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GAS PROJECTS  

In international exploration oil and gas are quite different. Gas discoveries are often noncommercial unless they are quite rich in liquids, close to an existing market, or very large. There are many giant gas fields that are still waiting on pipe. The difference is not entirely a transportation issue either. Oil is simply worth more than gas. 





T 9.3      Gas development XE "Development:gas development options"  options 
	
	LPG
Plant
	Gas

Cycling
	Gas Fired

Power Plant
	Gas to Liquids
	Methanol
	Fertilizer

Ammonia/Urea
	LNG

Plant

	Product


	LPGs

Condensate

Gas
	LPGs

Condensate

Gas is

reinjected
	Electricity
	Gasoline 
and/or

Middle Distillates
	Methanol


	Ammonia

and

Granulated

Urea
	Liquefied

Methane

and Ethane

	Threshold Field Size  (BCF)

(To negotiate) 
	
	
	3.000
	Big Debate
	1,000
	1,000
	18,000

	Threshold Field Size  (BCF) 

(To feedstock)
	300 – 400
	400 – 500
	1,500
	Big Debate
	500
	600
	5,000

	Minimum Feed Gas  (MMCFD) 
	60 – 80 +
	60 –  80+
	167
	Big Debate

100
	60
	80
	900 MMCFD

450/train

	Project Life

(Years) 
	10 – 20 yrs
	10 – 20 yrs
	25 yrs +
	25 +
	20 years
	20 years
	25+ years

	Capacity
	60 MMCFD

4,000 BCPD
	30 MMCFD

1,000+BCPD
	1,000

Megawatt
	10 MBLPD
	2,000 tons/day
	1,750 tons/day
	17,000 t/d

6.2 MM t/y

	Market Requirements
	Local and 

 Export
	Local and

   Export
	Local Grid
	Local
	Export

Ship
	Local 

     Truck
	Export

LNG Tanker

	Plant Location


	Local  or  Port City
	Local
	Local Field
	Local
	Port City
	Local
	Port City

	Plant CAPEX

($MM)             (1)
	$50 – 60
	$75 - 100
	$630 - $700
	200 - 250
	$250 – 300

1 train
	$300-400

1 train
	$2-3,000

2 trains 

	Annual  OPEX

($MM)             (2)
	$8
	$15
	$15 – 20

(?)
	
	$30 
	$35
	$80 

	Lead Time
	3+ years
	3 years
	2+ years 
	
	4 years
	5 years
	7-10 years

	Construction 
	2+ years
	2+ years
	2  years (
	
	3 years
	3 years
	3+ years

	
	
	
	
	
	
	
	

	(1)  Manufacturing plant only, excludes field development costs, transportation, port facilities, etc.

(2)  Excluding depreciation and feedstock costs. 




 XE "GTL" \t "See Gas to Liquids" 

 XE "Gas to Liquids" 

 XE "LNG" 

 XE "methanol" 

 XE "LPG" 

 XE "gas cycling" 

 XE "gas fired power" 
LPG XE "LPG"  Plants

If the liquid yield from a gas stream is rich enough a stand-alone liquids extraction plant can be profitable. Dry gas does not work. Liquid yield in the exploration end of the business is usually quoted in “barrels per million cubic feet of gas”. Typically gas plant engineers speak in terms of “gallons per thousand cubic feet of gas”. 

There is also a difference between liquid yield from well tests and liquid yield from a (more efficient) gas plant. 

For example, if a discovery is tested at a rate of 350 BCPD and 10 MMCFD the liquid yield from the test is 35 barrels per million. The liquid yield for this same gas stream would likely be on the order of 60 BBLS/MMCF through a gas plant. It depends on the gas composition. 

The 3 products from a gas plant are known as “liquid petroleum gasses” which include: 



Propane XE "propane" 

C3


Butane XE "butane" 


C4


Condensate XE "condensate"   

C5+ 

Average liquid yield on test for the various reported discoveries worldwide the past 5 years or so is around 45 BBLS/MMCF. Anything less than around 30-35 BBLS/MMCF is getting awfully lean for possible stand-alone liquids extraction (LPG) plant.  

