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1  Introduction 
 
A propane-air backup system has been proposed as a method to supplement the natural gas 
supply in the Anchorage, Alaska, area. Companies in most industries require a back-up system 
for their primary energy source when there is a risk of energy interruption or when such a backup 
system offers a significant economic benefit. This is true especially for companies using natural 
gas that have loads greater than 2 million Btu per hour (Algas SDI, Inc. 2011). 
 
Many industrial processes operate continuously. An interruption in the fuel supply could halt 
mass production and  result in major economic losses. In some cases—the glass industry, for 
example —fuel interruptions can be devastating, resulting not only in production losses but, 
potentially, in hundreds of thousands of dollars lost in capital investments. Most glass furnaces 
are fueled by natural gas and a disruption in natural gas service results in loss of glass production 
over several days. Mitigating this risk by using a back-up fuel system is imperative. 
 
Identifying a reliable and environmentally friendly energy source that will also offer the lowest 
possible manufacturing costs can increase a company’s competitiveness. Propane-air back-up 
systems allow companies to benefit from lower interruptible natural gas rates while relying on a 
propane-air system when needed. 
 

2  Overview of Propane-Air Systems 
 
Propane-air, also called liquefied propane gas (LPG)-air, is essentially a synthetic natural gas 
that is formed by mixing vaporized propane or LPG with air. The resulting homogeneous 
mixture can be used as a direct replacement for natural gas in combustion applications. The only 
restrictions are those processes using natural gas that are intolerant of any nitrogen, such as 
hydrogen atmosphere generators. 
 
Propane-air mixtures are typically used during high winter demand periods, when natural gas 
supplies and distribution systems are strained. Local natural gas distribution companies have a 
limited number of options available to help balance and minimize the effects of these constraints. 
Underground storage and peak shaving systems are the two primary options (Algas SDI, Inc. 
2011).  
 
The peak shaving option involves the use of either liquefied natural gas (LNG) or propane-air. A 
typical propane-air peak shaving plant consists of LPG storage facilities, truck unloading station, 
transfer pumps, propane vaporizers, air compressors, propane-air mixer, gas flow rate and 
calorific value measurement device, and system controls. The advantages of using propane-air 
peak shaving compared with using LNG are significantly lower capital investment, ease of fuel 
storage, and lower maintenance costs. The drawback to using propane-air is the higher cost of 
fuel and the need for compressed air for mixing. In most cases, the difference in initial capital 
investment is substantial enough that propane-air peak shaving systems are favored. 
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Another advantage of propane-air plants is that supplies can be trucked in; no pipeline is needed. 
In times of critical need and without other cost-effective options, propane-air plants can be a 
valuable supply option (AGL Resources Inc. 2012).  
 
An example of a propane-air system that was installed as a backup to a natural gas supply is in 
Inuvik in the Canadian Northwest Territories. Inuvik Gas Ltd. is installing a $5-million 
emergency propane-air system after a preliminary reservoir study showed that the Ikhil gas pool, 
located approximately 50 km northwest of Inuvik, has less gas remaining than previously 
believed. Inuvik Gas estimates that it will run out of natural gas sometime between 2014 and 
2018. In the future event that there is a natural gas outage, the 5-day propane-air back-up system 
will provide an uninterrupted energy supply. After the 5-day supply is exhausted, liquid propane 
would have to be brought in by truck or barge (Heiberg-Harrison 2011). 
 
A review of the open literature indicates a total of 56 propane-air facilities in operation in the 
United States (Table 1). The majority of the propane-air facilities are located along the East 
Coast because of the relatively long distance from the Gulf Coast natural gas supply and 
relatively cold winters.  
 

Table 1  Propane-Air Facilities by State 

Plant State No. Facilities 
Alabama 1 
Connecticut 4 
Illinois 3 
Indiana 2 
Iowa 2 
Kentucky 1 
Maryland 3 
Massachusetts 9 
Minnesota 4 
Missouri 1 
Nebraska 1 
New Hampshire 1 
New Jersey 4 
New York 2 
North Dakota 1 
Ohio 3 
Pennsylvania 4 
Rhode Island 1 
South Carolina 2 
Virginia 7 
TOTAL 56 

 
 
Figure 1 shows the breakdown of propane storage capacity for existing propane-air plants. The 
figure shows that the majority of U.S. propane-air plants have a maximum propane storage 
volume of 10,000 to 50,000 gallons. 
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Figure 1  Breakdown of Total Propane Storage Capacity at Existing Propane-Air Plants 

 
 
Propane-air peak-shaving systems generally 
operate as follows (Figure 2): 
 

• Liquid propane is withdrawn from the 
storage tank and, if required, the 
pressure is raised via a motor-driven 
pump. 
 

