-cooling the MR.

The ammonia refrigeration would use a conventional industrial refrigeration process
comprised of steam turbine-driven centrifugal compressor, condensers, separator vessels, pumps,
pipework, instrumentation, and control system (see RR 13, “Engineering and Design Material”
for additional information).

1.4.4 Cold Box and Ammonia Pre-cooler

Each LNG train would comprise two parallel cold box/ammonia pre-cooler assemblies.
Each assembly would comprise a conventional CIK exchanger mounted on a cold box, which
encloses six parallel cores manifolded together with a common MR separator vessel. Only four
streams are required within each cold box core so the configuration is very simple when
compared to alternative LNG processes and typical ethylene processes. The differential
temperatures between streams and resulting thermal stresses inside the cores would be within the
limits required by the Aluminum Plate-Fin Heat Exchanger Manufacturers Association standards
and would comply with the heat exchanger manufacturer’s requirements under all operating
conditions. Start-up (including cool-down) and shutdown procedures and control systems would
ensure that thermal stresses are kept within limits during steady-state and transient operating
conditions including process upsets. The ammonia would cool the HP MR stream before it
enters the cold box, thereby ensuring that low-temperature MR would return to the compressor
suction, resulting in improved compressor performance.

1.45 Combined Heat and Power System

Proven CHP technology would be employed to recover the waste heat from the gas
turbine so that all the process heat and steam power requirements for the plant are met, including
all steam power for the ammonia refrigeration system. Steam would be generated via OTSGs
which would generate HP steam to power a single pressure steam turbine generator, as well as
supply the required quality of steam to various process heat users. OTSGs would be used to
simplify the steam system design, again reducing the number of equipment items. No bypass
stack or diverter damper would be required, so gas turbine(s) could continue to run and produce
LNG even if the OTSG(S) were not operating.

Waste heat from the two gas turbines used in the MR refrigeration plants would be
recovered to produce steam, which would be used in the CHP plant to provide plant heating and
power. An auxiliary boiler fueled by lean flash gas produced from the BOG system also would
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be used to supplement the steam production (refer to RR 13, “Engineering and Design Material”
for complete details).

146 Reliability

Although the process would be highly integrated, which is necessary to achieve high
efficiency, the overall plant availability would exceed 96 percent. This is mainly due to the fact
that, if one gas turbine is down for maintenance, the plant would still run at half capacity. Also,
if an ammonia compressor fails, the plant capacity would simply reduce slightly.

15 CONSTRUCTION SCHEDULE AND PROCEDURES
1.5.1 Schedule

Construction is projected to begin in mid-2015 (July 1, 2015) with proposed facilities
placed into service by June 2018 as shown on the Project schedule in Appendix 1.D. If approved
by the Commission, the construction timeline is expected to take approximately 36 months to the
start-up of Train 1 of the proposed LNG facility (July 1, 2015 through June 30, 2018). It is
estimated that there would be a three-month period between the commissioning of each
successive train thereafter (June 1, 2018, through March 30, 2019). Thus, Train 4 would be
commissioned nine months (March 30, 2019) following commissioning of Train 1. To
summarize, the construction timeline is expected to take approximately 36 months to the start-up
of Train 1 and an additional nine months for commissioning of the final trains.

1.5.2 Construction Laydown and Staging Areas

The requirement for laydown areas during construction is included within the
approximately 115-acre Project site; the staging area within the DII facility would be located
immediately to the east of the Project site. ~ These areas are identified in Section 1.3, “Land
Requirements.” Refer to Figures 1.3-1 through 1.3-3 for additional details.

1.5.3 Construction Employment

The construction of the Project would provide a stable source of income to the Louisiana
and Gulf Coast communities. Louisiana in particular would benefit from the on-site
construction, as the majority of the construction workforce would be sourced from the Project
state. Furthermore, the state and local economies would benefit from the Project once the LNG
facility is commissioned and fully operational. The expected operational life of the Project is 30
years minimum.
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A summary of the on-site manpower projection during construction of the Project is
presented below:

e Direct Subcontractor Labor
Peak Manpower = 443 Men @ peak months of Project
Average Manpower = 291 Men over lifespan of construction
Man hours = 1,546,100

e Indirect Subcontractor Labor
Peak = 68 Men @ peak months of Project
Average Manpower = 44 Men over lifespan of construction
Man hours = 309,220

e Construction Management Labor
Peak Manpower = 31 Men @ peak months of Project
Average Manpower = 20 Men over lifespan of construction
Man hours = 142,377

e Total Project Labor
Peak Manpower = 542 Men @ peak months of Project
Average Manpower = 355 Men over lifespan of construction
Man hours = 1,997,697

1.5.4 Construction Procedures
1.5.4.1  Site and Foundation Preparations
Onshore Site Preparation
Onshore Site preparation activities would include the following steps:

e Contractor would mobilize onto site from existing gravel road at the southwest corner
of the property, from Henry Pugh Boulevard as shown on Figure 1.5-1.

e Contractor would conduct initial surveying of property lines, pipelines, and other
property features, as deemed appropriate.

e Contractor would install appropriate erosion control measures along the property line
and at existing primary property outfalls in accordance with site specifications for the
Project.

e Starting from the southwestern property line (see area 1 on Figure 1.5-1), Contractor

would begin site clearing in accordance with site specifications for the Project. The
clearing stripping path is in the west-to-east direction in a north-south pattern as
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shown by the arrows on Figure 1.5-1. Debris would be collected and disposed of
off-site in compliance with local requirements.

e After the clearing operations, Contractor would begin stripping/grubbing of topsoil.
Topsoil would be stockpiled on the west end of the property for reuse on-site, as
needed. Grubbed material would be placed and disposed of with the clearing
material.

e As the stripping/grubbing operations move in an easterly direction, survey crews
would come in to set up the cut-and-fill grids on the property.

e Contractor would begin cut-and-fill operations after all stripping and survey work is
complete.

e Contractor would begin cut, fill, and rough grading operations in the east-central (see
area 2 on Figure 1.5-1) location of the property at the highest elevation, moving fill as
directed by the cut-and-fill plan to lower areas, the most significant located in the
northeast and southwest portions of the Project site, installing drainage swales, and
establishing any additional erosion control measures that are deemed necessary,
including their maintenance.

e In parallel with the cut-and-fill operations, Contractor would begin work on the
property’s westernmost road, truck-load out road, with the installation of the sub-
base.

e In conjunction with the cut, fill, and site grading activities, Contractor would begin
work on the heavy-haul road work.

e As cut, fill, and rough grading operations are complete, Contractor would continue
with remaining plant roads, drainage system, parking lots, and temporary facilities
planned.

Foundations Preparation

The tract of land where the Project is proposed to be located was previously used to
deposit dredge material from excavation of the Industrial Canal and the turning basin.

A geotechnical investigation was undertaken and field work was completed during the
month of September 2013 to determine the properties of the underlying soils at the proposed
Project site (Fugro Consultants Inc. 2013). The outcome of this geotechnical investigation
allowed evaluation of:

e suitable ground improvement techniques for the areas of the LNG storage tank and
the LNG trains, if necessary;

e piling design options; and
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e the best approach for excavating, dredging and constructing the LNG vessel loading
facility.

The existing dredged spoil would ultimately need to be deposited off-site (refer to
Section 1.5.4.2, “LNG Vessel Loading Facility Construction,” for additional information).
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15.4.2 LNG Vessel Loading Facility Construction

The LNG vessel loading facility would be recessed into the northern boundary of the site
as shown on Figure 1.1-6. To create the recessed berthing and waterway access area, a
combination of onshore excavation and dredging would be required at the site. The Project site
would be graded to a standard elevation of 28 feet above North American Vertical Datum of
1988 (NAVD 88). The LNG trains would have a base elevation of 24 feet. The LNG tanks
would have a base elevation of 17 feet above NAVD 88, but would have a secondary
containment wall with a standard top elevation of 30 feet above NAVD 88.

Based on a proposed final grade elevation for the facility of 28 feet above NAVD 88, the
Project would require the dredging of approximately 862,550 cubic yards of sediment and soil
from a 16.20-acre area required for the recessed ship berthing on the south shore of the
Industrial Canal (approximately 9.80 acres are existing uplands and 6.40 acres are existing
water bottoms or submerged). Approximately 131,200 cubic yards of soils would be
excavated from upland areas and placed on-site. The final volume of these soils has not been
determined as this is dependent on final facility earthworks design. Upland soils would be
excavated and relocated on-site using backhoes, front-end loaders, bulldozers, and similar
equipment. The dredging would be accomplished by using a hydraulic cutterhead dredge with
a pipeline directing spoil material to approved upland contained disposal sites.