If there is a market for the residue gas it can be sold. Otherwise it must be either flared or re-injected. Often the only place available for re-injection of the dry gas is in the reservoir from which it came. This is called “gas cycling”. 

Gas Cycling XE "gas cycling" 
Gas cycling projects require additional capital for injection wells and compressors. Injection wells are needed in order to re-inject the residue gas and the gas must be “bucked-up” to slightly more than reservoir pressure in order to inject it into the reservoir. Injection wells cost money and compressors are quite expensive. Also, gas cycling requires added operating costs – relatively speaking. The graph below illustrates the problem.

F 9.2      Liquid yield XE "liquid yield" 











Gas Fired Power XE "gas fired power"  Generation

In the mid 1990s gas fired power generation boomed. It was referred to as the “dash for gas” in the UK, but it applied elsewhere too. There were a number of reasons for this:  

(1)  Efficiencies had improved for converting methane to electricity


(2)  Costs had come down (for turbines in particular)


(3)  Clean burning characteristics of gas 

(4) Availability of what often would otherwise have been “stranded gas”. 

Throughout the 1990s efficiencies continued to improve and costs kept falling. In the mid 1990s there was a common rule-of-thumb:

 XE "Rules of thumb:feedstock requirements" 
“Take the capacity in megawatts and divide by 5 and you have feedstock requirements in millions of cubic feet of gas per day.”

So for example, a 500 megawatt plant would require 100 MMCFD to feedstock [500/5 = 100]. Now (2002) the rule is:

“Divide by 6.” 

So to feedstock a 500 megawatt plant would now require 83 MMCFD or so—efficiencies have improved. And, costs have also come down since the mid 1990s. To build a world-class 1,000 mW plant would have cost from $800 MM to 1,200 MM in the mid 1990s. Now that cost might be closer to $700 MM or so. In the Middle East examples below the average size of gas fired IPP was 420 mW at a (weighted average) cost of $340 MM. A number of these included seawater desalination plants. 

T 9.4      Middle East power plants  


 
 
Capacity
Cost 

 


Country
Project
(MW)
($MM) 

 


(((((((((((((((((((((((((((((
Israel 
Coastal  
1,159 
1,500
Coal Fired 

  
Ramat Hovav IPP 
370 
   200  
IEC various plants 

Jordan
Al-Samra BOO
450
   500
Steam-Cycle Project





(Heavy fuel oil) 


Aqaba
800
   750
Bridas 

Oman
Salalah IPP
220
   225
Gas Fired


Al-Kamil BOO
250-285
   120
Gas Fired 





(PPA price 4¢/kWh)


Barka BOO IWPP
427
425
Gas Fired 

Palestine
Gaza IPP 
140
150
Combined-cycle

Qatar 
Ras Lafan BOO IWPP
750 
800 

Saudi Arabia
Jubail BOO 
160
150
Co-generation


Abqaiq
126
110-120
3 Frame 6B turbines

UAE
Taweelah-A2 IWPP
710
600-700
50 m g/d desal 





(Price 2.4¢/kWh)

Jebel Ali IPP
120-150
   100
Gas Fired


Jebel Ali CC
 880
587
40 m g/d desal

Yemen 
Marib BOOT IPP
   500
300 
+$100 MM power line





(Price <3¢/kWh reportedly)


Average Size 

420 mW

Gas Fired Plants Only 

Wtd. Average Cost 

$340 MM 
Gas Fired Plants Only
From:  Middle East Energy April, 2002  www.platts.com

GTL XE "GTL" \t "See Gas to Liquids" 

 XE "Gas to Liquids"  

Gas to Liquids – Fischer-Tropsch

The GTL-F-T process comprises three basic steps. Gas reformation, the Fischer-Tropsch XE "Fischer Tropsch"  process and final product processing. All three of the process steps have been around for a long time, more than 50 years. Integrating these steps into an economically feasible process has been the challenge.

