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Introduction 
  
Producers of LPG products have a variety of methods 
available for exporting their products.  The method 
chosen is based on several factors, such as location of 
production facilities, total quantity of product to be 
exported, shipment or parcel sizes and customer 
requirements.  
 
Foster Wheeler has experience in the design and 
construction of all types of plants with facilities for LPG 
storage and loading.   
 
This paper discusses: 
 

• The LPG market 
 

• Atmospheric storage and loading systems 
 

• Pressurised storage and loading systems 
 

• Combination of both types of atmospheric and 
pressurised storage and loading at the same 
facility 

 
This paper examines LPG storage and loading facilities 
and the techniques that may be applied in evaluating 
various storage options to provide flexible storage and 
loading operations as part of the development of oil and 
gas facilities.  
 
The paper reviews the various storage types and the ship 
loading facilities required by oil and gas companies to 
maximise the flexibility of their operations. 
 
The paper also considers the safety aspects and 
challenges encountered in the design of large and 
complex storage systems to provide the multifunctional 
systems required. 
 
The design process produces various options, which need 
to be evaluated both from an economic and energy 
efficiency standpoint. These options are also considered 
against the operational complexity and degree of 
integration with the process involved. 
 
Increasingly, energy companies are looking to be able to 
supply any market from their facilities, via long-term 
contracts with regular ship movements and/or the ‘spot’ 
market.  

The LPG market (1) 
 
The global demand for LPG has steadily increased over 
the years, roughly doubling in size since 1985 when global 
demand was approximately 114 million tonnes. Demand is 
expected to grow in every region of the world.  
 
Traditionally, when discussing the LPG market, the world 
is divided into two regions: east of the Suez Canal and 
west of the Suez.  
 

In the past, the region east of Suez has been a net 
exporter of LPG to the region west of Suez. For a 
period, this trade direction has reversed, with east 
of Suez becoming a net importer, due to high Asian 
demand and the consumption of most of the Middle 
East’s production internally for petrochemicals 
production. Asia, which has typically sourced Middle 
Eastern LPG via term contracts, has had to find new 
LPG sources to replace Middle Eastern LPG, such as 
West Africa and Algeria. In overall terms, the USA is 
both the largest consumer and producer of LPG.    
 
Although LPG production is expected to grow in 
every region of the world, as major new projects 
come on-stream in the Middle East and Asia, the 
pendulum is expected to swing back, with east of 
Suez once again becoming a net exporter.    
 
Not only have the trade patterns changed, but the 
end use demand pattern is also changing.  
 
The residential and commercial market, (R/C), 
accounts for around over half of global LPG demand. 
Most of the demand growth in this sector is forecast 
in Asia, but R/C markets in all regions are expected 
to continue to grow, albeit in single digits. 
 
The chemicals sector’s share of the global LPG 
demand is also growing, especially in the Middle 
East and Europe. Together, the R/C and chemical 
end uses dominate demand and are expected to 
continue to grow their share of LPG consumed. 
 
Figures 1 and 2 below illustrate the changing end 
use demand patterns for LPG.  
 

Figure 1:  Middle East / Asia Market Consumption 
of LPG
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Figue 2:  Rest of World Market Consumption of LPG
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Importers, exporters and distributors are under 
increasing competitive pressure due to the changing 
trade patterns and increasingly need to be flexible in 
their operations. The arbitrage opportunities in 
various regions are likely to increase and the ability 
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to load LPG from export facilities onto any type of LPG 
carrier is likely to be beneficial in an ever-changing 
market. 
 
Waterborne trade is expected to grow dramatically, so 
this paper concentrates mainly on facilities for exporting 
LPG from large production facilities. It does not discuss 
exports via road and rail.  
 

Why use atmospheric storage and loading 
systems? 
 
LPG products, namely propane and butane, have their 
critical temperatures above ambient. They can be stored 
either under pressure or with refrigeration. Selection of 
the storage option for these products depends on a 
number of factors including safety, product distribution 
requirements and cost. 
 