Magnolia’s current plans include hydraulically dredging 862,550 cubic yards of
material from the recessed ship berthing and transporting this material by pipeline to an upland
reclaimed borrow pit located approximately 8,000 feet east of the Project site, just east of the
CB&l (formerly Chicago Bridge & Iron Company) modular fabrication facility located on Big
Lake Road. The reclaimed upland soil borrow pit is 1,000 feet by 2,000 feet with an
approximate depth ranging between 12 and 15 feet. It encompasses 46 acres of a 160-acre parcel
of undeveloped land that is zoned for heavy industrial use and is currently used by CB&I for
staging and laydown as shown on Figure 1.5-2. The dredged material from the Project would be
beneficially used to reclaim the borrow pit to its original upland condition. The proposed
reclamation site is located outside of the Louisiana Coastal Zone (LCZ), 3,200 feet east of the
Industrial Canal. Magnolia’s dredge-and-fill permit application to the USACE will include
details about the disposal of dredge spoil.

Dredging would be accomplished by use of a hydraulic cutterhead suction dredge with
spoil material routed through a pipeline to the approved spoil disposal location. The dredge
would swing back and forth to slowly cut away the nearshore sediments and shoreline to
establish the specified dimensions and depths of the recessed berthing area.

Suction dredging reduces impacts to water quality as compared to some other dredging
methods because the excavated material is suctioned into a pipeline minimizing the loss of
material and resuspension of sediments into the water column. To further minimize dispersion
or sedimentation of the water column, the following measures would be implemented when
required:
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e Reduction of cutterhead rotation speed to reduce potential for side casting sediment
away from the suction entrance and re-suspending sediment (typically effective on
relatively loose, fine-grain sediment).

e Reduction of swing speed to ensure that the dredge head does not move through the
cut faster that it can hydraulically pump the sediment, thus reducing resuspended
sediment.

e Eliminating bank undercutting by removing the sediment in maximum lifts equal to
80 percent or less of the cutterhead diameter.

The selected contractor also may be required to periodically monitor suspended sediment
concentrations during excavation to ensure suspended sediment concentrations do not exceed
threshold standards established by the regulatory agencies during project permitting. If turbidity
levels exceed these thresholds, then mitigation measures may be applied, such as turbidity
control structures (e.g., turbidity curtains around immediate dredging area) or a temporary
shutdown of dredging activities. The protocol for water quality monitoring and implementation
thresholds and authorizations for mitigation measures will be outlined in the Dredge Material
Management Plan to be developed prior to commencement of dredging operations.

Since cutterhead dredging is generally not associated with significant turbidity issues at
the dredging site, turbidity modeling prior to Project commencement is not anticipated to be
required.

Dredging approval would be obtained from the USACE and material would be disposed
of in accordance with the permit conditions and in conjunction with the Port of Lake Charles and
the USACE. The exact size and location of the recessed area is shown on Figure 1.1-6.

The LNG carrier and barge loading facility would be constructed using a combination of
2,005 feet of steel sheet pile bulkhead combined with appropriate rock armoring at the sheet pile
base and along the east and west ends of the mooring basin. There would be four primary
breasting dolphins, plus one center protective breasting dolphin with a bumper panel only (refer
to Figure S200 and S301 of Appendix K in CEIl Volume, RR 13) constructed by installing 96-
inch-diameter steel pilings in the water adjacent to the terminal jetty/pier to support the fendering
system and equipment required to moor LNG carriers and LNG barges. More engineering would
have to be performed before the installation depth of the steel piles for the breasting and mooring
dolphin structures can be finalized. Based on preliminary information, the tip of these piles may
be installed to approximately 110 feet below the bed of the Industrial Canal in order to develop
the load-carrying capacity that is anticipated for these structures. Six mooring points would be
constructed onshore landward of the steel sheet pile bulkhead to provide additional mooring
leads for the design range of LNG carriers and LNG barges.

72



Figure 1.5-2
Chicago Bridge & Iron Company Pit
Site Boundary

Magnolia LNG
Calcasieu Parish, Louisiana

Legend
D Proposed LNG Facility Boundary

D Chicago Bridge & Iron Company Pit
Prairie Land Co Property

0.25 0.5 Miles
L ]

1:14,000

Source- ESRI 2011-2012, SONRIS 2014
Image Date- 08/27/2013

Date: 4/15/2014




MAGNOLIA

RESOURCE REPORT 1. General Project Description

This page left blank intentionally.

74



MAGNOLIA

RESOURCE REPORT 1. General Project Description

The LNG loading platform would be constructed of reinforced concrete with approximate
overall dimensions of 128 feet long and 70 feet wide. A combination pipe and roadway trestle,
approximately 26 feet wide and 128 feet long (located landward of the sheet pile bulkhead),
would connect the LNG loading platform to the onshore liquefaction plant. The LNG loading
platform would be supported by 24 concrete cylinder piles driven into the bed of the Industrial
Canal and by the sheet pile bulkhead wall at the rear. The LNG loading platform would support
three 16-inch LNG loading arms and one 16-inch vapor return arm for loading the LNG carriers,
and one 8-inch LNG loading arm with a piggyback mounted 6-inch vapor return arm for loading
LNG barges. More engineering would have to be performed before the installation depth of the
concrete piles for the loading platform can be finalized. Based on preliminary information, the
tip of these piles may be installed to approximately 110 feet below the bed of the Industrial
Canal.

Additional equipment installed on the LNG loading platform would include three
elevated firewater monitors towers, platform-level firewater monitors, a dry chemical system, a
marine gangway, LNG process piping, and utilities. All marine structures would be connected
by walkways extending east and west to the breasting dolphins. Figure 1.5-3 shows the steel
sheet pile bulkhead, breasting dolphins, and the configuration of the Project’s LNG loading
platform.

The steel sheet bulkhead would be installed by use of vibratory hammer or a hydraulic
pile driver. The five monopile steel breasting dolphin foundations also would be installed using a
hydraulic pile driver. Likewise, the 24 cylindrical concrete pilings supporting the LNG loading
platform would be installed using a hydraulic pile driver. The steel and concrete piling would be
driven into the bed of the Industrial Canal to a depth to be confirmed by Project engineers. The
rock armoring at the base of the steel sheet pile bulkhead, along the east and west ends of the
marine basin and around the base of the LNG loading platform and breasting dolphin piles would
be installed by crane or long-reach backhoe placement of the rocks into the water to provide
protection to the bulkhead and shoreline from erosion caused by scour from the LNG carriers, or
LNG barge tugs. The rock armoring would be delivered to the site by barge. Preliminarily, the
anticipated shoreline protection at the base of the sheet pile wall around the basin would consist
of an approximately 2-foot-thick W5, = 30# bedding stone layer with a 3-foot-thick armor stone
that is Wso = 600#. However, the exact details for shore-line protection including size, type, and
quantity of rock armoring required will be developed during detailed engineering design and
after the scour study has been completed.
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1.54.3 LNG Trains

The LNG trains would be designed, constructed, operated, and maintained in accordance
with USDOT Federal Safety Standards for Liquefied Natural Gas Facilities, 49 CFR Part 193.
The LNG trains would also meet the NFPA 59A LNG Standards. RR 11 includes information
about reliability and safety of the Project.

After site preparation and prior to commencing construction of the Project, it would be
necessary to construct access roads to the process areas (see Section 1.5.4.1, “Site and
Foundations Preparations” for additional details).

As part of the evaluation process, two different methodologies were considered for the
construction of the LNG trains: modular construction and stick-build construction. These two
methodologies are described in more detail in the alternative analysis (RR 10). Based on the
engineering analysis performed, modular construction would be used for the assembly of the
LNG trains. For information regarding the shipment of equipment and materials to the Project
site, refer to Section 1.5.4.9, “Materials and Equipment Delivery and Off-site Concrete Batch
Plant.”

Each LNG train would be broken down into five main process modules. These modules
would be fabricated off-site in a regional construction yard and then transported to the site via
barge. The barges would deliver the LNG process modules and other equipment to the existing
dock at the DII facility located immediately east of the Project site. Water access to the site
would be via the Gulf Intracoastal Waterway, the Calcasieu River and the Industrial Canal. The
barges would need to arrive in a certain sequence to allow efficient assembly of the LNG trains.
Each LNG train would require a total of three barges to deliver the modules to the site as shown
in Table 1.5-1.

Table 1.5-1 Barge Arrival Sequence per Train

Barge Arrival Sequence | Modules/Components on Barge

. . =  Module 5
First Arrival . Module 4
=  Module 3
Second Arrival =  Module 2

= LNG Tank Platform A @
=  Module 1

* LNG Tank Platform B @

Third Arrival = Fire System Skid

= BOG Compressor Skid
= Other skids

Note: (a) First train only.

The four LNG trains are expected to require 12 barge deliveries in all. It is possible that
one or more LNG train modules could be constructed at the adjacent DII facility which could
reduce the number of barge deliveries required to construct the LNG trains. The modules then
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would be transferred from the barge and into final position using SPMTs. The SPMTs would
wheel each process module sequentially into position and then lower each module onto piled
supports. Smaller modules would be lifted into position by crane(s), as necessary.