F 9.3      GTL options XE "Gas to Liquids:options" 
The first step is conversion of the gas to prepare it for the second step or Fischer-Tropsch process. Conversion combines natural gas (methane) with oxygen and steam under pressure to produce a synthetic fuel (syngas = H2 & CO). This step has been considered the most expensive and technically demanding. Scalability, technical and commercial viability of this step have been primary constraints to commercialization of GTL.

In the Fischer-Tropsch XE "Fischer-Tropsch"  process the synthetic gas is reacted with a catalyst to produce a waxy crude. The F-T process variables; temperature, pressure, and catalyst type can be varied to produce the desired intermediate product or products.

Final product processing is similar to refining, the singular difference being cleaner products. 

GTL Products XE "Gas to Liquids:products" 
Fuels: GTL fuels are processed to conform with conventional fuel specifications and some unique benefits.

F 9.4      GTL vs. conventional fuel properties

GTL Naphtha XE "Naphtha" 

 XE "Gas to Liquids:threshold field size"  is highly paraffinic with low concentrations of naphthenes and aromatics. It is ideal for steam cracker feedstock (mono-olefin production) and low coking. However, the paraffinic nature means low octane (<40) which is not suitable as a reformer feedstock for gasoline production.

GTL jet fuels/kerosene XE "kerosene"  have very high smoke points (very little soot) due to the absence of aromatics and naphthenes. But, energy density is slightly lower than conventional fuels.

GTL diesel XE "diesel"  has a high cetane number and is significantly cleaner than conventional diesel. It is sulfur free and the absence of aromatics reduces soot. High hydrogen content reduces NOx XE "NOx"  emissions but also reduces the energy density (less gas mileage) than conventional diesel.

Threshold field size to feedstock

Assuming the GTL plant produces 30,000 barrels per day, the daily feedstock will be 300 million cubic feet, roughly 10,000 scf per barrel. Yearly feedstock requirements are roughly 0.1 TCF. The 30 year feedstock requirement is 3 TCF.

Threshold field size to negotiate

We assume that the threshold field size to negotiate should be roughly 2 times the estimated feedstock requirement, primarily for growth and or added products, and security of supply.

Minimum feed gas

Minimum feed gas is simply the plant daily gas feed requirement. In this particular case the minimum feed is 300 MMCFD plus operations requirements. Feed requirements range from 8 MCF/BBL to 12 MCF/BBL.

Project life

Assume 25 year plant or project life. With the newer technologies there are going to be concerns about obsolescence and change requirements.

Capacity

GTL-F-T plant designs today range from 25,000 BLPD to 60,000 BLPD. These mega plants rely on economies of scale. But Sasol has recently announced that GTL plants as small as 10,000 BLPD can be economically feasible.

Market requirements

GTL-F-T products are readily transported, opening local, regional and export market channels.

Plant location

GTL-F-T processing plants move to the gas fields. In the cases of the large plants, 25,000 BLPD to 50,000 BLPD, there are only several gas fields in the world with adequate feedstock. Naturally, a huge gas field located near a port city would be ideal.

Plant costs

Capital costs now for a GTL-F-T plant are roughly $25,000 to $30,000 per barrel of daily capacity. Mark A. Agee at the 1998 AIChE annual meeting projected that CAPEX costs must be below $30,000 for GTL plants to be viable.

F 9.5      GTL costs XE "Gas to Liquids:costs" 

 XE "Gas to Liquids:lead times" 












Lead time estimates

Lead time from concept to start up is roughly 4 years, construction is half of that, and fully on line is a total of 5 years. 

