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Natural Gas Liquids 
• Natural Gas Liquids (NGLs) are found in “wet 

gas” or “rich gas” areas of shale gas 
producing regions.  These liquids are used in 
a variety of ways; as petrochemical 
feedstocks, as fuel, as a blending product for 
gasoline, and even for a backyard barbeque. 

• Natural gas (dry gas) is mostly methane. The 
Natural Gas Liquids can comprise 5% to 50% 
depending on where it is extracted.  



LNG is not NGL 

• LNG – Liquified Natural Gas is methane 

• NGL – Natural Gas Liquids are ethane, 
propane, butane, pentane 





NGL Volumes Grow; Cracker, Pipelines 



What’s Occurring Now? 
• Oil prices are falling hard 

– Condensates follow similar path 

– Changes the Ethane – Naptha 
Spread 

– Could affect LNG export? (spread 
oil-gas) 

 

• Exporting Ethane? 
• ME1 is a 12” line from Houston 

to Delmont. Then an 8” inch  to 
Marcus Hook. It will move 
propane and ethane. Moving 
propane now and will have the 
ability to move both products 
mid 2015. 

 
 

 

 

Cracker plants are proposed, but not committed 
in the Appalachian Basin 

 - Odebrecht said a final decision on building the 
proposed cracker plant will be made “by the end 
of 2015” (Parkersburg, WV) - estimated cost $4 
billion 
 
 - Shell has yet to make final decision to build 
ethane cracker (Monaca, PA) - estimated cost $3 
billion 
 
 - Appalachian Resins Inc. has leased 50 acres of 
land in Salem Township to build a 600 million 
pound per year plant. Projected to start in early 
2019? (Monroe County, OH) – est. cost $1 billion 
 
 - PTT-Marubeni Joint Venture Looking at PA-WV-
OH for Chemical Complex Site. A partnership 
between Thailand’s largest chemical company 
and a Japanese trading and investment house is 
shopping the region for an ethane cracker site 



2014 - 2018, U.S. petrochemical capacity expansion projects -  projected to increase 
domestic demand for ethane by nearly 600,000 (bbl/d); propane by nearly 200,000 bbl/d. 

http://www.eia.gov/tools/glossary/index.cfm?id=ethane
http://www.eia.gov/tools/glossary/index.cfm?id=Propane


• The five NGLs—ethane, propane, normal 
butane, isobutane and natural gasoline 
(pentanes+) 

• Each successive NGL has an additional carbon 
molecule and different chemical properties. 

– C1H4 – Methane 

– C2H6  – Ethane 

– C3H8 – Propane 

– C4H10 – Butane (and Isobutane) 

– C5H12 – Pentane (natural gasoline) 



NGLs Have Added Value (based on BTU) 

 Gas:  Net Btu Value: 

• Methane    1,011 

• Ethane    1,783 

• Propane    2,572 

• Butane    3,225 

• Pentane   3,981 

• Hexane   4,667 
• http://www.engineeringtoolbox.com/heating-values-fuel-gases-d_823.html 
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Who Consumes What? 

Source: Envantage 







Purity Ethane 
• What is purity ethane? 
• This term is generally applied to a marketed product that is 95% or 

more pure ethane. Purity ethane is different than blends, such as 
ethane/propane (E/P) mix, which is about 80% ethane, and Y-
grade natural gas liquids (NGL), which varies but generally has a 
maximum of about 65% ethane. These blends are easier to ship in 
a product pipeline or vessel.  