In order to minimise the storage space of LPG products it 
is most advantageous to store them as liquefied gases. 
For very large quantities it is most economic to store them 
at atmospheric pressure to minimise the number and 
capital cost of the tanks.  However this has to be offset 
against the increased capital and operating costs of the 
refrigeration system required to maintain the products in 
their refrigerated conditions. 
 
When evaluating which type of storage is most suitable 
for storing a liquefied gas, the economics of various 
options need to be compared. The three storage options 
available are: 
 

• Fully pressurised 
• Semi-pressurised 
• Fully refrigerated 

 
The economic break point between each option will vary 
between projects depending on: 
 

• Cost and availability of utilities and cooling media 
• Conditions and composition of product stream 
• Quantity of storage required 
• Site ambient 
• Import/export rates (continuous or intermittent) 

 
As an approximate guide, fully-pressurised storage tends 
to be used up to 3,200 m3, semi-pressurised from 2,400 
m3 to 6,400 m3 and fully refrigerated for volumes above  
6,000 m3 and up to 100,000 m3. 
 
For fully-refrigerated storage there are many options 
available: 
 

• Double concrete tanks 
• Double steel tanks 
• In ground storage (caverns) 
• Floating storage 
• Single containment tanks 
• Double containment tanks 
• Full containment tanks 
• Membrane tanks 

 
This paper focuses on the full containment type of 
storage tanks, the most commonly-used design.  
 
These tanks consist of two separate liquid 
containers. The inner tank is a metallic open top 
vertical cylindrical container set within an outer 
container, which is either a concrete tank with steel 
roof or a concrete tank with a concrete roof. The 
space between the walls is approximately one to two 
metres. An insulated deck is suspended from the 
outer tank roof over the top of the inner tank to 
reduce evaporation. 
 
Fully-refrigerated storage facilities need to be 
maintained at their refrigerated conditions, since 
there is a continuous heat inleak into these systems. 
The heat inleak into all parts of the system is seen 
as boil off gas, BOG, as the liquid evaporates.   
 
There are a number of sources of BOG within a 
refrigerated storage facility that need to be 
addressed and the gas recovered, recondensed and 
returned to the tank as a liquid. There are 
continuous and intermittent sources of BOG. The 
peak rates of BOG production are normally result 
from the combination of the highest simultaneous 
continuous and intermittent sources. This rate 
determines the size of the vapour recovery system. 
Some extreme process conditions causing excessive 
vapour production cannot be accommodated by the 
BOG recovery system and the tanks are protected 
from over pressurisation by safety relief valves.   
 
The main sources of BOG are: 
 
Continuous 

• heat ingress into the tank and pipework 
• flash gas from the normal product rundown 
• heat ingress from recirculation pumps and 

pipework 
• vapour displacement during tank filling 
 

Intermittent 
• heat ingress from internal loading pumps 
• vapour recovery from ships during loading 
• sudden atmospheric pressure changes 
• tank rollover 
• increased product rundown temperature 

 
There are several ways of recovering the BOG: 
usually it is either integrated into the main process 
plant refrigeration unit or kept as a stand alone 
system local to the storage tanks or a combination 
of both. An economic evaluation based on the 
specific project requirements should be undertaken. 
 
A simple, typical, fully-refrigerated storage and 
loading system is depicted in Figure 3.  
 
LPG product is rundown into the storage tank via a 
refrigeration package. Internal loading pumps are 
used to load ships and there is a recirculation line to 
keep the loading lines cold between shipments. 
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Vapour produced in the ship during loading is normally 
recovered on the ship by on board compressors and 
refrigeration plant. However there is normally a 
connection on the jetty to allow vapour recovery from the 
ship, this gas can be sent to flare or if within product 
specification recovered by the BOG system.  The BOG 
system comprises a compressor and in this example is 
integrated into the main refrigeration package, normally 
using propane as the refrigerant to recondense the 
vapour. 
 
Figure 3: Simple, typical, fully-refrigerated storage and 

loading system 
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For LPG storage with a capacity of 75,000 m3, the cost of 
double walled storage is approximately $200-500/m3 
depending on whether it is single, double or full 
containment type.   
 
