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https://business.directenergy.com/understanding-energy/energy-tools


http://oil-price.net/dashboard.php?lang=en

Natural gas is the most efficient fossil fuel in a variety of applications, but especially in power generation.
Combined heat and power (CHP) installations enable the utilization of more than 80% of the energy content in natural gas. According to Black & Veatch, the 
average combined cycle natural gas plant is approximately 39 percent more efficient than the oldest 50 percent of existing coal generation capacity - and 58 
percent more efficient than the oldest 10 percent of coal-fired plants. For the oldest power-generating facilities 60% more coal needs to be burned to generate 
the equivalent power of a natural gas power generation plant.

Conversion of energy can exceed 90% 
efficiency, far greater than any other energy 
source.

Natural gas is the efficient and effective fuel 
into a low-carbon energy future. While the 
efficiency of renewable technology is 
constantly improving, it has yet to match the 
efficiency of natural gas in power generation. 
Natural gas enables renewables as it can be 
added to power generation facility at the right 
time and in the appropriate volumes needed. 
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How to Measure Natural Gas 

Describing the amount of natural gas consumed by an entire country or a single 
residential appliance can be confusing, since natural gas can be measured in 
several different ways.

The energy content of natural gas and other forms of energy (i.e., the potential 
heat that can be generated from the fuel) is measured in Btus (British thermal 
units). The number of "therms" that residential natural gas customers consume 
each month is listed on their gas bills.

Quantities of natural gas are usually measured in cubic feet. For example, a typical 
natural gas futures contract is a financial instrument based on the value of about 
10 million cubic feet (Mmcf) of natural gas.

Here are some frequently used units for measuring natural gas:

1 cubic foot (cf) = 1,027 Btu 
100 cubic feet (1 ccf) = 1 therm (approximate) 
1,000 cubic feet (1 Mcf) = 1,027,000 Btu (1 MMBtu) 
1,000 cubic feet (1 Mcf)  = 1 dekatherm (10 therms) 
1 million (1,000,000) cubic feet (1 Mmcf) = 1,027,000,000 Btu 
1 billion (1,000,000,000 cubic feet (1 bcf) = 1.027 trillion Btu 
1 trillion (1,000,000,000,000) cubic feet (1Tcf) = 1.027 quadrillion Btu

 1,000 cubic feet of natural gas is approximately enough to meet the natural 
gas needs of an average home (space-heating, water-heating, cooking, etc.) for 
four days.
 In 2009, the average American home consumed 70,500 cubic feet of 
natural gas (or 72.6 million Btu). On a daily basis, the average U.S. home used 
193 cubic feet of natural gas.
 Most natural gas household bills display the amount of natural gas 
consumed by the 'therm' (100,000 Btu) or in hundreds of cubic feet (100 cubic 
feet - 1 Ccf).
 Looking at larger quantities, 1 billion cubic feet (Bcf) of natural gas is 
enough to meet the needs of approximately 10,000 - 11,000 American homes for 
one year.
5 trillion cubic feet of natural gas is enough to meet the needs of 5 million 
households for 15 years.

What are Ccf, Mcf, Btu, and therms? How do I convert natural gas prices in dollars per Ccf, or 
Mcf to dollars per Btu or therm?

C — equals one hundred (100).
Ccf — equals the volume of 100 cubic feet (cf) of natural gas.
M — equals one thousand (1,000).
MM — equals one million (1,000,000).
Mcf — equals the volume of 1,000 cubic feet (cf) of natural gas.
MMBtu — equals 1,000,000 British thermal units (Btu).  (One Btu is the heat required to raise 
the temperature of one pound of water by one degree Fahrenheit.)
Therm — One therm equals 100,000 Btu, or 0.10 MMBtu.