• Ethane's extremely low boiling point (approximately -128°F at 
normal pressure) makes shipping it in a pure liquid form more 
complex than other petroleum fuels in that it must be done at 
higher pressures or kept cool. Meeting these requirements 
involves some degree of infrastructure specialization, particularly 
for storage tanks and vessels 
 
– Source: EIA http://www.eia.gov/todayinenergy/detail.cfm?id=16151 
 

http://www.eia.gov/todayinenergy/detail.cfm?id=16151
http://www.eia.gov/todayinenergy/detail.cfm?id=16151


The Case for Crackers in This Region  
• Ethane crackers turn ethane into ethylene, a 

starting point for a variety of chemical 
products. As feedstock, these plants can use 
either naphtha, a crude oil-based product, or 
ethane, a natural gas liquid. Where ethane is 
significantly cheaper than naphtha — such as 
in parts of the Marcellus and Utica shales 
where wet gas is plentiful — crackers using 
the natural gas liquid may have a significant 
advantage. 



Infrastructure: Ethane Markets 

Transportation 
Costs: 

Marcus Hook - ? 

 
  Sarnia – 12-
15 cents/gal. 
 
  Gulf Coast – 
15-25 
cents/gal. 
 

  Local – 2 
cents/gal. 



Ethane – Naptha Spread 





Ethane Market 
• Ethane may be poised to be the dominant 

feedstock for the petrochemical industry. 

• Right now the market for regional ethane is 
Sarnia, ONT and the gulf coast.  

• If there is not a market available ethane is 
‘rejected’ (not necessarily a bad thing) 

• Ethane rejection–-where ethane is left within 
the natural gas stream without breaching gas 
pipeline specification limits 



• The ethane market has two primary release valves: 
the domestic petrochemical industry and ethane 
rejection at gas-processing plants. 

• Expect ethane prices to remain depressed for the next 
few years, with scant relief in sight until the 
petrochemical industry brings a number of planned 
expansions and world-scale ethane crackers 
onstream. 

• Fractionation Spread – compares the price of ethane 
with the price of natural gas 

• The spot price of natural gas sets a floor for ethane 
prices 



 



Another Market for Ethane? 
• Switzerland-based petrochemical outfit 

INEOS in fall 2012 inked a 15-year ethane 
supply agreement with Range Resources 
Corp. These volumes will be shipped 
from Sunoco Logistics Partners LP’s Marcus 
Hook facility in Pennsylvania to INEOS’ 
ethane crackers in Europe. 

• Customized vessels built for Evergas will 
transport the ethane. 





“Mariner East project is still projected to be 
on time with the start up in the third 
quarter of this year. When fully operational, 
even with today’s pricing, given Range 
specific contracts and the combined 
benefits from propane and ethane this is 
projected to be approximately a $90 million 
uplift as compared to selling the ethane as 
natural gas net of all transportation and 
processing fees” 
  - Range Shareholder Report 





Propane Market 
• Meanwhile propane demand is anticipated to 

drop as heating demand declines in response to 
households switching to natural gas. Propane is 
easier to transport and store. 

 

Export is probably  

needed to balance  

the market. 



Click to edit Master title style 



Butane and Pentane + 
• North American could be supply-long on butane as 

it gets pushed out of the motor gasoline pool due to 
increased ethanol blending and flat to declining 
motor gas demand. 

• Natural gasoline could experience demand growth 
driving by the oil sands sector’s need for diluent. 

 

• Export is probably needed to balance the market 



Isobutane 
• Ninety--‐five percent is consumed for alkylation, 

a process for the manufacture of a high octane 
motor gasoline component. 

• Normal Butane is isomerized to isobutane when 
needed to economically alkylate excess refinery 
olefins  and produce a valued gasoline blending 
component. 

• The demand for isobutane is governed by the 
motor gasoline market and import/export 
dynamics. 



Separation: From wellhead to fractionation 

• Wellhead – Condensate 

• Compressor Station – Natural Gasoline (drip 
gas) 

• Fractionation – broken into components 
(ethane, propane, butane, isobutane, and 
pentane +)  



Condensate at the well 



Common Flow back Equipment 
 

Source: Manek Energy 

3-Phase Separator 

http://www.manekenergy.com/production.cfm
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http://www.manekenergy.com/production.cfm


What is condensate?  
(at the wellhead this is sometimes referred to as “lease condensate”) 

• Condensates are a group of hydrocarbons that 
don’t fit easily into mainstream product 
categories. 