Refrigerated LPG storage is normally used in association 
with bulk shipping for long haul international 
transportation. 

Why use pressurised storage and loading 
systems? 
 
Pressurised storage systems are smaller volume systems 
than refrigerated tanks. They are often installed for 
pressurised short haul transportation for domestic 
markets by ship, road and rail.  
 
Full pressure storage vessels are either spheres or 
cylindrical vessels (bullets). 
 
The design pressure of a liquefied gas storage vessel 
depends on the product it contains and takes into account 
the vapour pressure of the product at the maximum 
temperature within the vessel. This is particularly 
important in hot countries where heat from solar radiation 
can cause the liquid within the vessel to expand, exerting 
greater pressure. In cases where the ambient 
temperature can fall below the atmospheric boiling point 
of the fluid, for example, n-butane at 0°C, the vessel must 
also be designed for vacuum conditions.  
 
 
 
 
 
 
 
 
 

The typical design pressures and maximum 
capacities of LPG pressurised storage spheres are 
shown in the table below: 
 
Product Typical 

Design 
Pressure 
(barg) 

Maximum 
sphere 
capacity 
(m3) 

Propane 18 2,000-3,000 
Butane 7 3,000-5,000 
 
The maximum capacity of the pressurised spheres is 
limited by the maximum plate thickness which can 
be welded, typically 50-60mm. The capacity is also 
limited by the grade of steel and relevant design 
code. 
 
Pressurised bullets have traditionally been smaller 
than spheres but larger bullets over 3,500m3 have 
been constructed. 
 
There has been a move away from using pressurised 
storage spheres towards the increasing use of 
bullets. This is due to several major 
accidents/explosions involving LPG spheres. 
Pressurised spheres are open to external fire effects 
which can cause a boiling liquid expanding vapour 
explosion (BLEVE). A leak or rupture within a 
pressurised vessel can cause the formation of a 
large vapour cloud in a short space of time. This 
does not occur with refrigerated systems. 
 
LPG spheres are now rarely built in Europe due to 
the planning permission required. The spheres have 
to be surrounded by a concrete enclosure to prevent 
damage to and impact from external fires.  
 
Mounded pressurised bullets offer a safer option and 
eliminates the possibility of BLEVE. The cover of the 
mound protects the vessel from fire engulfment, 
radiation from a fire in close proximity and acts of 
sabotage, terrorism or vandalism. The catastrophic 
failure mode of a cylindrical vessel is also such that 
it can be directed away from any processing or 
occupied areas. Mounded bullet type storage is also 
used where visual impact is important. A typical 
mounded bullet is depicted in Figure 4. 

 
Figure 4: Typical mounded bullet 

 

 
 
The disadvantage of mounded bullet storage over 
spheres is the plot space required. The bullets 
themselves have a larger footprint and the space 
required for mounding adds additional cost. 
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Foster Wheeler installed LPG storage bullets on a project 
in the UK, in response to the need to obscure the storage 
site from view and preserve the natural beauty of the 
area. The height of any equipment was limited to 13 
metres due to the height of the surrounding forest cover 
which eliminated both pressurised spheres and 
conventional refrigerated tanks as options. 
 
Underground or refrigerated lobate tanks were rejected 
on technical and economic grounds. A limitation on 
equipment transportation to 3.7 metres meant that five 
vessels had to be installed per product. The vessels were 
mounded with concrete to a one-metre depth to provide 
passive fire protection. A concrete apron was also 
provided beneath, and at both exposed ends, of the 
vessel to assist safe removal of liquids.  
 
The vessels were installed on sand bed foundations which 
allowed the load to be transferred uniformly to the 
underlying sand. This required no heavy foundation work 
and offered an uncomplicated and low cost installation. 
Use of the sand foundations allowed the vessels to be 
installed early in the project and also allows vessel 
loadings to be predicted more accurately for the vessel 
design. 
 
The capital cost of bullets is substantially lower than for 
spheres, particularly in the developing countries where 
the bullets can be procured locally. 

