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Vapor recovery for the loading of volatile organic compounds 
(VOCs) in the maritime loading arena is a growing development, 
having been a requirement in the US and Norway for many 
years and is now becoming commonplace throughout Europe 
and other countries throughout the world. There are particular 
developments now in the Far East and Middle East.

Environmental pollution legislation is the driver behind 
the requirement to install vapor recovery systems, in terms of 
providing cleaner local environmental emission controls and 
safer working environments for the terminals and vessels being 
loaded. There are of course economic benefits from the recovery 
of a highly valuable product that cannot be ignored from any 
operating analysis of the installation of a vapor recovery unit.

One aspect often over looked during the initial planning 
of such projects, is however, the handling of the vapor stream 
between the vessel and the vapor recovery system. During the 
loading of a vessel, whether the vessel is a barge or ship, vapors 
are displaced from the holds and either, as in the past, vented, or 
as is becoming more common, routed through a vapor manifold 
ashore to a nearby vapor recovery system. There are in some 
instances, vapor recovery units mounted aboard the vessel. These 
have particular requirements for recovery of vapors during, for 
example the loading of shuttle tankers at sea.

Safe vapor handling during loading of 
volatile organic compounds
Practical vapor control measures for the handler
Simon Shipley, Aker Solutions (Vapor Recovery Business – Cool Sorption), Glostrup, Denmark

Gasoline vapor recovery unit.

Figure 1. Typical flow and HC concentration profile during ship loading operation.
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In handling volatile vapors the risk of a flammable incident 
is ever present. The safe design of the vapor handling system is 
critical issue not to be overlooked.

The displaced vapors will typically comprise of the VOCs 
in either an inerted atmosphere (nitrogen or engine exhaust 
gases), or in some cases air. Atmospheres in the holds can be 
very stratified, the layers directly above the product being 
loaded, having relatively high concentrations, this concentration 
reducing up through the hold. The result is that during the 
loading operation relatively low (lean) VOC concentrations flow 
from the vessel which, gradually increase as the liquid levels 
rise. The maximum concentrations, however, commonly occur 
as the product flows are reduced during the topping off of the 
vessel. Figure 1 provides an indicative picture of how the VOC 
concentrations may rise throughout a loading operation. Other 
significant factors affecting the vapor concentrations are the 
properties of the products being loaded.

During the loading of a VOC there is a natural degree of 
disturbance in the vessel. The effect of this is vapor growth. 
Simply put, the resulting flow from the loading operation 
exceeds the actual product loading rate. The difference between 
the vapor flow rate and the product fill rate is referred to as the 
growth rate. Other factors affecting the growth rates would be 
the temperature of the product and indeed, although to a lesser 
extent, the temperature of the vessel’s holds.

Both vapor concentration and growth rates are important 
factors to understand when designing a vapor collection system. 

Coast Guard regulations
Standards commonly referred to in respect to marine vapor 
recovery applications are the United States Coast Guard 
(USCG) regulations (33 CFR 154 Subpart E). The USCG 
issued the regulations with the primary intent of covering the 
safe installation and operation of vapor recovery applications for 
ship-loading applications. The regulations are quite prescriptive, 
although this should not relinquish the system designer from 
considering all aspects of the design in order to ensure a safe 
approach to handling the vapors is ultimately installed. 

Although these regulations are not a legal requirement outside 
of the USA, they are to date the only set of guidelines governing 
these types of installations, and have over time been very well 
proven. A system designer would be well advised to consider 
at least a review of the regulations. To be fully compliant with 
the USCG regulations, such an installation would normally be 
certificated by the USCG through an appropriate certifying body.

There is a need however, to handle the vapors safely and in 
particular in moving the vapors from the vessel to the vapor 
recovery system. Issues that need to be considered are the volatility 
of the product being handled – that is, could the VOC vapor 
mixture fall within its flammable limits and adequately-sized vapor 
piping to ensure pressure losses in the vapor collection system to 
result in over- or under-pressuring the vessel, which could result 
in vapors being vented or air being drawn into the system?

General considerations that must be considered should include:

  Vapor flow/pressure loss, to ensure that the system is 
adequately sized to ensure the vapors can freely flow to the 
vapor recovery unit.

Over- and under-pressure protection of the system. 

 Flammability of the vapor stream and the protection within 
the system against risks arising from the flammability levels.

  Vapor dilution/enrichment.

It should be emphasized that the above may not be exhaustive 
in respect to any particular system. It would be common to 
cover all of the above aspects as part of a Hazard and Operability 
(HAZOP) study of any system. 

Vapor flow and pressure loss
The vapor collection system should always be adequately sized 
to allow the vapor to flow freely from the vessel to the vapor 
recovery system. Considerations would include the product filing 
rate and the vapor growth rates. The USCG typically requires 
that a vapor growth rate of 25% be considered. That is, the vapor 
flow should be designed for flows of 125% of the product loading 
rate. Actual growth rates always depend on the product loaded 
and also the pattern of loading the vessel. Typical growth rates 
would generally lie in the range 10% to 25%, although in some 
extreme cases up to 80% has been measured. To be sure that 
adequate capacity is available, it is essential to ensure that system 
is professionally evaluated. Aker Solutions have a considerable level 
of experience in simulating vapor growth rates and the subsequent 
VOC vapor concentrations from particular applications.