https://accessgas.com/learning-centre/natural-gas-conversion-tool/

https://www.rigzone.com/calculator/

default.asp?catid=1&catname=Basic+Conversions#calc

http://www.cmegroup.com/tools-information/calc_refined.html
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CONCEPTUAL DESIGN OF LNG FACILITIES-FLOW DIAGRAM AND EMB

https://yadi.sk/i/MU6EDVJC3aownL https://yadi.sk/i/MU6EDVJC3aownL

https://yadi.sk/i/PEB7OJlM3aox6S
https://yadi.sk/i/4k_UOy463aoxXt
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https://yadi.sk/i/u8fKkHPS3ap5Rs

https://yadi.sk/i/BsQ2HeBD3ap5eu

https://yadi.sk/i/lwZz6iGI3aoy8t

https://yadi.sk/i/ytwN4Lu_3ap8TC

https://yadi.sk/i/ytwN4Lu_3ap8TC
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A compressor station is a facility which helps the transportation process of natural gas from one location to another. Natural gas, 
while being transported through a gas pipeline, needs to be constantly pressurized at intervals of 40 to 100 miles.[1] Siting is 
dependent on terrain, and the number of gas wells in the vicinity. Frequent elevation changes and a greater number of gas wells 
will require more compressor stations. The gas in compressor stations is normally pressurized by special turbines, motors and 
engines. 
The compressor station, also called a pumping station, is the "engine" that powers an interstate natural gas pipeline. As the 
name implies, the compressor station compresses the natural gas (increasing its pressure) thereby providing energy to move the 
gas through the pipeline.[3]

Pipeline companies install compressor stations along a pipeline route. The size of the station and the number of compressors 
(pumps) varies, based on the diameter of the pipe and the volume of gas to be moved. Nevertheless, the basic components of a 
station are similar.
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COOL FUEL-LNG PROCESS PROPOSALS

Liquefied Natural Gas (LNG)
Natural gas is converted to Liquefied Natural Gas (LNG) by harnessing innovative cryogenic 
technologies that make it available both for worldwide transport as well as for local markets. 
This conversion can also contribute to increased use of biogas.
Cooling to minus 162 degrees Celsius

Just like crude oil, most natural gas deposits are located far away from their actual point of use. 
At present, over 90 percent of natural gas is fed through long pipelines to power plants, 
industrial facilities and homes. But once the distance in relation to the volume of gas to be 
transported becomes too high, this ceases to be economically viable due to the high costs of 
construction, materials and compressor stations. To efficiently transport natural gas, it is 
liquefied by cooling it to minus 162 degrees Celsius. This reduces its volume some 600-fold.

Globally, there are circa 70 so-called world-scale plants with a capacity of some ten million 
tonnes per year. They are directly connected to large natural gas deposits and produce LNG for 
export purposes. In addition to the globally oriented LNG trade, construction of regional and 
local infrastructures is becoming increasingly significant, just as is the development of deposits 
that are difficult to access.

 

https://youtu.be/Xzf9rB2lBOM

Liquid natural gas can be transported from coastal LNG terminals by truck, or it can be re-
evaporated and fed into a regional pipeline network to thus reach the consumer. Linde offers 
efficient technologies and innovative complete solutions both for LNG transport as well as for the 
development of LNG infrastructures – from natural gas cleanup to storage tanks and 
vaporisation equipment for port facilities and ships all the way to regional distribution and 
customer applications.

https://youtu.be/dcporPaKrNg
https://youtu.be/Xzf9rB2	BOM
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https://youtu.be/Xzf9rB2lBOM

LIQUID NATURAL GAS TRADE ROUTES

As of distances of several thousand 
kilometres, natural gas transport is only 
economically viable via ship, i.e. special 
LNG tankers. Approximately 200 of these 
tankers now distribute liquefied natural 
gas all around the world.
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WORLD SCALE LNG PLANTS

Linde Engineering has the know-how and experience to individually design and build highly efficient base load plants for even the largest world-scale LNG plants.
World-scale liquefied natural gas (LNG) plants contribute the majority of liquefied natural gas products traded globally today. They range in capacity between a few million tonnes per 
annum (tpa) and more than 10 million tpa. Typically the liquefied natural gas from these plants is transported by ship from export to import terminals, and then evaporated into 
pipelines for supply to the end user.

We established our cryogenic liquefaction technology for world-scale LNG plants at the world's northernmost natural gas liquefaction plant, Hammerfest. It is located 800 km north of 
the Arctic Circle on the Melkøya island off Norway.

Our patented Mixed Fluid Cascade (MFC®) process, jointly developed with Statoil for base load LNG plants, is designed for highest efficiency and reliability in any environment and 
climate.