What considerations are required in the 
design of a large and complex storage and 
loading system? 
 
Key marine system considerations 
 

• Ship sizes and types 
• Parcel sizes 
• Product mix (C3/C4) 
• Product condition (temperature and pressure) 
• Number of ship movements 
• Berth occupancy 
• Number of berths 
• Berth flexibility vs ship size 
• Safety – dispersion analysis 

 
Analysis of market requirements need to be evaluated and 
established in order to form a design basis for the marine 
system.   
 
The following graph in Figure 5 shows the distribution of 
LPG carriers world-wide, based on capacity. 
 

Figure 6:  Distribution of LPG Carriers by Capacity
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The vast majority of ships are small pressurised or 
semi-refrigerated ships.  However there are 
significant numbers of bulk refrigerated cargo 
carriers, which ship the majority of the worlds LPG. 
The number of ship movements determines the 
berth occupancy and the number of berths required 
to export the production capacity of the plant.   
 
Berths can be designed for the full range of ship 
sizes, but this adds complexity and capital cost. 
Safety aspects of mixing ship sizes and product 
types on the same berth have to be considered. The 
dispersion analysis for a leak from a pressurised 
loading operation is substantially larger than that for 
a refrigerated loading operation. For jetties with 
more than one berth, or berths located adjacent to 
other operations, this could cause a restriction on 
loading operations. 
 
Key storage system considerations 
 

• Atmospheric refrigerated tanks 
• Fully pressurised tanks 
• Semi-pressurised tanks 
• Spheres or bullets 
• No. & size of tanks 
• Location of tanks 
• Custody transfer – level or metering 
• Analysis certification 
• Vapour recovery 

 
Having established market requirements the export 
parcel types, sizes and loading rates are established.  
From this the most economic storage solution is 
developed based on capital and operating cost 
evaluations. Loading regimes, including vapour 
recovery systems, custody transfer and product 
analysis certification requirements, are determined 
since these all impose design constraints. 
 
 
Plant complexity and flexibility 
 

• Split of pressurised to refrigerated storage 
and loading 
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Key process plant considerations 
 

• Refrigerate all LPG product 
• Mix of refrigerated and pressurised 
• Load directly to ships or via storage 
• Refrigeration unit loadings and operability 

 
Studying the storage and loading system options is 
carried out in conjunction with the process plant 
operations. This is particularly true for the refrigeration 
system design for cooling the LPG products from ambient 
temperatures down to refrigerated storage conditions. 
The refrigeration plant needs to be designed to 
accommodate economically the range of operating points 
required during loading operations. In particular, vapour 
recovery from ship loading has a significant impact on 
refrigeration requirements. 
 
Energy conservation considerations 
 

• Load from pressurised tanks 
• Load from refrigerated tanks 
• Methods of heating the LPG 
• Location of equipment 

 
Process plant and energy considerations are inextricably 
linked and an economic evaluation with both capital and 
operating costs needs to be performed.  
 
Various options are discussed in the following case study. 

How can energy companies economically 
increase the flexibility of their facilities? 
 
Foster Wheeler has executed studies to evaluate the 
potential to add value to new or existing facilities by 
examining markets and economically evaluating options 
available.  
 
One example of this is the consideration of different 
options for pressurised LPG loading from a fractionation 
plant. The ability to deliver various temperatures, 
pressures and mixtures of propane and butane for loading 
was considered to be the most operationally and 
commercially desirable solution. 
 
For this application, the tankers used to ship the cargo 
had the ability to ship pressurised butane and semi-
refrigerated propane. The ability to ship smaller cargoes 
to localised markets and tap into passing trade was 
thought to be beneficial.  
 
Current loading facilities only supplied refrigerated 
propane/butane to ships over 28,000m3 capacity and 
options to increase loading flexibility were investigated. 
The range of tankers available of 10,000m3 capacity and 
less and their cargo type was studied. These had 
sufficient working pressure to ship semi-refrigerated 
propane or pressurised butane. Sizable cargoes of 
pressurised propane are not common. 
 