F 9.6      GTL lead times


F 9.7      GTL Sensitivity analysis—Tornado graph


Qatar GTL Pioneer Plant XE "Gas to Liquids:Qatar Pioneer Plant" 
Started:
2 July 2001

Location:
Ras Laffan Industrial City

Partners:
Qatar Petroleum (QP) 51%, and Sasol 49%

Front End Engineering & Design (FEED):
US$30 MM, 9 months

Gas source:
Qatar’s huge North Field reserves (over 500 TCF)

Project costs:
US$800 MM includes

· Site

· Preproduction costs

· Contingency

Startup planned:
2005

Capacity:
34,000 BOPD

Feedstock:
330 MMCFD of lean natural gas (~ 9.7 MCF/BBL)

Products:
24,000 BOPD fuel


9,000 BOPD Naphtha


1,000 BOPD LPG

Capital cost per daily barrel:
US$800 MM
=
$24,000/BOPD


34,000 BOPD



F 9.8      Qatar GTL Pioneer Plant process



Methanol

Methanol XE "methanol"  is the alcohol of methane XE "methane" : methyl alcohol – CH3OH. Methane is converted to synthesis gas, which is a mixture of carbon monoxide and hydrogen gas, and then reassembled into methanol. It is used as a petrochemical feedstock or as automotive fuel either directly or indirectly. The indirect use is as a feedstock for methyl tertiary butyl ether (MTBE XE "MTBE" ). 

World Methanol Price Trends  











                 1st Half
  1999       2000      2001       2002         2003



($/metric ton)

100-125     100-110     110-150    150-175         170





(¢/gallon)

  30-37         30-33         33-45       45-53             51
It takes about 100 cubic feet of methane to manufacture a gallon of methanol
1 metric ton methanol = 333 gallons

Ammonia XE "ammonia" /urea XE "urea"  fertilizer 

Natural gas is also the feedstock for the manufacture of ammonia, which is the primary feedstock for fertilizer known as granulated urea. Ammonia has other uses than as a feedstock for fertilizer so some plants produce both products: liquid ammonia and granulated (white) urea. A plant that manufactures just enough ammonia to feedstock the urea plant is known as a “balanced” plant. The example in table 9.2 is for a balanced plant requiring 80 MMCFD to feedstock a plant capable of manufacturing 1,000 tons per day of ammonia and 1,750 tons per day of urea. 

Liquefied natural gas (LNG XE "LNG" )

LNG is liquefied methane and ethane (mostly methane or it can be almost exclusively methane). The liquefying temperature for LNG is –162(C. As a result, processing, storage and transportation are quite expensive. 

A new two-train grassroots LNG facility with offsite requirements and so forth can easily cost $2 billion or more. Adding trains might cost only $400 to 500 MM each taking from 24 to 35 months to complete. Because of this existing facilities have huge cost advantages over grassroots construction. While plant costs have come down in the past 10 years, the biggest improvements are in efficiency. A world-class state-of-the-art two-train facility in the mid 1990s would manufacture roughly 4.3 MM tons per year. Feedstock requirements would be on the order of 600 MMCFD. This comes to roughly 51 MCF per ton which includes fuel. A ton of LNG equals roughly 47 MCF of gas. By the year 2002 efficiencies improved to the point that a two-train facility could process 870 MMCFD and manufacture 6.2 MM tons per year. 

F 9.9      Comparative costs; LNG, MeOH & GTL


Notice: Some of these costs are different than those in Table 9.3 above. Table 9.3 is a better source.  

F 8.1      Fluid Properties  XE "hydrocarbons" 

 XE "Oil:heavy" 

 XE "Oil:light" 

 XE "Oil:volatile" 

 XE "Oil:black" 

 XE "Oil:conventional" 
 XE "Gas:associated" 

 XE "Gas:non-associated" 

 XE "Gas:dry" 
F 8.2      General oil price relationship XE "Oil:general oil price relationship" 

F 8.3      Sulfur vs. API gravity

Correlation between API gravity and sulfur content for Middle Eastern crudes.