1544

LNG Storage

The LNG storage tanks would be site-erected using conventional full-containment
construction techniques. A high-level summary of the construction activities is as follows:

Preparation of site and installation of foundations. The proposed foundation
arrangement for each LNG storage tank would include the use of 1,508 pre-stressed
concrete piles of 2 feet by 2 feet in cross-section by 70 feet in length. The two LNG
storage tanks would have a combined total of 3,016 piles. The piles would be driven
by hydraulic hammer as is typical of these installations. The installation would occur
over a multiple-month period (see schedule at Appendix 1.D) due to the number of
pilings required (refer to RR 13, “Engineering and Design Material’) for the proposed
arrangement and piling specifications and numbers.

Construction of the tank base and post-tensioning of the outer concrete container
wall.

In parallel to the outer concrete container wall construction above, the steel dome roof
and suspended deck would be constructed on temporary supports inside the outer
container, to be later air-raised into position.

Bottom carbon steel vapor liner to be installed.

On top of the outer concrete container wall, the steel dome roof compression ring
would be cast into the concrete then the steel dome roof would be air raised into
position and secured to the compression ring.

Installation of roof nozzles, penetrations, and studs plus steel reinforcement and
concrete covering of the steel dome roof would be undertaken.

Concurrent with the roof nozzles and penetrations, work would commence on the
inner 9 percent Ni steel container, including the secondary bottom, bottom corner
protection, inner container annular and bottom plates.

Commence erection of the inner tank 9 percent Ni steel shell.

Install internal accessories such as pump columns, bottom and top fill, instrument
wells, and purge and cool-down piping.

Install roof platforms, walkways, pipework and pipe supports.

Hydrostatic test on the inner tank.
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e Pneumatic test on the outer tank as per American Petroleum Institute (API) 620
procedures.

e Install process piping from tank top down to grade.

e After the hydrostatic test, the tank would be washed down and cleaned.

o Install resilient blanket on the outside of the inner tank shell.

e Install the required instrumentation inside the tank and annular space.

e Expand perlite insulation into the tank annular space using vibration methods.
e Install suspended deck blanket insulation.

e Install external piping insulation.

e Visual inspection.

e LNG pumps would then be installed; tanks would be purged with nitrogen to a
positive gauge pressure.

e Purge and cool-down.

1545 Pressure Testing of Pipe Sections and LNG Storage Tanks

Pipe sections would be either hydrostatically or pneumatically tested depending on the
type and intended function of the pipe. Prior to being placed into service, the LNG piping would
be tested to ensure structural integrity. The cryogenic piping would be pneumatically tested and
the non-cryogenic piping would be hydrostatically tested. In general, cryogenic piping would be
pneumatically tested with dry air or nitrogen at 1.1 times the design pressure, while non-
cryogenic piping would be hydrostatically tested using water from the Calcasieu Parish District
12 Water Works at 1.5 times the design pressure. Testing would be in accordance with
American Society of Mechanical Engineers (ASME) standards.

The inner 9 percent Ni stainless-steel container of the LNG storage tank would be
hydrostatically tested using water from the nearby Calcasieu River Industrial Canal. It is
anticipated that the hydrostatic test level of each tank would be conducted by filling each of the
tanks to a height of 73.5 feet, thus requiring a volume of 3.49 million cubic feet (26.2 million
gallons) of water for the testing of each LNG storage tank, each with an inside diameter of 246
feet. It is anticipated that hydrostatic testing of LNG storage tanks would be conducted one at a
time, allowing the water from the first hydrostatic test to be reused for testing the second LNG
storage tank (refer to RR 2, “Water Use and Quality,” for additional information).
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After the hydrostatic test is completed for the last LNG storage tank, the water would be
tested, treated (as necessary), pumped out of the tank, and discharged into Calcasieu River
Industrial Canal in a location and manner to be determined and in accordance with applicable
permits and regulations. Because water from the nearby Calcasieu River Industrial Canal would
be used to perform the hydrostatic testing of the LNG storage tanks, the inside of the tank walls
would be cleaned using a clean, clear power-wash to remove any silt particles that may adhere to
the inner walls of the LNG storage tank. The power-wash would be conducted in accordance
with vendor specifications. Typically, a small boat is installed in the tank’s interior prior to the
start-up of the test. The small boat would float up with the rising water level. When emptying of
the tank is about to begin, an operator gets in the boat and power-washes the sides of the tank as
the water level recedes. Magnolia does not anticipate the use of any biocides or additives to the
hydrostatic test water.

1.5.4.6 Site Restoration

Magnolia has prepared preliminary drafts of the Project-specific Upland Erosion Control,
Revegetation, and Maintenance Plan (Plan) and Wetland and Waterbody Construction and
Mitigation Procedures (Procedures) based, respectively, on the FERC’s Revised Upland Erosion
Control, Revegetation, and Maintenance Plan and Wetland and Waterbody Construction and
Mitigation Procedures, dated May 31, 2013. The Project-specific Plan and Procedures are
provided in Appendix 2.C of RR 2, “Water Use and Quality.”

Magnolia LNG’s Project-specific Plan and Procedures call for appropriate erosion control
and soil stabilization including post construction planting of grasses. Because the entire
construction area (114 acres) would also be used during operations, no planting of native trees or
similar activities to restore original site grades or vegetative communities is proposed.
Following soil stabilization and grass planting, the Project site outside of the developed
infrastructure would consist of grassy surfaces, such as a upland meadow where vegetation is
maintained in a graminaceous or weedy state due to mowing activities. Once finalized, the
Project-specific Plan and Procedures for site restoration would be submitted to the Commission
for review and approval by the Director of the Office of Energy Projects.

1.54.7 Pipeline Interconnect

Feed gas would be transported to the site via an existing 42-inch interstate gas pipeline
owned by KMLP that passes directly through the Project site. The KMLP pipeline crosses
beneath the Project site and can be accessed without crossing outside the property boundary.
The 42-inch KMLP pipeline traverses the southern portion of the site as shown on Figure 1.1-5.
A tie-in would enable the pipeline to be connected to the Gas Gate Station within the Project site
boundary, via an approximately 75-foot-long interconnect gas pipeline.

Once the tie-in procedure has been completed, KMLP would construct the interconnect
pipeline and route the interconnect pipeline to the Gas Gate Station approximately 75 feet away.
KMLP’s system modifications to accommodate the Project will require a separate filing by
KMLP with the FERC under Section 7(c) of the NGA (refer to Section 1.13, “Transportation of
the Feed Gas to the Magnolia LNG Project”). On January 28, 2014, Magnolia executed a
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binding Precedent Agreement with KMLP for firm natural gas transportation service up to
1,400,000 dekatherms per day (Dth/d), sufficient to satisfy the full 8 mtpa capacity of the
Magnolia LNG Project. The Precedent Agreement served as Magnolia’s binding bid in KMLP’s
recent open season for the Lake Charles Project, through which Magnolia was awarded its full
1,400,000 Dth/d bid.

The interconnect pipeline would be made of carbon steel pipe, manufactured in
accordance with APl and/or ASME specifications. Pipelines would be designed to comply with
USDOT safety regulations contained in 49 CFR Part 192 and USDOT safety design regulations.

1.5.4.8  Construction Site Drainage

During construction, land is susceptible to erosion and sedimentation as a result of storm
events and construction activities. Magnolia has prepared a draft site-specific construction
SWPPP?, including best management practices (BMPs) to prevent mobilization of soil particles
during construction and to capture those particles that do become mobilized and entrained in
stormwater during rain events (see Appendix 2.E in RR 2). Magnolia would perform
construction activities in accordance with the FERC’s Plan and federal and state requirements
and would implement BMPs including silt fencing, sediment barriers, and washdown areas to
remove soil from vehicles before they exit the site.

During construction, stormwater runoff would be directed to designated, graded
catchment areas within the site. The water would then drain into a catch basin which would
overflow via a concrete overflow. The locations of these areas would be determined during
FEED. The overflow would occur in a controlled manner and would drain into the Industrial
Canal. Undisturbed areas of the site would retain their existing natural drainage.

1549 Materials and Equipment Delivery and Off-site Concrete Batch Plant

Depending on size, weight, and origin of the material/equipment, equipment would be
delivered either directly to the site via ground transportation utilizing local highway routes or by
barge via the existing unloading dock, operated by DII, within the modular building yard
immediately to the east of the Project site. An estimated 20 to 30 barge trips would be required
to transport equipment to the site (LNG trains and LNG tank inner walls).

® The LPDES is authorized under the USEPA’s delegated NPDES program (which is authorized under the Clean Water Act) and
promulgated through LAC Title 33:X1.2503. A water quality certification is required for all projects that obtain a coastal use
permit or a Section 404/10 permit.