• Usually C5 and up 

• A lease condensate has an API gravity ranging 
between 45 to 75 degrees http://www.ogfj.com/articles/2012/10/fifty-

shades.html 

– The lower the number, the heavier it is (generally, 
the lower the number, the better the price) – 
everything is compared to water, which is a 10 (a 
number higher than 10, floats on top, lower sinks) 

http://www.ogfj.com/articles/2012/10/fifty-shades.html
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Density of liquids 



• Gas – Measured in mcf 
or mmbtu 

 

 

• Ethane, Propane, and 
other NGLs – measured 
in gallons 

 

 

• Condensate and oil – 
measured in barrels 
(barrel is 42 gallons) 

1 ft 
1 ft 

1 ft 



Crude Prices – Ergon Oil Purchasing – 
Appalachian Basin 
Effective Date 2014-07-31  -  2015-03-13 

Marcellus - Utica Medium 
38.0-49.9 API Gravity 

$97.17   -         $43.84 

Marcellus - Utica Light 
50.00-59.9 API Gravity 

$91.17   -         $37.84 

Marcellus - Utica Condensate 
60.0 API Gravity and above 
 

$75.67   -         $19.84 



Click to edit Master title style Compressor Station 



Click to edit Master title style Natural Gasoline at the compressor – natural 
gasoline or drip gas is generally C4 and up  

Water 



Y Grade 
• Y grade is characterized by being easily 

condensible – Propane, Butane/Isobutane, 
Pentane (but will also include some ethane, 
hexane and other hydrocarbons) 

• X grade is not easily condensible – methane, 
ethane 

• Simple separation (x and y) for transportation 
purposes and/or marketing (if there’s not an 
economic market for ethane) 



The Cryogenic Expansion Process 
If it is economic to extract ethane, cryogenic 
processes are required for high recovery rates 



Cryogenic separation… 
• Cryogenic processes consist of dropping the temperature 

of the gas stream to around -120 degrees Fahrenheit 
– External refrigerant 
– Turbo Expander rapidly drops temp 

• This rapid temperature drop condenses ethane and other 
hydrocarbons, while maintaining methane in gaseous 
form 

• The extraction of NGLs from the natural gas stream 
produces both cleaner, purer natural gas, as well as the 
valuable hydrocarbons that are the NGLs themselves 
– http://naturalgas.org/naturalgas/processing-ng/#seperateng 
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Natural Gas Liquid Fractionation 

Pressure and 
temperature – the 
boiling point will be 
reached by only one 
product in each tower 
 

This condensate 
will likely  be 

different from 
condensate at 

the well. 



Separation Towers 

NGL Storage Tanks 



 

Fractionation Plant 



Transportating NGLs 

Some NGL pipelines carry mixed NGLs to 
fractionation facilities.  Other NGL pipelines 
transport purity products, many times in batches, 
from fractionators or storage facilities to end users 
or related storage.  
• Due to its high vapor pressure, ethane is not 

typically transported by truck or rail. However, 
heavier NGLs are commonly transported via 
truck or railroad.  

• Ethane may be transported as an 
ethane/methane, ethane/propane mix in 
pipeline or as purity ethane 



Tanker trains and trucks picking up propane, 
butane, isobutane, and pentane+ 

  



What is BOE? 

• To take both oil and gas into account, the 
concept of barrel of oil equivalent - boe - was 
conceived. It enables a comparison of 
different hydrocarbons based on their energy 
content. 

• 1 barrel of liquid oil has about the same 
energy content as 6000 cubic feet of gas at 
standard conditions  

 



Conclusions 
• NGLs have a higher Btu value 

• A lot of ethane is still “rejected” into the gas 
stream 

• Infrastructure needs to be developed to get 
the best and highest use out of NGLs 



 

Thank You 

• www.marcellus.psu.edu 

• www.naturalgas.psu.edu 

Questions Contact: 
• Dan Brockett 

dbrockett@psu.edu 
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