T 8.1      Crude properties XE "crude properties" 

 XE "Oil:crude properties" 








 XE "naphtha" 

 XE "kerosene" 

 XE "gas oil" 

 XE "fuel oil" 

 XE "cocktail" 
T 8.2      World crude oils 


Specific 

Gravity


(g/cm3) 
°API
BBLS/ton



0.979
13.0
6.45
Kern River (California)  13° API  

 0.973
14.0
6.48
Mariner (UK)  11-15° API  

0.966
15.0
6.53


0.950
17.5
6.64
Wilmington  17°

0.934
20.0
6.75


0.919
22.5
6.86
Mexican Basket 22.4° API           Maya 22° API

0.904
25.0
6.98


0.890
27.5
7.08
Arab Heavy  28° API     Alaska NS 28° API

0.876
30.0
7.19
Gullfaks  29°   Dubai  29° wt 2% S    Tia Juana (Ven) Lt 29°

0.863
32.5
7.31
Urals 32°    WTS  33° 1.6% S    Arab Lt  33°  Iranian Lt 34°

0.850
35.0
7.42
Minas  34°    Oseberg   35°           Libyan Es Sider 37°               

0.837
37.5
7.53
Bonny Light 37°  WTI  38-40° 0.3% S    Brent 38-39°    

0.825
40.0
7.64
Statfjord  39° 

0.813
42.5
7.75


0.802
45.0
7.86
 

0.790
47.5
7.99
Tengiz (Kazakhstan) 48.2° API  12.5 mol% H2S

0.780
50.0
8.09
Heavy Condensate  45-55° API

0.769
52.5
8.20


0.759
55.0
8.31
Medium Condensate  55-60° API

0.739
60.0
8.53


0.720
65.0
8.76


0.702
70.0
8.98
Light Condensate  70-85° API

0.685
75.0
9.20


°API = (141.5/sg)-131.5    sg = 141.5/(131.5+° API)Barrels/ton = (° API/22.41) + 5.857

F 8.4      Barrels per metric ton per API gravity


T 8.3      Composition of a 35º API gravity crude oil


Molecular size
Volume %

Gasoline XE "gasoline"   (C5 – C10)
27

Kerosene XE "kerosene"   (C11 – C13)
13

Diesel fuel XE "diesel fuel"   (C14 – C18)
12

Heavy gas oil XE "gas oil"   (C19 – C25)
10

Lubricating oil XE "lube oil"   (C26 – C40)
20

Residuum XE "residuum"   (>C40)
18


Total
100

 XE "Oil:composition" 
Molecular size
Volume %

Paraffins XE "paraffins" 
12

Naphthenes XE "naphthenes" 
10

Aromatics XE "aromatics" 
20

Asphaltics XE "asphaltics" 
18


Total
100

F 8.5      Natural gas products XE "Gas:natural gas products" 

 XE "Gas:compressed natural gas" 

 XE "Gas:liquified petroleum gas" 

 XE "Gas:natural gas liquids" 

 XE "Gas:condensate" 

 XE "Gas:methane" 

 XE "Gas:ethane" 

 XE "Gas:propane" 

 XE "Gas:butane" 

 XE "Gas:pentanes" 
T 8.4      Physical constants – Light hydrocarbons XE "hydrocarbons" 










Gas Oil Ratio (GOR)

Gas oil ratio is typically measured in terms of cubic feet per barrel. The engineer J. J. Arps XE "J. J. Arps"  had a rule-of-thumb; typically GOR for black oil is equal to reservoir depth divided by 10. For example if oil was found at a reservoir depth of 7,000 feet then the amount of gas in solution would be equal to 700 cubic feet per barrel (7,000/10). This would not require substantial gas-handling facilities by world standards. However, some crudes can have a GOR of 3,000 to 9,000 cubic feet per barrel or more. 

Production XE "Production:facility cost & GOR"  facility costs are sensitive to gas oil ratio XE "gas oil ratio"  (GOR XE "GOR" ). The facilities required to handle large volumes of gas can be expensive. The natural question of course is “What constitutes a high GOR?” A GOR of 3,000 to 9,000 is certainly high and anything above 10,000 is getting close to a “gas well”  (see figure F 8.1). 