The MFC® process features three independent refrigeration cycles. The intermediate liquefaction cycle and the coldest (sub-cooling) cycle always use mixed refrigerants, while the 
warmest (pre-cooling) cycle can vary its refrigerant depending on the ambient temperature. MFC® stands for propane pre-cooling, with load balancing between the three refrigeration 
cycles so the shaft power of all three compressor trains is identical. This unique configuration enables the largest LNG capacities with a given set of main compressor drives.

In a moderate or cold climate, propane pre-cooling and perfect load balancing across the three refrigeration cycles is no longer feasible. Under these circumstances, the 'arctic' version 
of our MFC® process – as implemented in Hammerfest, Norway – with three mixed refrigerant cycles is the preferred solution.

MODULAR SOLUTIONS
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WORLD SCALE LNG PLANTS

Linde has been optimising gas processing technologies for 140 years, 
successfully delivering more than 4,000 plant engineering projects around the 
globe. Favouring trusted, lasting business relationships, the company 
collaborates closely with customers to enhance plant lifecycle productivity and 
innovate process flows. The company’s proven gas processing expertise play 
an indispensable role in the success of customers across multiple industries – 
from natural gas and oil refining through petrochemicals and fertilizers to 
electronics and metal processing.
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https://www.linkedin.com/pulse/overview-global-lng-plant-develepment-costs-reza-naghash-cpm-p-e-/

As the investment decisions will be materialized in the near future, the fiscal and economic aspects of the LNG projects are coming 
to spotlight. Hence, the aim of this study is to provide an overview of global LNG project development costs which could then 
provide a benchmark for a specific LNG project in Canada. This article provides an insight into the process cycle for an LNG export 
facility followed by a high level assessment of the development costs for a complete LNG plant.

The demand for LNG in the beginning of new millennium in importing regions and the development of new supply source around 
the world allow LNG to compete in markets formerly dominated by pipeline gas. The rationale for liquefying natural gas is that at 
atmospheric pressure, the liquid density at normal boiling point of methane is approximately 610 times greater than that of the gas 
at ambient temperature and pressure. As a result, a given volume of liquefied natural gas contains over 600 times the heating 
value as the same volume of ambient gas. This density increase at ambient pressure makes it attractive to liquefy, transport and 
store natural gas in large quantities. Liquefaction and transport become economically feasible when the size of the reserves justify 
the capital investment of a baseload LNG plant. Storage applications include storage at LNG terminals, and storage for gas utility 
peak shaving operations. In recent years, LNG has also become a means of gas supply in remote parts of the world where the gas 
pipeline infrastructure is not well developed.

Gas production costs account for 15 – 20%, liquefaction costs are in the rage of 30 – 40%, shipping costs account for 10 – 30% 
and receiving costs are in the rage of 15 – 25%. All are based on the total LNG costs. In light of current LNG export development 
projects in Asia, Australia and USA, LNG global market could yield to sustainable hub prices (based on today’s development costs) 
of US: 4.75 – $5.7/GJ; Europe: 9.5 – $10.5/GJ; and Asia: 11.4 - $12.4/GJ (to convert to $/MMBtu multiply by 1.05).

Today there are over 40 liquefaction plants worldwide producing about 300MM tonnes per annum (mtpa) and the production is 
expected to double around 600 mtpa by 2025. The largest trains are constructed in Qatar at the capacity of 8 mtpa although 
current and planned plants are typically in the range of 4 – 5 mtpa per train.

For the purpose of clarity, liquefaction plant refers to the complete facility to treat and liquefy the gas, store the produced LNG and 
export it via a jetty together with the required utility systems and other necessary infrastructure. A liquefaction train refers solely 
to the liquefaction process.