• The liquid is heated in a vaporizer to 
produce a super-heated vapor. 
 

• The propane vapor is mixed or 
“blended” with air, producing a 
“propane-air” mix. Propane-air is 
created by mixing approximately 55 
percent propane and 45 percent air. 
The mix is injected into the natural gas 
distribution system. 
 

• The volume of propane-air is normally 
limited to less than about 50 percent of 
the combined natural gas/propane-air stream (Standby Systems Inc. 2006). 

 
  

Figure 2  Propane-Air Peak Shaving System 
(Source: Hoch 2012) 
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3  Applicable Regulations and Standards 
 
In the United States, construction, maintenance, and emergency planning involving LPG peak 
shaving systems are affected by the requirements of Federal, State, and local governmental 
agencies. The U.S. Federal regulations in 49 CFR 192 (Transportation of Natural Gas and Other 
Gas by Pipeline: Minimum Federal Safety Standards), as provided in eCFR (2012), are 
particularly applicable. The U.S. Department of Transportation’s Pipeline and Hazardous 
Materials Safety Administration has primary authority for administering these regulations.  
 
The National Fire Protection Association publication NFPA 59 (Utility LP-Gas Plant Code) is 
commonly applied as a minimum standard for utility-owned plants. This standard addresses the 
materials of construction and installation and operation, with reference to other standards (NFPA 
2012). Insurers such as Factory Mutual and Industrial Risk Insurers also have specific 
requirements. Local code officials and fire departments need to be consulted prior to construction 
and trained in the safety features of any system.  
 
Some minimum distances required by the National Fire Protection Association are described in 
publication NFPA 58 (Liquefied Petroleum Gas Code). For a small system including propane 
storage of less than 2,000 gallons and a gas-fired vaporizer, the tanks must be located a minimum 
of 25 feet from the building. The tanks must be separated by a minimum of 15 feet from the 
vaporizer/mixer, and the vaporizer/mixer must be located at least 25 feet from any buildings. 
This small propane-air system requires a total area of approximately 14 feet × 42 feet. Propane 
tanks larger than 2,000 gallons must be at least 50 feet from any buildings (NFPA 2011).  
 
A larger system with a 30,000-gallon tank needs a total area of approximately 85 feet × 12 feet 
for the propane tank and approximately 15 feet × 15 feet for the vaporizer/mixer assembly. 
Distance minimums will vary with State, local, and insurance codes and will also vary according 
to the size of the propane-air peaking system (Energys USA Propane Systems 2012).  
 

4  Conceptual Propane-Air Plant for Anchorage, Alaska  
 
Propane contains about 2,520 British thermal units per standard cubic foot (Btu/scf) of energy, 
compared with natural gas, which contains about 1,000 Btu/scf. Liquefied propane (at 60 oF) 
contains a little more than 92,000 Btu/gallon. Thus, 11.257 gallons of propane contains about 1 
million Btu (MBtu or 1 dekatherm), or about as much energy as 1 million cubic feet (Mcf) of 
natural gas. 
 
ENSTAR Natural Gas Company serves approximately 350,000 Alaskans in South-central Alaska 
including Anchorage and surrounding communities. This analysis assumes that 50 percent of the 
natural gas deliveries by ENSTAR Natural Gas would be replaced by equivalent propane-air 
mixture. A “rule-of-thumb” is that 11 gallons of propane is equivalent to 1 MBtu, assuming that 
the typical caloric value of natural gas is roughly 1,000 Btu/cf, an average-day demand of 173 
million cf/day is equal to 173 billion Btu per day. 
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Replacing 50 percent of ENSTAR’s natural gas deliveries would require about 15,700 gallons of 
propane per day (i.e., 173 billion Btu per day/[11 gallons propane per 1 MBtu]) (Table 2). 

 

Table 2  Historic Natural Gas Deliveries by ENSTAR Natural Gas (Source: EIA 2012) 

Customer Type 
Annual Deliveries (Mcf/year) 

2006 2007 2008 2009 
Residential Volume 20,351,433 19,574,437 21,156,926 19,704,220 
Commercial Volume 15,623,838 15,498,064 14,707,940 13,626,906 
Industrial Volume 11,619,143 5,933,771 1,303,675 1,826,968 
Electric Power Volume 15,416,682 14,469,582 17,462,216 16,021,333 
Total (Mcf/year) 63,011,096 55,475,854 54,630,757 51,179,427 
Average-Day 
(MMcf/day) 173 152 150 140 

 
 
The cost of a propane-air system depends largely on its capacity. Small systems, with capacities 
of 10 MBtu per hour (approximately 10,000 cf/hour or 240 Mcf/day), start at under $10,000 
(plus tanks and installation). Larger systems can cost in excess of $250,000, when combined 
with large tank capacities, or when site conditions require complex installations (Alternate 
Energy Systems, Inc. undated).   
 