 XE "Rules of thumb:J. J. Arps' GOR" 
 





Volumetric  Comparison








The following comparison illustrates the (reservoir) volumetric results of a drilling prospect if it were to turn out to be a gas discovery instead of an oil discovery. 





Even if there is a gas market and even if gas can be sold at an oil  price parity (6:1) [two big “ifs”], oil is worth more (   





about twice as much more.  [490  vs  254 MMBOE] 








GAS

















OIL

















Reservoir Depth  (feet)                       7,500                     7,500





Drainage Area  (acres)                       5,000                     5,000





Pressure Gradient  (psi/foot)             0.433        


Initial Formation Pressure (psi)        3,248              





Hydrocarbon Saturation                       75%                       75%





Porosity Average                                    25%                       25%





Zone Thickness  (feet)                           250                        250





Reservoir Temperature (R)                  750(                       





Gas Compressibility Factor (Z)           0.87


Oil Formation Volume Factor                                           1.30           





Source: “International Petroleum Fiscal Systems and Production Sharing Contracts”,  Daniel Johnston





Water	=  8.328 Pounds per US Gallon


		=  623    Pounds per Cubic Meter





Metric Ton  =  2,204 #


Long Ton  =  2,224 #


Short Ton  =  2,000 #





Methane


Ethane


Propane


I-Butane


N-Butane


I-Pentane


N-Pentane


N-Hexane


N-Heptane


N-Octane


N-Nonane





Pentanes +


Hexanes +





Water





340.2


253.1


147.2


119.3


110.6


95.0


92.7


81.6


74.1


68.7


64.5
























































2.483


1.647


1.526





1.304





1.154


1.022


0.915


0.821


0.747





0.932


0.876





















































104.9


130.5


177.3





200.4





219.5


232.2


241.6


247.1


252.6





238.6


243.4





349.8





















































21.0


16.9


12.4





11.0





10.0


9.5


9.1


8.9


8.7





9.2


9.1





6.3





















































52.17


27.82


18.97





14.34





11.59


9.7


8.35


7.32


6.52





8.61


7.93


















































53.02


28.27


19.28





14.58





11.78


9.86


8.48


7.44


6.62





8.75


8.06














47.34


25.24


17.21





13.01





10.51


8.80


7.57


6.65


5.91





7.81


7.20














#/BBL





Symbol





C1


C2


C3





C4





C5


C6


C7


C8


C9





C5+


C6+





















































Degrees API





MCF/BBL





BBLS/Ton Metric





Metric Ton





Long Ton





Short Ton





MCF/Ton





C3





Propane





Source: “International Petroleum Fiscal Systems and Production Sharing Contracts”,  Daniel Johnston





Condensate





Natural Gas Liquids





Liquefied Petroleum Gas





Compressed Natural Gas





Liquefied Natural Gas





C5+





C4





C2





C1





Light Hydrocarbon Series





COND





NGL





LPG





CNG





LNG





Pentanes+





Butane





Ethane





Methane





Terminology





Data from Levorsen 1967. p 687 Adapted from Facts and Figures, 9th ed.. American Petroleum Institute 





Source: 





Barrels per metric ton





API Gravity (60ºF)





60





50





46





40





36





30





26





20





15





10





0





9.0





8.0





7.0





6.0





5.0





Over 200 different kinds of crudes


Most refineries cater to a mixture (cocktail) of 2-6 crudes 


Refineries are now required to be more flexible








Crude


Light naptha


Heavy naptha


Kerosene


Gas oil


Heavy fuel oil


Lube oil bases


Vacuum residue








Sg


0.87


0.69


0.76


0.80


0.84


0.96





1.02











Gravity


31.1


74.8


54.0


46.3


36.2


15.3





7.9











Yield (vol%)





9.9


13.9


15.8


29.8


50.7


14.1


28.3











Sg





0.74


0.76


0.78


0.80


0.82


0.84


0.86





0.866





0.88


0.90


0.92


0.94


0.96


0.98


1.00


1.01








Kuwait





API Gravity





59.7


54.7


49.9


45.4


41.1


37.0


33.0





31.9





29.3


25.7


22.3


19.0


15.9


12.9


10.0


8.6








      -  131.5





Specific gravity at 60 ( F





141.5





API Gravity      =





API Gravity


American Petroleum Institute
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Gravity API





Sulfur wt%





Source: BP
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WTI





Brent





Middle East Crudes





52





Quality





   40(





This general relationship provides a point of reference in the absence of hard current information. Price relationships vary from region to region and also fluctuate with time and conditions. Furthermore this relationship does not capture the effects of sulfur content.  