Most often the liquefaction plant cost is expressed as a metric cost of $US/tonne per annum ($/tpa). For instance, at the price of 
$US400/tpa, a 8 mtpa liquefaction plant will cost $US3.2B. Figure 1 shows the metric cost for LNG plants over the past 5 
decades. The year stated is the start-up date. As a general role, from concept to production including 4 years of site construction, 
the liquefaction plants typically take 10 years to develop. The date in the Figure indicates that the metric cost for early plants in 
the period of 70’s – 90’s averaged $US600/tpa. The price decreased to an average of $US400/tpa in the period 1990 -2000 as the 
plants increase in size reflecting on economy of scale. However, from 2008 the metric cost increased dramatically to an average 
$US1200/tpa for projects executed in the period 2011 – 2015. Over the period 2000 to 2012, this represents a 300% increase in 
cost.
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Most often the liquefaction plant cost is expressed as a metric cost of $US/tonne per annum ($/tpa). For 
instance, at the price of $US400/tpa, a 8 mtpa liquefaction plant will cost $US3.2B. Figure 1 shows the 
metric cost for LNG plants over the past 5 decades. The year stated is the start-up date. As a general role, 
from concept to production including 4 years of site construction, the liquefaction plants typically take 10 
years to develop. The date in the Figure indicates that the metric cost for early plants in the period of 70’s 
– 90’s averaged $US600/tpa. The price decreased to an average of $US400/tpa in the period 1990 -2000 
as the plants increase in size reflecting on economy of scale. However, from 2008 the metric cost increased 
dramatically to an average $US1200/tpa for projects executed in the period 2011 – 2015. Over the period 
2000 to 2012, this represents a 300% increase in cost.
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As stated earlier, liquefaction plants range from a simple liquefaction train added 
to an existing plant through to a complete new facility requiring all necessary 
infrastructure, including possibly an air strip, construction camp, township, roll-
on/roll-off deck, breakwater and dredging. Some projects even include carbon 
capture and storage. Therefore, depending on project scope, the plant costs 
could be doubled or trebled for the same capacity and thus increase the metric 
cost dramatically.

The future of Canada’s LNG mega projects is dependent on LNG market 
dynamics, such as demand and supply and overall global economy. As demand 
for energy will increase in the next decade and the time span for developing a 
complete LNG facility is between 6 to 10 years, Canadian LNG proponents must 
have a clear plan as to where they have to position themselves in global LNG 
markets. LNG plant metric costs are essentially driven by two factors: 1. the 
scope (liquefaction only or complete facility), 2. location where local costs are the 
major factor driver. Plant scope, as typically measured by equipment count, can 
increase by a factor 4 from a simple base liquefaction train to a complete facility 
including storage, utilities and export jetty.
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Qatargas is a unique global energy operator in terms of size, service and reliability. The 
Company operates 14 Liquefied Natural Gas (LNG) trains with a total annual production 
capacity of 77 million tonnes. This makes Qatargas the largest LNG producer in the world. 
Established in 1984, Qatargas develops, produces, and markets hydrocarbons from the 
world’s largest non-associated natural gas field. In addition to producing LNG, Qatargas is 
also a leading exporter of natural gas, helium, condensate and associated products. Today, 
Qatargas continues to set the benchmark in the LNG industry as it safely and reliably 
supplies energy to customers all over the world.

Qatargas 1, established in 1984, consists of three trains, which, after a debottlenecking 
project in 2005, now produce approximately 10 million tonnes per annum (mtpa) of LNG. 
Twenty production wells have been drilled and completed to supply 1,600 million standard 
cubic feet (45 million cubic metres) of raw natural gas per day from the North Field, the 
largest single non-associated gas reservoir in the world.

The first shipment of LNG was delivered to Chubu Electric, our foundation customer, in 
January 1997.

The Qatargas 2 (QG2) project was the world's first fully integrated value chain LNG venture. It includes two world class LNG mega trains (Train 4 and Train 5) each with a capacity of 7.8 
mtpa of LNG and 0.85 mtpa liquefied petroleum gas (LPG), condensate production of 90,000 barrels per day (bpd), a fleet of 14 Q-Flex and Q-Max ships and Europe's largest LNG 
receiving terminal, the South Hook LNG Terminal, in Milford Haven, Wales.

QG2 includes 30 offshore wells and three onshore injection wells f or waste water disposal. There are three unmanned offshore platforms in Qatar's North Field which produce 2.9 billion 
cubic feet of gas per day. Total production is piped to shore via two wet-gas pipelines. The Liquefied Natural Gas is processed using Air Product's proprietary APX process technology. LNG 
production from Train 4 started in March 2009, while Train 5 became operational in September 2009.

As part of the expansion of Ras Laffan's capacity, QG2 also led to the construction of facilities for expanded LNG storage and loading, including five 145,000-cubic metre tanks and three 
LNG berths, a 12,000 tonne per day common sulphur system serving all Ras Laffan ventures, and an export pipeline and mooring buoy for loading condensate ships some 55 kilometres 
offshore.
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