The LPDES Stormwater Permit Program is administered through LDEQ under LAC 33:1X.2511.B. For construction activities
that disturb 5 acres of land or more, for applicable activities (clearing, grading, and excavation for construction activities), a
Notice of Intent (Form NOI CSW-G) for LPDES Stormwater General Permit LAR100000 must be submitted to LDEQ detailing
activities and discharges. The activities and discharges must be protective of threatened and endangered species, cultural
resources, and TMDL limits on receiving waterbodies, and the requirements of the SWPPP must be met. Coordination with the
LDWEF and the Louisiana SHPO will be required to discharge stormwater from the proposed Project site. This coordination is
typically conducted in coordination with the Section 404/10 permit and the WQC required under Section 10 of the Clean Water
Act.
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A preliminary estimate of approximately 5,000 pre-stressed concrete pilings would be
required to create the foundations for the LNG storage tanks (3,016 pilings) and other process
equipment foundations and structures. Pilings for the Project would be shipped via barge from
one or more precast concrete pile vendors. One local vendor stated that 150 precast concrete
pilings could be loaded on each barge and four barges could be pushed by a single tug on each
delivery voyage. As such, concrete piling deliveries would require about nine additional marine
deliveries consisting of a tug boat with four barges in the tow.

Additional marine deliveries would be required for steel sheet pile for the mooring basin,
pilings for the LNG loading platform, pilings for the mooring dolphins, specialized marine
mooring equipment, and the rock armoring to protect the base of the steel sheet pile seawall and
mooring equipment. An additional six to eight marine deliveries (tug and barge combinations)
could be required for these marine components and materials. Five additional tug and barge
combination deliveries are anticipated for miscellaneous components and construction materials.
In total, Magnolia estimates 50 or fewer marine deliveries during construction of the Project.

The volume of concrete required for the Project would be provided by an off-site existing
concrete batch plant located within a 3- to 5-mile radius of the site. Concrete would be delivered
by road in concrete trucks. Currently, Magnolia is in conversations with several concrete batch
plant providers in the vicinity of the Project site. Among possible suppliers of concrete for the
Project is the Dunham Price concrete batch facility located on West Lincoln Road, near the
Lakes Charles airport, about 5 miles east of the Project site. Dunham Price is considered the
largest supplier of aggregates and concrete in Southwest Louisiana. Estimates of the Project’s
roadway construction traffic are discussed in RR 5, “Socioeconomics.”

1.6 OPERATIONS AND MAINTENANCE

All Project operations and maintenance (O&M) personnel would be trained to properly
and safely perform their assigned duties and responsibilities. Operators would be trained in the
handling of potential hazards associated with LNG, cryogenic operations, and the proper
operations of all the equipment. The operators would meet all the training requirements of the
USCG, the USDOQOT, the Louisiana State Fire Marshall, and other regulatory entities, as well as
the requirements of the Project.

Magnolia would develop and implement an Operations Execution Plan (OEP) that
describes the operational approach and activities through engineering, procurement, construction,
commissioning, start-up and into the operational phase of the Project.

The main objectives of the OEP are:

e to align operations and management, in order to achieve the Project objectives;

e to ensure focus on start-up and initial operation; and

e to provide a list of activities that require addressing during design through to
commissioning.
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The OEP would describe the activities required to achieve “right-first-time” approach for
the life of the Project.

The Project’s full-time maintenance staff would conduct routine maintenance and minor
overhauls. Major overhauls and other major maintenance would be handled by bringing in
maintenance contractors’ personnel specifically trained to perform the required services. All
scheduled and unscheduled maintenance would be entered into a computerized maintenance
management system.

Personnel requirements must enable a high level of safety for both production and
maintenance, and would include positions such as:

Plant Manager

Marine Operations Manager

Operations Manager

Maintenance Manager

Shift Supervisors

Field Operators

Control Room Operators
Instrument/Electrical/Mechanical Technicians
Health, Safety and Environment Manager
Tug crews and Dock crews

Materials Coordinator

CMMS Scheduler

e Plus others

There are estimated to be 67 Magnolia site personnel once the facility is operating at full
LNG capacity of 8 mtpa. As an extension to the core operations and maintenance team of 67 site
personnel, specialty third-party contractors would be contracted periodically to assist with
maritime operations and scheduled preventative maintenance of the facility. Furthermore, due to
the nature of shift work and periodic LNG vessel/trucking operations, approximately 45 site
personnel are expected to be on-site during the day hours. During night hours, this would be
reduced further when some of the administration, maintenance, and other site personnel depart
the site. Appendix A.1 in Resource Report 13, “Engineering and Design Material,” contains an
organizational chart for the operations and maintenance phase.

1.7  SAFETY

The Project facilities would be designed, constructed, operated, and maintained in strict
accordance with PHMSA Federal Safety Standards for Liquefied Natural Gas Facilities, 49 CFR
Part 193. In addition, the Project would be designed to meet all USCG standards in 33 CFR Part
127, Waterfront Facilities Handling Liquefied Natural Gas and Liquefied Hazardous Gas. The
facilities would also meet the NFPA 59A LNG Standards. Safety controls and the role they play
are addressed in more detail in RR 11, “Reliability and Safety.”
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1.7.1 Spill Containment

The LNG and MR spill containment systems for the Project would be designed and
constructed to comply with USDOT - Federal Safety Standards for Liquefied Natural Gas
Facilities (49 CFR Part 193); USCG - Waterfront Facilities Handling Liquefied Natural Gas and
Liquefied Hazardous Gas (33 CFR Part 127); Standard for the Production, Storage, and Handling
of Liquefied Natural Gas (NFPA 59A- Applicable versions of this standard are incorporated in
49 CFR 193 (per § 193.2013); and all other applicable federal and state regulations. These
regulations require that each LNG container and each LNG transfer system be provided with a
means of secondary containment sized to hold the quantity of LNG that could be released as a
result of the design spill appropriate for the area and LNG equipment.

The regulations also require transfer and storage areas for flammable refrigerants and
flammable liquids be graded, drained, or provided with impoundment in a manner that
minimizes the possibility of accidental spills and leaks that could endanger important structures,
equipment, or adjoining property or that could reach waterways.

1.7.2 Thermal Exclusion and Vapor Dispersion Zones

The LNG storage tanks proposed for the Project must comply with the USDOT’s siting
requirements at 49 CFR Part 193, subpart B which incorporates the 2001 edition of the NFPA
59A. As specified in 49 CFR Part 193.2057, thermal radiation protection requires that each LNG
container and LNG transfer system have thermal exclusion zones based on three radiation flux
levels in accordance with Section 2.2.3.2 of NFPA 59A.

The thermal exclusion zones are designed to protect people and property in the event of
an accident and fire at a LNG facility. For the proposed Project, exclusion zone distances for
various heat flux levels associated with the LNG storage tanks were calculated according to 49
CFR 193.2057 and section 2.2.3.2 of NFPA 59A, using the “LNGFIRE I1I” computer program
model developed by the Gas Research Institute. Thermal radiation distances were determined
for 1,600, 3,000, and 10,000 British thermal units per square foot per hour (Btu/ft>-hr) incident
heat flux levels for a fire from the full impoundment area surrounding the two proposed LNG
storage tanks. The 1,600 Btu/ft>-hr heat flux level is associated with an exposed person
experiencing burns within about 30 seconds. At 3,000 Btu/ft>-hr, an exposed person would
experience burns within 10 seconds; however, a wooden structure would not be expected to burn
in that time and would afford protection to sheltered persons. At 10,000 Btu/ft>-hr, clothing and
wood can ignite spontaneously. These thermal exclusion zone distances and the corresponding
land use restrictions are shown in Table 1.7-1.

The thermal exclusion zone calculations were based on the finalized LNG storage tank
dimensions detailed in RR 13. As the engineering design for the Project is still progressing and
detailed weather analysis has not yet been performed, the final exclusion zone calculations may
vary slightly. However, it is believed that, based on the current stage in the engineering design,
these distances would not vary by more than 5 percent.
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Table 1.7-1 Preliminary Magnolia LNG Thermal Exclusion Zones

Exclusion Area NFPA 59A Incident Flux  Exclusion
Source Section 2-2.3.2(a) (Btu/ft>-hr) Zone (feet)

Outdoor assembly area occupied by

LNG storage tank impoundment 1,600 951
50 or more people.

LNG storage tank impoundment Off-site structures gsed for 3,000 744
occupancies or residences.

LNG storage tank impoundment Property line that can be built upon. 10,000 403

Source: Daughdrill 2013.

Magnolia plotted the NFPA 59A thermal exclusion zones for the proposed Project on
a geo-referenced map that also contained the Project site boundaries and the 2012 LCZ
boundary. This information is included and discussed in detail in RR8, “Land Use
Recreation and Aesthetics.”