In many installations the location of the vapor recovery 
system is such that the likely pressure losses in the piping system 
at the design vapor flows would result in excessively high back 
pressures, with a subsequent release of vapors through the vent 
valves aboard the vessel. Such situations are generally overcome 
through the installation of a vapor blower unit. Typically these 
comprise of specifically designed and appropriately certified radial 
or centrifugal fans and are able to provide differential pressures of 
up to 150mbar. This is usually more than adequate to move the 
vapors when including the available static head in the vessel, (i.e. 
the maximum working pressure available at the vessel), to assist in 
the displacement of the vapors.

Protego Detonation Arrester. (Photo courtesy of Protego)

World’s largest VRU for crude oil vapors, with capacity of 36,000m3/hr.
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The vapor blowers are usually var iable speed-driven to 
account for varying flows that can be expected in the system. 
The blowers installed are commonly rated suitable for Zone 0 
conditions to accommodate the likely scenario of a VOC air 
mixture entering the system. In circumstances where the vapors 
can always be guaranteed to be inerted, a Zone 1-rated blower 
may be an applicable device. Typically the blower would include a 
deflagration arrester in the suction and discharge.

The installation of a bi-directional detonation arrester in 
the vapor header generally close to the vessel is considered the 
norm, whether in an inerted or non-inerted system. The arrester 
installed should be appropriately selected for the gas group of the 
products being handled. It should be the norm also that an in-line 
filter be included in the system upstream of the arrester, providing 
protection to the detonation arrestor against plugging from 
particulate matter, a likely occurrence in vessel loading operations.

Over-/under-pressure protection
Over-/under-pressure protection is usually provided in terms 
of active and passive safety protection measures, in the form of 
pressure/vacuum safety valves, and high and low pressure switches 
incorporated into a safety shutdown system. 

Pressure/vacuum safety valve (PVSV)
The PVSV provides a means of protecting the system (ship or barge/
vapor line/VRU) from being over-pressured or under-pressured 
during loading operations. Should the pressure in the system exceed 
the maximum setting of the valve or fall below the minimum setting 
of the valve, the valve will open to relieve the over/under pressure 
and thereby protect the components of the system.

High-pressure switches initiate a shutdown of var ious 
operations through the control system, in the event of excessively 
high pressure in the vapor line. This protects the system from a 
potential vapor release or damage caused by excessive pressures, 
the set point pressures being at a level below that of the PVSV.

The precise nature of the shut-down operations resulting 
from a high-pressure trip must be clarified with the operators 
of the terminal during the detailed design phase. However, it 
would normally be expected that the following actions to be 
initiated in the case of a high pressure trip: shut-down of VRU, 
discontinuation of loading operation, isolation of vapor line.

Low-pressure switches provide protection to the system in the 
event of an excessively low pressure, in a similar manner to the 
high-pressure case mentioned above. In case of a low-pressure 
trip, the same or similar actions would be expected as for a high-
pressure trip.

Some form of SIL rating of the shutdown system would 
normally be considered in such applications. An appropriate SIL 
level is assigned through a safety/risk analysis of the overall system.

The r isk of explosion is probably the most significant 
identifiable safety risk that might arise during the loading 
operation, eliminating the likely causes of such an event is 
therefore a primary consideration. 

Enrichment and dilution
Enrichment and dilution of the vapor stream is one alternative 
means available in removing one aspect of the risk. Enrichment 
and dilution refer to the process of either lowering or increasing 
the VOC concentration in the vapor stream below or above the 
flammable range of the vapor. In the discussion so far we have 
referred significantly to vapor recovery and in such system, unless 
a significant flammability risk is identified, dilution or enrichment 
would not usually be considered necessary, with adequate 
protection being provided through the installation of detonation 
arresters, with adequate system bonding and the correct selection 
of appropriate equipment. Enrichment or dilution may however 
most likely form a requirement in a vapor combustion system.
Enrichment involves the addition of a flammable gas – natural 
gas, for example – in order to raise the VOC concentration above 
the flammable range of vapor. This is potentially a costly process 
as significant volumes of enrichment gas may be required and 
may not be recoverable.
Dilution is the reverse approach, pushing the concentrations out 
of the vapor flammable limits, through the addition of air or an 
inert gas, in effect lowering the VOC concentration in the stream. 
The result of this approach is often to increase the overall physical 
size of the system as a result of the usual requirement to add large 
volumes of the dilution gas to the flow.

Vapor control measures dur ing the loading of vessels are 
increasingly common phenomena. The implications to the safe 
handling of the vapors need careful consideration and should not 
be overlooked. The requirements of the system can be extensive 
requiring considerable attention of an experienced engineering team.

Ship loading with vapor return.
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