Condensates 
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Intermediate





Heavy Oil 
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1.5 – 3.0% price adjustment


per (  API





Oil 
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$/BBL





Average % Sulfur for US Refineries, 16 MMBOPD  =  1%.





Sour





Intermediate





Sweet





Over





2.5%





1%





.5%





Percent Sulfur





Gas





Non-associated Gas





100,000





62,500





20,000





10,000





6,666





5,000





4,000





Gas Oil Ratio


Cubic feet/BBL








10





17 - 15





50





100





150





200





250+





Liquid Gas Ratio


BBLS/MMCF





Associated Gas





Dry Gas





Oil





Temperature above which crude becomes liquid


Can be as low as 70 degrees Fahrenheit





Pour Point





10,000





100 – 2,500





Gas Oil Ratio
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API Gravity
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Recoverable  Reserves                          1.52 TCF Gas        490 MMBBLS





Recovery Factor   (Assumed)             85%                  35%





Recoverable  Reserves   


               MMBOE   (6:1)                  254                             490





(   Most Distinguishing Characteristic  -  Transportation Function





(   10 BCF gas flared daily worldwide during 1990s





(   (87% of world gas production – Intranational   (Not International) 


     A third of the International gas production is LNG ((4-5%)





(   Half of the world’s 5,000 TCF gas is “stranded” gas





World Gas Production 1999 – 240 BCFD 











Vital Statistics – Gas vs Oil



































Gas Cycling requires added capital costs for injection wells and compressors. Also, the operating costs per unit increase because the gas plant is still processing the same amount of gas but liquid yield drops off with the dry gas mixing in the reservoir. 
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Liquid Yield with re-injection starts to drop off when dry-gas breakthrough occurs. 





Liquid Yield without re-injection remains relatively constant until reservoir reaches “dew point”. 
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Physical Properties





GTL Products





Conventional Petroleum Products
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OPEX





CAPEX





Operating cost


Opex 4.2/BBL





Syngas production Capex $6.2/BBL





Feedstock


cost $3.8/Bbl


~ 50¢ / MCF





Syngas conversion Capex $3.3/BBL





Product upgrade Capex $0.9/BBL





Total Opex  $9.0/BBL





Total Capex  $10.4/BBL





Adapted from: Aurther D. Little ‘Gas-to-Liquids Conversion”
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Performance testing





Source: GTL Task Force (Australia); Syntroleum





* FEED = Front End Engineering Design





15,000





20





1.3





5.0





4.5





-0.70





0.28





0.62





1200





0.030





5.7





30,000





15





2.0





1.5





7.0





-0.85





0.35





0.55





1050





0.047





5.7





9.0%





10.0%





11.0%





12.0%





13.0%





Most likely





Gulf coast plant cost ($/DBL)





Flat oil price ($/bbl)





North Slope cost factor 
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Source: Idaho National Engineering & Environmental Laboratory 1999
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Syngas production
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Feedstock:
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LNG Plant
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$400 – 2,000 MM
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MeOH Terminal Storage 
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GTL





Feedstock:


300 MMCFD





GTL-FT Plant





GTL Terminal Storage 





$900 MM





$50 MM /ship





$50 - 150 MM





Initial In-place Volumes                     1,790  BCF           1,400 MMBBLS











One of the differences due to market constraints is timing of production. For those fortunate enough to find a gas market it usually takes longer to get on-stream and typically gas fields cannot be produced as quickly as oil fields i.e. lower P/R ratios. 
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