Vapor dispersion exclusion zones would be calculated for the proposed Project facilities
as required by 49 CFR Part 193.2057 and 193.2059 using the models approved by PHMSA.

For additional information about thermal exclusion and vapor dispersion calculations,
please refer to RR 11, “Reliability and Safety.”

1.7.3 Hazard Detection System

Hazard detectors for the Project would be installed throughout the facilities to give
operations personnel a means for early detection and location of released flammable gases and
fires. The hazard detection system would be designed in accordance with NFPA requirements
and other applicable standards. The hazard detection systems would consist of the following:

combustible gas

fire and flame

leak detection system
high temperature

low temperature
smoke detectors
toxic detectors

The hazard detection systems would be hard-wired to the main control system for alarm.
Area gas detectors would be provided to monitor flammable gases. Low temperature sensors
would be located at the spill impoundment basin to shut down and/or prevent the stormwater
pumps from starting in the event of an LNG spill. Ultraviolet/infrared fire and flame detectors
also would be located throughout the LNG terminal, and high temperature detectors would be
located to detect a fire on the vent pipes of the LNG storage tank relief valves. The toxic
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detectors would detect ammonia, CO,, and hydrogen sulfide and would be -calibrated
appropriately depending where in the plant they are located and what material they are calibrated
to detect (refer to RR 11 for additional information).

1.7.4 Hazard Control System

Several different types of fire suppression agents would be available for fighting fires
within the Project facilities. The type of agent that would be used in a specific situation would
depend on the characteristics of a particular event and on the relative effectiveness of the various
agents for that particular type of fire. Hazard control systems would consist of the following:

firewater system

high expansion foam system

sprinkler, water spray, and deluge systems
portable and wheeled fire extinguishers
fail safe shutdown system

security system

1.7.5 Firewater System

The Project would include firewater supply and distribution systems for extinguishing
fires, cooling structures and equipment exposed to thermal radiation, and dispersing flammable
vapors. Additionally, hydrants, hose reel, and fixed monitors would be strategically located for
the Project (see RR 11, “Reliability and Safety”).

The firewater system would be designed in accordance with NFPA requirements. The
proposed source of water supply for the firewater system would be from on-site aboveground
tanks. The tanks would be filled using groundwater from the groundwater wells. The deluge
system for the LNG storage tanks would access water from the Industrial Canal surface water by
using pumps. Refer to Section 2.2.4, “Water Use,” for additional information on the LNG tanks
deluge system.

Refer to Section 1.1.12.2, “Water Supply and Sewage Handling,” for water supply
requirement information. Refer to RR 11, “Reliability and Safety,” for additional details on the
firewater system.

1.7.6 High-Expansion Foam System

High-expansion foam concentrate would be metered or proportioned into the firewater
system by means of a typical balanced pressure foam proportioning system. The resulting foam
solution would be delivered via underground piping to the high-expansion foam generator
installed in the LNG spill impoundment sump. The high-expansion foam generator, Angus or
equivalent, would be water-motor powered, thus, no electrical power would be required. The
foam generator would produce nominal 500:1 high-expansion foam, i.e., 500 parts air for every
part foam solution. This foam would be applied to LNG spills, whether ignited or un-ignited.
Applied to ignited spills, the foam would control the fire, greatly reducing the level of radiant
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heat to the surroundings. The high-expansion foam systems would be designed in accordance
with NFPA 11A.

1.7.7 Fail Safe Shutdown System

The Project facilities would have an ESD system with shutdown and control devices
designed to leave the facilities in a safe state. The ESD system would be used for major
incidents and would result in either total plant shutdown, shutdown of processes, and/or
individual pieces of equipment, depending on the type of incident.

1.7.8 Security

The LNG facility would be subject to facility security regulations under the USCG
Maritime Transportation Security Act (33 CFR Part 105) and would have a facility security plan
approved by the USCG. The LNG facility would meet all necessary security measures required
under those regulations including security fencing, lighting, access control, and CCTV. In
addition, PHMSA regulations concerning transportation of hazardous materials would be
evaluated and any applicable PHMSA security requirements not otherwise covered by the
USCG-approved Facility Security Plan would be implemented.

The Project facilities would include sirens that would be audible in all locations per
USCG LNG facility regulations (33 CFR 127). The sirens would have a distinctive tone for easy
recognition between alarms and emergency events.

Plant security would include a perimeter fence consistent with established Port protocol.
Access through the plant gate and buildings would be consistent with the requirements of the
USCG-approved Facility Security Plan. CCTV cameras would permit viewing of the entrance
area and other locations around and within the plant including tank top and LNG vessel loading
platform. Guard houses would be strategically located at certain locations along Henry Pugh
Boulevard to monitor activities.

1.8 FUTURE PLANS AND ABANDONMENT

At this time, Magnolia has no future plans which would result in the expansion of the
currently proposed Project facilities. If an expansion is ever envisioned in the future, Magnolia
would seek the appropriate authorization from federal, state, and local agencies. Magnolia
envisions a 30-year life for the Project. However, the facilities themselves would, with proper
maintenance, be capable of being operated for 50 years or more. Regardless of the duration of
utilization of the proposed Project facilities, Magnolia would obtain the necessary permission to
abandon its facilities in accordance with regulations that exist at the time of abandonment and
any landowner requirements.

1.9 CUMULATIVE IMPACT ANALYSIS

Cumulative impacts are the collective result of the incremental impacts of an action that,
when added to the impacts of other past, present, and reasonably foreseeable future actions,
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would affect the same resources, regardless of what agency or person undertakes those actions
(40 CFR 1508.7). Cumulative impacts can result from actions that have individually minor
impacts but that collectively impose significant impacts over a period of time. Compliance with
the National Environmental Policy Act (NEPA) requires an analysis of cumulative impacts (40
CFR 1508.25(a)(2) and 40 CFR 1508.25(c)(3)). The FERC considers a reasonably foreseeable
action to be a future action that has a realistic expectation of occurring. These include (but are
not limited to) actions under analysis by a regulatory agency, proposals being considered by state
or local planners, plans that have begun implementation, or future actions that have been funded.

For this cumulative effects analysis, reasonably foreseeable future development was
considered in the context of specific proposals as well as general trends in the region. Past
actions were considered in the baseline evaluation of impacts. To identify specific proposals that
might impose cumulative environmental effects in the region, Magnolia sought information on
specific projects, developments, or activities with potential impacts that would overlap in
timeframe or geographically with those of the proposed Project.

Magnolia identified projects by contacting regulatory and planning boards and through
publicly available information. The projects were screened for review using a standard of
1) having submitted a site plan for review by a local planning agency or government agency,
2) an application submitted to a regulatory agency for permit review, 3) available press releases,
and 4) within approximately 50 miles of the Project. In many cases, the limited availability of
detailed information about future projects, actions, or facilities requires qualitative assessments
of potential cumulative impacts. Evaluating the potential cumulative impacts of in-progress and
proposed projects creates an unavoidable level of uncertainty. Projects can be delayed,
abandoned, or altered between the time they are announced and the time they are completed or
abandoned.

The timeframes for each reasonably foreseeable future development project were further
defined as proposed, in permitting, and under construction. For each proposed project, Magnolia
attempted to verify information about the project or its impacts, otherwise it was not evaluated
further. In addition, Magnolia’s resource experts identified expected environmental effects of
reasonably foreseeable future development projects based on publically available information or
using professional judgment and experience with similar projects. Table 1.9-1 identifies the
locations, timeframes, general scope, and expected environmental effects of each reasonably
foreseeable future development project. The projects are organized in the following general
categories: industrial, commercial, and residential developments. Figure 1.9-1 shows the
locations of the projects.

The timeframe for the Magnolia LNG Project, as described in Section 1.5.1, “Schedule”
(also see Appendix 1.D), calls for construction to begin in mid-2015 with operation by June 2018
for Train 1 and operation of all four trains in early 2019. As a result of the preliminary review of
the timeframe for each project in Table 1.9-1, a number of projects were not evaluated further:
projects completed (considered part of the baseline), projects that would not overlap in time with
the Magnolia LNG Project, and projects proposed or with an unknown timeframe.
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects

Industrial — Gas/Chemical/Gas-to-Liquids (GTL)

1 Sabine Pass Cameron 41.9 Under =  Six new liquefaction trains, each with = New and maintenance dredging
LNG Export Parish Construction as nominal capacity of approximately 4.5 = New ballast water
Terminal of 2013; million tons per annum (mtpa) »  Additional marine traffic
(Cheniere Operation (approximately 0.5 bcf/day each). = Groundwater use during construction;
Energy, Inc.) estimated = 3,000 construction jobs, 77 retained jobs, municipal water during operations

20-15/2016 for 356 new per_manent direct jobs (206 = Additional security vessels that
trains 1 and 2 new/150 resident contractors), 589 new temporarilv prohibit recreational use
and 2016/2017 permanent indirect jobs, $100,000 avg. M \porartly prot

for trains 3 and 4 salary. ajor air emission source

Permittingwas =  $11 billion capital investment. i NO'S_e, during construction

initiated for trains »  Cheniere Creole Trail Pipeline, L.P. Adi't'on of new large LNG storage

5 and 6 in early (CCTPL) would add approximately 98.7 tanks , _

2013. miles of pipeline, including two loops Workforce and housing requirements
(Loop 1 and Loop 2), an extension, three (new jobs); use of public services;
laterals, and a new compressor station. capital investments and tax revenue

Sources:

»  http://www.cheniere.com/Ing_industry/sabi
ne_pass liguefaction.shtml.