A book entitled Effectively Managing Natural Gas Costs by J.M. Studebaker (2005) provides a 
method to estimate the installed cost of a propane-air peaking plant, based on its size, capacity, 
and operating characteristics. The total installed cost includes the costs for propane storage tanks, 
propane-air mixer, and equipment installation.  
 
Propane storage tanks are available in many sizes. The most commonly used are 1,000-, 2,000-, 
3,900-, 12,000-, 18,000-, and 30,000-gallon gross (liquid) capacity. Net propane capacity is 
about 85 percent. Multiple tanks can be installed to achieve any desired total storage capacity. A 
typical system includes required relief valves; excess-flow valves; and gauges for temperature, 
pressure, and liquid level. Table 3 lists the costs of new storage tanks as a function of storage 
capacity. 
 

Table 3  Propane Storage Tank Costs 

Tank 
Volume 

(gal) 

Usable 
Capacity 

(gal) Cost ($) 
1,000 800 2,500 
18,000 14,400 30,000 
30,000 24,000 45,000 

 
The cost of a propane-air mixer (including vaporizer, pump, and air mix unit) is a function of 
mixer capacity, as shown in Figure 3. A linear correlation (developed by Argonne National 
Laboratory) appears to reasonably match the mixer cost data.  
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Figure 3  Propane-Air Mixer Cost as a Function of Capacity 

 
 
Table 4 provides a rough, order-of-magnitude installed cost of a propane-air peaking plant; this 
estimate assumes 6 days of propane storage and that installation costs are 70 percent of the 
equipment costs. (Installation costs include tank piers, electrical, natural gas hookups, fencing, 
and other minor activities.) The total installed cost is (roughly) estimated to be $7.1 million.  
 

Table 4  Estimated Installed Cost of a Propane-Air  
Peaking Plant with 6 Days of Propane Storage 

Component Quantity Cost ($) 
Storage Tank(s) 
(30,000 gallon) 

4 180,000 

Propane-Air Mixer 1 4,010,000 
Installation (70% 
of above costs) 

--- 2,933,000 

Estimated Total --- 7,123,000 
 
The above estimated costs are valid for situations where natural gas pressures are in the range of 
6 to 10 pounds per square inch (psi). If higher pressures are needed, compression equipment will 
be required. This equipment will cost from $20,000 on a 0.07-Mcf/day system to over $100,000 
on a 4.8-Mcf/day system. Further details on the required natural gas distribution pressures are 
needed to estimate the costs for needed compression equipment. 
 
A detailed engineering study (including costs) is recommended to determine the 
characteristics of a propane-air facility appropriate for supplementing the ENSTAR 
natural gas system.  
 
On the basis of the available literature, there appear to be six major producers of propane in 
Alaska (Table 5), two of which are located on the Kenai Peninsula. These facilities may have 
excess propane that could serve as a potential future supply if a propane-air facility is installed.  
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Table 5  Major Propane Producers in Alaska 

Organization 
Name 

Plant 
Name 

Plant 
County Plant Description Type 

BP Endicott North 
Slope 

Plant came on-stream in October 1987 to process 
associated gas from the offshore Endicott field on 
Alaska’s North Slope  
 
Available gas is related to crude oil production rates, 
and is averaging well in excess of the listed plant 
capacity 

Gas 
processing 

BP Lisburne North 
Slope 

Plant came on-stream in 1986 to process associated 
gas from the Lisburne area, including Point McIntyre 
field, on Alaska’s North Slope 

Gas 
processing 

BP Prudhoe 
Bay 

North 
Slope 

Plant came on-stream in late 1986 at a raw gas 
capacity of 3300 Mcfd. It was expanded late in 1990 
to a nominal 5,100-Mcfd and eventually rerated to 
current capacity to process associated gas from 
Prudhoe Bay field 

Gas 
processing 

Chevron 
Corporation 

Swanson 
River 

Kenai 
Peninsula 

Plant processes gas from the Swanson River field Gas 
processing 

Tesoro 
Petroleum 
Corporation 

Kenai Kenai 
Peninsula 

Rated crude oil is 72,000 bbl Refinery 

Flint Hills 
Resources LP 

North 
Pole 

Fairbanks 
North 
Star 

Operating capacity is 220,000 bbl/day Refinery 
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