Four options for loading propane and butane onto semi-
refrigerated and pressurised tankers were investigated. 

The total installed capital cost was established for 
each option and the relative costs shown below. The 
study was based on an annual export capacity of 
860,000 tonnes per annum.  
 
Option 1 - Direct rundown from the plant takes the 
product before the refrigeration stage prior to 
refrigerated storage.   
Direct loading relies on accurate custody transfer 
metering and does not allow the ability to sample 
the shipped cargo other than by on-line analysis. 
Custody transfer meters were not an accepted 
method for ship loading in this plant previously. A 
commercial risk was identified relating to possible 
discrepancies in the quality and quantity of cargo. 
These may be mitigated by appropriate loading 
procedures and sampling.  
 
High levels of direct loading will cause continual 
significant operating adjustments to be made to the 
refrigeration plant every time a load is started and 
stopped. The loading rate is limited by the 
production capacity of the plant. Direct rundown 
may however be an attractive option from a capital 
cost point of view if the number of pressurised 
loadings per annum is minimal.  
 
Option 2 & 3 - Installing single/multiple product 
spheres with sufficient capacity for the largest 
loading parcel was considered to increase the 
loading rates achievable.  
This also evens out the production split between 
product going to pressurised storage and that going 
to refrigerated storage. Multiple spheres allow larger 
parcel loads to be delivered to the ship and maintain 
continuous production to the spheres. These options 
had the highest capital cost and space requirements. 
Unless a known market with substantial ship 
movements could be established, these options 
were not economically viable.  
 
Option 4 - Use of the existing refrigerated storage 
and loading system with reheating of the product 
before loading.  
 Loading from refrigerated storage and subsequent 
heating had the lowest capital cost with the 
exception of direct loading, as much of the required 
equipment was already in place. This arrangement 
can provide product at any temperature and 
pressure required by the receiving ship. This option 
is not thermally efficient - the energy requirement 
for refrigeration is wasted, energy is required to 
reheat the product and booster pumps are required 
in addition to the normal loading pumps. However 
this option gives maximum flexibility and is  
independent from plant operations. This type of 
installation has been successfully implemented along 
side a typical bulk refrigerated loading system. 
 
Option 1 - Direct loading from plant rundown – total 
installed cost (TIC): US$8.1 per tonne per annum 
(tpa)  
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Option 4 - Reheating fully refrigerated LPG from storage – 
TIC was twice that of option 1 
 
Option 2 - Loading from single product storage spheres – 
TIC was three times that of option 1 
 
Option 3 - Loading from multiple LPG spheres – TIC was 
five times that of option 1 
 
There are other infrastructure considerations to be made 
as a result of increasing the flexibility of the loading 
operations by incorporating the facility to load smaller 
pressurised cargoes. Existing berths designed for large 
refrigerated ships need to be adapted to take smaller 
ships.  This is not always possible and a separate berth 
specifically designed for small pressurised ships would 
need to be provided.  This potentially has a high CAPEX 
and would probably only be considered if the volume of 
pressurised loadings were sufficient to justify the 
investment.  New jetty facilities can be designed to take 
the full range of ship sizes, but the impact on berth 
availability should be analysed. 
 
Options 1 and 4 have the lowest CAPEX and the choice 
between these would depend on the expected annual 
volume, parcel sizes and requirements for custody 
transfer measurements.  Options 2 and 3 would generally 
only be considered for significant annual and long term 
volumes of pressurised LPG exports. 
 
Conclusions 
 
There are a multitude of options and solutions to meet 
the market needs and future developments. 
Understanding the options, constraints and costs of the 
various options available prior to undertaking study work 
adds significant value to the overall decision-making 
process.  
 
Key information required for analysis 
 

• Predicted sales 
• Global locations 
• Parcel sizes 
• Ship capacities 
• Refrigerated/pressurised mix 
• Economics, capital cost, operating cost 

 
Energy companies can utilise the expertise of experienced 
contractors who can readily advise on the many available 
options open to them. 
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