=  http://energy.gov/sites/prod/files/2013/07/f
2/Summary of Export Applications.pdf.
http://www.ferc.gov/whats-new/comm-
meet/2013/022113/C-7.pdf.

= http://www.cheniere.com/CQP_documents
[Landowner_Letter.pdf.

2 Lake Charles Lake 0.5 In Permitting. » Natural gas liguefaction project with a * New and maintenance dredging
Export, LLC  Charles, Construction capacity of approximately 15 million tons = New ballast water in the Industrial
(Trunkline Calcasieu expected to per annum (mtpa) (approximately 2 Canal
LNG Parish begin 2015; bei/day each). = Additional marine traffic
Company, Operation to » Several thousand construction jobs, 100 .«  Groundwater use during construction;
LLC) begin in 2019. new operation phase jobs. '
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
= $5.7 billion capital investment. municipal water during operations
As part of the project, Trunkline LNG’s = Additional security vessels that
interstate natural gas pipeline would be temporarily prohibit recreational use
extended apprOXimately 0.5 mile to ] Major air emission source
provide feed gas to the liquefaction facility. «  Nojse during construction
= Addition of new large LNG storage
Sources: tanks
=  http://www.panhandleenergy.com/lakeCha =  Workforce and housing requirements
rles/lc_regulatory.asp (new jobs); use of public services;
= http://energy.gov/sites/prod/files/2013/07/f capital investments and tax revenue
2/Summary of Export Applications.pdf
= http://elibrary.ferc.gov:0/idmws/file_list.asp
?document _id=14197485
3 Cameron LNG, Hackberry, 4.9 In Permitting. = Three liquefaction trains with a nameplate = New and maintenance dredging
LLC LA, Lake Construction of 4.5 MTPA of capacity each, 13.5 MTPA = New ballast water
Charles planned 2014; total. In addition, a new 21-mile natural = Additional marine traffic
Harbor and operation in gas pipeline, a compressor station, and = Groundwater use during construction;
Terminal 2017. proposed modifications to existing pipeline municipal water during operations '
District interconnection. = Additional security vessels that
property, = 130 new jobs/60 retained, 610 indirect temporarily prohibit recreational use
Cameron jobs/3,100 construction jobs, $80,000 - Maior ai o
Parish average salary and benefits. ajor air emission source
= Noise during construction
Sources: = Addition of new large LNG storage
= http://cameron.sempralng.com/liguefaction tanks . .
“html = Workforce and housmg_ requirements
*  http://energy.qov/sites/prod/files/2013/07/f ég%ﬂ;?ﬁ?é;ﬁe%is :%Ctzir:giii'ue
2/Summary of Export Applications.pdf
4 Golden Pass Sabine In Permitting = Expansion of existing facility for export of ¢ New and maintenance dredging
LNG Pass, Expected 15.6 million tons of LNG per year e New ballast water in the Industrial
Texas operation in 2019 (approximately 2 bcf/day). The new facility Canal

would be built on existing Golden Pass
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http://energy.gov/sites/prod/files/2013/07/f2/Summary_of_Export_Applications.pdf
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MAGNOLIA

RESOURCE REPORT 1. General Project Description

Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project

Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
property and utilize the existing state-of- e Additional marine traffic
the-art tanks, berths and pipeline e Groundwater use during
infrastructure. New facilities for natural construction; municipal water
gzscg;]es—ttrr&attemdent and liquefaction would during operations
[ ]
= Pipeline upgrades will include installation ﬁa?r?;l)tggﬁllj gﬁgﬁ%gfgjﬁ;gﬁ;
of approximately 8 miles of 30- to 36-inch use on the Sabine River
pipeline and installation of additional L .
compressor stations. e Major air emission source
¢ Noise during construction
Source: e Addition of new large LNG storage
= http://goldenpassproducts.com/index.cfm/ tanks .
page/8 o Workforce and housing
requirements (new jobs); use of
public services; capital
investments and tax revenue
5 Waller Point Entrance of 22.0  Proposed = Plan to export domestically produced LNG New and maintenance dredging

LNG (Waller
Energy
Holdings, LLC
and Waller
LNG Services,
LLC)

the
Calcasieu
Ship
Channel,
Cameron
Parish

of approximately 1.3 mtpa (approximately
0.2 bcf/day) up to the equivalent of 58.4
Bcf of natural gas per year to Free Trade
Agreement (FTA) countries using a
proprietary floating storage tank (NO92
Membrane) at the facility.

Sources:

http://www.marinelink.com/news/terminal-
facility-develop349173.aspx
http://marinelog.com/index.php?option=co
m_content&view=article&id=3196:waller-
marine-to-develop-small-scale-Ing-
terminals&catid=1:latest-news&Itemid=195

http://www.fossil.energy.gov/programs/gas
regulation/authorizations/2012 application

New ballast water

Additional marine traffic

Groundwater use during construction;
municipal water during operations

Additional security vessels that
temporarily prohibit recreational use
Potentially major air emission source
Noise during construction

Addition of new large LNG storage
tanks

Workforce and housing requirements
(new jobs); use of public services;
capital investments and tax revenue

93



http://goldenpassproducts.com/index.cfm/page/8
http://goldenpassproducts.com/index.cfm/page/8
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http://www.marinelink.com/news/terminal-facility-develop349173.aspx
http://marinelog.com/index.php?option=com_content&view=article&id=3196:waller-marine-to-develop-small-scale-lng-terminals&catid=1:latest-news&Itemid=195
http://marinelog.com/index.php?option=com_content&view=article&id=3196:waller-marine-to-develop-small-scale-lng-terminals&catid=1:latest-news&Itemid=195
http://marinelog.com/index.php?option=com_content&view=article&id=3196:waller-marine-to-develop-small-scale-lng-terminals&catid=1:latest-news&Itemid=195
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project

Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
s/Waller LNG_Services, LLC 12-152-
LNG .html
= http://www.fossil.energy.gov/programs/gas
requlation/authorizations/2013 application
s/13 153 LNG.pdf
6 Gasfin Along the 20.8  Proposed = Received long-term authorization from = New and maintenance dredging
Development Calcasieu DOE to export to FTA countries = New ballast water
USA, LLC River, approximately 1.5 mtpa (approximately 0.2 «  aAdditional marine traffic
Cameron bcf/day) up to 74 Bcf per year of natural Groundwater use during construction:
Parish gas domdesti_((:jally r;roducedILNG from a municipal water during operations '
proposed mid-scale natural gas " :
liquefaction and LNG export terminal. Addltlona_l security vessels _that
temporarily prohibit recreational use
S ] = Potentially major air emission source
ources. . = Noise during construction
= http://www.gasfin.net/ L
. = Addition of new large LNG storage
»  http://www.google.com/url?sa=t&rct=j&q= tanks
&esrc=s&frm=1&source=web&cd=2&ved=
0CCA4QFjAB&url=http%3A%2F%2Fwww.f
ossil.energy.gov%2Fprograms%2Fgasreqg
ulation%2Fauthorizations%2FOrders_Issu
ed 2013%2Ford3253.pdf&ei=PmcvUv-
DPKnkyQGd64GwBg&usg=AFQ|CNGIOtG
SUYOhU_bGCaGk38wJVn5hFw&bvm=bv.
51773540,d.aWc
7 Venture Global Along the 22.8  Proposed = Export of approximately 5 mtpa = New and maintenance dredging, new
LNG, LLC Calcasieu (approximately 0.7 bcf/day) up to 244 Bcf ballast water
River, per year of natural gas domestically = Additional marine traffic
Cameron produced LNG from a proposed mid-scale «  Groundwater use during construction;
Parish natural gas liquefaction and LNG export

terminal.

municipal water during operations

Additional security vessels that
temporarily prohibit recreational use

Major air emission source
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http://www.fossil.energy.gov/programs/gasregulation/authorizations/2012_applications/Waller_LNG_Services,_LLC_12-152-LNG_.html
http://www.fossil.energy.gov/programs/gasregulation/authorizations/2012_applications/Waller_LNG_Services,_LLC_12-152-LNG_.html
http://www.fossil.energy.gov/programs/gasregulation/authorizations/2013_applications/13_153_LNG.pdf
http://www.fossil.energy.gov/programs/gasregulation/authorizations/2013_applications/13_153_LNG.pdf
http://www.fossil.energy.gov/programs/gasregulation/authorizations/2013_applications/13_153_LNG.pdf
http://www.gasfin.net/
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.fossil.energy.gov%2Fprograms%2Fgasregulation%2Fauthorizations%2FOrders_Issued_2013%2Ford3253.pdf&ei=PmcvUv-DPKnkyQGd64GwBg&usg=AFQjCNGlOtGSUY0hU_bGCaGk38wJVn5hFw&bvm=bv.51773540,d.aWc
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project

Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
Sources: Noise during construction
= http://venturegloballng.com/ Addition of new large LNG storage
= http://www.fossil.energy.gov/programs/gas tanks
regulation/authorizations/2013 application
s/Venture_Global LLC - 13-69-
LNG1.html
8 Sasol North Westlake, 9.8 Proposed =  GTL facility that will convert natural gas Major air emission source
America, Inc. - Calcasieu Expected into diesel. Converting existing land use to
Westlake GTL Parish operation in 2019 industrial use
Plant (phase one) and  Sources: Noise and traffic during construction
2020 (phase two) = ptip://www.sasollouisianaprojects.com/pag and operations
e.php?page=Gas-To-LiguidsFacility Workforce and housing requirements
= http://www.louisianaeconomicdevelopment (new jobs); use of public services;
.com/page/sasol capital investments and tax revenue
9 Sasol North Westlake, 10.1  In Permitting. = Expansion of existing facilities with an Major air emission source
America Inc. - Calcasieu Operations ethane cracker facility, 650-acre site near Converting of existing land use to
Lake Charles Parish expected 2017. Sasol's existing facilities in Westlake, LA. industrial
Chemical = 350 retained jobs, 1,289 new jobs, 5,886 Noise and traffic during construction
Complex indirect, 7,000 construction jobs, $89,000 and operations

average salary and benefits.

Source:

http://www.sasollouisianaprojects.com/pag
e.php?page=World-scaleethanecracker

Workforce and housing requirements
(new jobs); use of public services;
capital investments and tax revenue
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http://venturegloballng.com/
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http://www.sasollouisianaprojects.com/page.php?page=World-scaleethanecracker
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
10 |Lake Charles Lake 5.7 Under = Facility to convert petroleum coke to = Major air emission source
Clean Energy Charles, ConStrUCtion; methanol. n Converting existing land use to
LLC Calcasieu expected = Annual payroll expenditures of $340 industrial use
(Leucadia) Parish operation in 2017 million over the three-year construction * Noise and traffic during construction
period; 200 new full-time jobs, 3,000 and operations
construction jobs. = Workforce and housing requirements
(new jobs); use of public services;
Sources: capital investments and tax revenue
= http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%2
0%20report%209%204%2013.pdf
» http://energy.gov/nepa/downloads/eis-
0464-epa-notice-availability-final-
environmental-impact-statement
11 |Westlake Lake 5.9 Under = Expansion of Petro 2 ethylene unit at » Major air emission source
Chemical Charles, Construction existing facility to increase ethane-based =  Converting existing land use to
Corporation Calcasieu ethylene capacity by approximately 230 to industrial use
Parish 240 million pounds annually in supportof  «  Nojse and traffic during construction
the company's ethylene integration and operations
strategy.
= 400 construction jobs, 5 new jobs, 393
retained jobs.
Source:
»  http://westlake.com/fw/main/default.asp?D
oclD=68&reqid=1773152
12 |G2X Energy Lake 0.5 In Permitting. » $1.3 billion natural gas-to-gasoline facility = New and maintenance dredging
Charles, Construction will produce 12,500 barrels per day of 87 = Additional marine traffic
Calcasieu expected 2015; octane gasoline using methanol-to- = Groundwater use during construction;
Parish operations by gasoline technology licensed from

2018.

ExxonMobil Research and Engineering.

municipal water during operations
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http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://energy.gov/nepa/downloads/eis-0464-epa-notice-availability-final-environmental-impact-statement
http://energy.gov/nepa/downloads/eis-0464-epa-notice-availability-final-environmental-impact-statement
http://energy.gov/nepa/downloads/eis-0464-epa-notice-availability-final-environmental-impact-statement
http://westlake.com/fw/main/default.asp?DocID=68&reqid=1773152
http://westlake.com/fw/main/default.asp?DocID=68&reqid=1773152
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects

= 1,000 construction jobs, 748 indirect jobs, Major air emission source
243 new jobs, $66,500 per year plus Noise and traffic during construction
benefits. and operations

=  G2X has filed for an air permit with the Workforce and housing requirements
LDEQ and USEPA and for a permit with (new jobs); use of public services;
the U.S. Army Corps of Engineers. capital investments and tax revenue

Sources:

= http://g2xenergy.com/press/governor-
jindal-highlights-g2x-energy-plans-for-1-3-
billion-natural-gas-to-gasoline-facility-in-
southwest-louisiana/

= http://www.smartenergyuniverse.com/alter
native-enerqgy/11320-g2x-energy-plans-1-
3-billion-natural-gas-to-gasoline-facility-in-
southwest

= http://g2xenergy.com/plants/

= http://www.americanpress.com/The-eight-
petrochemical-companies-fueling-
upcoming-economic-boom

13 |Juniper GTL, Westlake, 8.9 Proposed »  $100 million investment at the existing Major air emission source
LLC Calcasieu steam methane reformer to convert the Noise and traffic during construction
Parish facility for gasoline production. and operations

= Estimated 29 jobs created; average salary =  Workforce (new jobs); use of public
of $85,000 per year with benefits, 112 services; capital investments and tax
indirect jobs. revenue

Source:

= http://www.areadevelopment.com/newslte
ms/9-5-2013/juniper-gtl-renovation-
calcasieu-parish-louisiana489242.shtml
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http://g2xenergy.com/press/governor-jindal-highlights-g2x-energy-plans-for-1-3-billion-natural-gas-to-gasoline-facility-in-southwest-louisiana/
http://g2xenergy.com/press/governor-jindal-highlights-g2x-energy-plans-for-1-3-billion-natural-gas-to-gasoline-facility-in-southwest-louisiana/
http://g2xenergy.com/press/governor-jindal-highlights-g2x-energy-plans-for-1-3-billion-natural-gas-to-gasoline-facility-in-southwest-louisiana/
http://g2xenergy.com/press/governor-jindal-highlights-g2x-energy-plans-for-1-3-billion-natural-gas-to-gasoline-facility-in-southwest-louisiana/
http://www.smartenergyuniverse.com/alternative-energy/11320-g2x-energy-plans-1-3-billion-natural-gas-to-gasoline-facility-in-southwest
http://www.smartenergyuniverse.com/alternative-energy/11320-g2x-energy-plans-1-3-billion-natural-gas-to-gasoline-facility-in-southwest
http://www.smartenergyuniverse.com/alternative-energy/11320-g2x-energy-plans-1-3-billion-natural-gas-to-gasoline-facility-in-southwest
http://www.smartenergyuniverse.com/alternative-energy/11320-g2x-energy-plans-1-3-billion-natural-gas-to-gasoline-facility-in-southwest
http://g2xenergy.com/plants/
http://www.areadevelopment.com/newsItems/9-5-2013/juniper-gtl-renovation-calcasieu-parish-louisiana489242.shtml
http://www.areadevelopment.com/newsItems/9-5-2013/juniper-gtl-renovation-calcasieu-parish-louisiana489242.shtml
http://www.areadevelopment.com/newsItems/9-5-2013/juniper-gtl-renovation-calcasieu-parish-louisiana489242.shtml

MAGNOLIA

RESOURCE REPORT 1. General Project Description

Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
14 |BP Biofuels Jennings, 39.5 Completed = BP operates a 1.4 million gallon cellulosic = Potential major air emission source
Jefferson demonstration facility in Jennings and is = Noise and traffic during construction
Davis considering expansion to produce 30 and operations
Parish million gallons of alternative fuel annually.
= $400 million capital investment and 75 to
100 new jobs.
Sources:
= http://allianceswla.org/Images/Interior/201
2-
2018%20swla%?20detailed%20projects%2
0%20report%209%204%2013.pdf
=  http://www.bp.com/sectiongenericarticle.d
o?categoryld=9030047&contentld=705517
4
Industrial — Other
15 |Kinder Morgan Lake 0.00 Permitting » Modifying existing delivery meter facilities e Potential major air emission source
Louisiana Charles, and to make them bidirectional; the installation e Noise and traffic during
Pipeline Calcasieu 52.4 of compression facilities near Eunice, LA, construction
Eanfsh/ ﬁ/lnd thel_d?_llverfy fit_cmtlfes_f_\t thet proposedt «  Workforce (new jobs): use of
Aun(que’ agnolia liquefaction facility interconnect. public services: capital
cadia investments and tax revenue
Parish

Source:

Precedent Agreement between Magnolia LNG

and KMLP
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http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%209%204%2013.pdf
http://www.bp.com/sectiongenericarticle.do?categoryId=9030047&contentId=7055177
http://www.bp.com/sectiongenericarticle.do?categoryId=9030047&contentId=7055177
http://www.bp.com/sectiongenericarticle.do?categoryId=9030047&contentId=7055177

MAGNOLIA

RESOURCE REPORT 1. General Project Description

Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
16 |Northrop Lake 11.2  Completed = New 800,000+ square feet hangar atthe =  Minor air emission source
Grumman Charles, Lake Charles Maintenance and * Noise and traffic during construction
Calcasieu Modification Center (LCMMC) as part of a and operations
Parish larger 1,050-acre aircraft modification = Capital investments and tax revenue

center located at Chennault Airport.
$3.6 million capital investment.

Sources:

http://www.northropgrumman.com/Capabili

ties/LakeCharlesMaintenanceCenter/Page

s/default.aspx

http://www.gov.state.la.us/index.cfm?md=

newsroom&tmp=detail&articlelD=3373

17

W.R. Grace & Sulphur,
Company Calcasieu
Parish

4.2 Completed

Chemical plant in Sulphur, LA.
$150-million investment.

Sources:

http://www.siteselection.com/issues/2013/

mar/ip-swlouisiana.cfm
SWLA Project Report:

http://allianceswla.org/Images/Interior/201

2-

2018%20swla%20detailed%20projects%?2

0%20report%208%2022%2013%20.pdf

Major air emission source

Noise and traffic during construction
and operations

Use of public services; tax revenue
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http://www.northropgrumman.com/Capabilities/LakeCharlesMaintenanceCenter/Pages/default.aspx
http://www.northropgrumman.com/Capabilities/LakeCharlesMaintenanceCenter/Pages/default.aspx
http://www.northropgrumman.com/Capabilities/LakeCharlesMaintenanceCenter/Pages/default.aspx
http://www.gov.state.la.us/index.cfm?md=newsroom&tmp=detail&articleID=3373
http://www.gov.state.la.us/index.cfm?md=newsroom&tmp=detail&articleID=3373
http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf

MAGNOLIA

RESOURCE REPORT 1. General Project Description

Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
18 |PSI Midstream Cameron 31.0 Proposed = Changes to the existing 500-MMcfd gas = Potential new emissions
Partners, L.P. Parish processing plant located near Johnson = Noise and traffic during construction
Bayou in Cameron Parish. and operations
= $15-million investment and 20 additional = Workforce requirements (new jobs);
construction jobs. use of public services; capital
investments and tax revenue
Sources:
= http://www.siteselection.com/issues/2013/
mar/ip-swlouisiana.cfm
=  SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%2
0%20report%208%2022%2013%20.pdf
= http://www.psimidstream.com/latest-news/
19 |West West 4.1 Completed = $2.3 million investment for 800 linear feet =  Air emissions from barges and tugs
Calcasieu Port Calcasieu of barge basin shoreline for an additional =  Noise and traffic during construction
Port, 25 to 30 barge slips. and operations
Calpasieu = Capital investments
Parish

Sources:

=  SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%?2
0%20report%208%2022%2013%20.pdf

=  http://www.westcalport.com/PressRoom/Pr

essRoomDisplay.asp?pl1=5664&p2=Y
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http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://www.psimidstream.com/latest-news/
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://www.westcalport.com/PressRoom/PressRoomDisplay.asp?p1=5664&p2=Y
http://www.westcalport.com/PressRoom/PressRoomDisplay.asp?p1=5664&p2=Y

MAGNOLIA

RESOURCE REPORT 1. General Project Description

Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
20 |[Talon Westlake, 8.8 Proposed = Anindustrial plant for pipeline and related = Potential new air emissions
Midstream L.P. Cal_casieu structures. = Workforce and housing requirements
Parish = $250 million investment, 250 additional (new jobs); use of public services;

construction jobs, 30 new jobs.

Sources:

http://www.siteselection.com/issues/2013/
mar/ip-swlouisiana.cfm

SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%2
0%20report%208%2022%2013%20.pdf

capital investments and tax revenue

Commercial, including Entertainment and Hotels

21 |HRI Properties Lake 9.6 Proposed = 150-room, six-story hotel. =  Minor construction and operating
Charles, = $19 million capital investment. emissions
Calcasieu = Converting existing land use to
Parish Source: commercial use
=  SWLA Project Report: * Noise and traffic during construction
http://allianceswla.org/Images/Interior/201 = Workforce and housing requirements
2- (new jobs); use of public services;
2018%20swla%20projects%20%20report capital investments and tax revenue
%?20detailed%20updated%209.4.13.pdf
22 |Golden Nugget Lake 6.7 Under = Hotel expansion adjacent to the L'Auberge =  Minor construction and operating
(formerly Charles, Construction. Casino Resort. emissions
Pinnacle Calcasieu Opening 2014 = 1,800 construction jobs, 1,500 new jobs, = Converting existing land use to
Entertainment, Parish $400 to $500 million capital investment. commercial use
Inc. / * Noise and traffic during construction
Ameristar .

Casinos, Inc.)

Sources:

SWLA Project Report:
http://allianceswla.org/Images/Interior/201

Workforce and housing requirements
(new jobs); use of public services;
capital investments and tax revenue
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http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://www.siteselection.com/issues/2013/mar/ip-swlouisiana.cfm
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20projects%20%20report%20detailed%20updated%209.4.13.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20projects%20%20report%20detailed%20updated%209.4.13.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20projects%20%20report%20detailed%20updated%209.4.13.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20projects%20%20report%20detailed%20updated%209.4.13.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
2-
2018%20swla%?20detailed%20projects%2
0%20report%208%2022%2013%20.pdf
http://www.goldennuggetlic.com/press.asp
23 |Hampton Inn Lake 7.2 Completed New 85-room hotel near the cross section =  Minor construction and operating
Charles, of Holly Hill and Prien Lake Roads. emissions
Calpasieu = Converting existing land use to
Parish Source: commercial use
SWLA Project Report (February 3, 2014): = Noise and traffic during construction
http://allianceswla.org/ =  Workforce and housing requirements
(new jobs); use of public services;
capital investments and tax revenue
24 |Coushatta Kinder, 41.6  Completed 2012 Seven-story, $60 million hotel expansion =  Minor construction and operating

Casino Resort Allen Parish

at the Coushatta Casino Resort added 400

new rooms.
1,000 construction jobs, 150 permanent
employees.

Sources:

SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%?20detailed%20projects%2

0%20report%208%2022%2013%20.pdf

http://www.coushattacasinoresort.com/me
dia/140/

emissions

Converting existing land use to
commercial use

Noise and traffic during construction
Workforce requirements; use of public
services; tax revenue
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http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://www.goldennuggetlc.com/press.asp
http://allianceswla.org/
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://www.coushattacasinoresort.com/media/140/
http://www.coushattacasinoresort.com/media/140/
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Table 1.9-1 Regional Projects Identified for Consideration in the Cumulative Impacts Analysis for the Magnolia LNG Project
Distance
Project from Site
(Owner) Location (miles) Timeframe Description Expected Environmental Effects
25 |L'Banca Lake 37.2  Completed = New 8-room hotel. = Converting existing land use to
Albergo Hotel Arthur, = $500,000 capital investment. commercial use
Jefferson = 8to 10 new jobs = Noise and traffic during construction
Davis = Use of public services; tax revenue
Parish )
Source:
= SWLA Project Report:
http://allianceswla.org/
February 3, 2014 SWLA report
26a |[SOWELA Lake 10.8 » Industrial Training Facility to initially = Converting existing land use to
Technical Charles, support workforce needs during commercial use
Community Calcasieu construction and operations of the new = Noise and traffic during construction
College Parish Sasol plants and to serve the broader = Workforce and housing requirements
needs of growing manufacturers (housing requirement minor); use of
throughout the region. public services; capital investments
= $20 million investment. and tax revenue
Source:
= SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%2
0%20report%208%2022%2013%20.pdf
26b |SOWELA Lake 10.8  Under » Nursing and Allied Health Building project. = Converting existing land use to
Technical Charles, Construction. =  $8.8 million investment. commercial use
Community Calcasieu Expected to be = Noise and traffic during construction
College Parish completed in Sources: =  Workforce and housing requirements
March 2014.

SWLA Project Report:
http://allianceswla.org/Images/Interior/201
2-
2018%20swla%20detailed%20projects%?2
0%20report%208%2022%2013%20.pdf

(housing requirement minor); use of
public services; capital investments
and tax revenue
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http://allianceswla.org/
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://allianceswla.org/Images/Interior/2012-2018%20swla%20detailed%20projects%20%20report%208%2022%2013%20.pdf
http://all