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1 Abstract 
This paper presents a checklist for those involved in steam distillation of 
lavender oil, and some explanations linking theory to operating practice.  The 
major processes and performance measures of still operation are identified.  
The checklist includes the basic abilities, understandings and operating 
principles required by those operating stills, especially those providing a 
commercial service to clients.  The same checklist defines what the clients 
can expect and should receive from the still operators.   

2 Steam distillation – the process 
Steam distillation is the use of heat from steam to extract volatile compounds 
from plant material.   

For lavender, use direct steam only – not hydro-distillation where the plant 
material is immersed in water.  There are two main options for sources of 
steam – 

 An integrated boiling chamber within the stillpot that provides only very 
low pressure, wet steam.  This is adequate provided the still is only going 
to be used solely for lavender or other species with external oil glands 
and absorbent plant material. 

 A separate boiler – a significant working steam pressure – up to 700 kPa 
allows superheating to control moisture content of steam and use for a 
range of crops and materials with oil glands inside the plant tissues. 

2.1 The major processes 
There a six major processes that need to be considered separately to 
understand the basic theory and how they can be optimised.  

 handling plant material 

 pre-heating the harvested material 

 vaporisation of the oil 

 entrainment of the oil vapour and removal from the stillpot 

 condensation of the mixed vapours  

 separation. of the immiscible oil and water phases 
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Each process is critical for success and must be tuned for best performance.  
Detailed discussions of theory and process are available in Tim Denny’s book 
“Field Distillation of Herbaceous Oils”. timdenny@southcom.com.au .  I can 
assist with applying the available information to tuning distillation plant locally.  
The layout and scale of these processes is flexible but economies of scale 
are essential for affordable extraction and profitable operation.  The 
illustrations show a pilot scale still, a small commercial scale still, and a large 
mobile commercial still for broad acre crops.  The design of distillation plants 
is another subject entirely and must be optimised for each particular plant, 
depending on scale, diversity of crops, and oil quality and value. 

2.2 The measures of performance of distillation plants 
Any distillation plant must offer the best possible results in the three major 
measures of distillation performance - 

 oil yield  

 oil quality 

 production cost efficiency 

Each measure has direct effect on both the distiller and grower client.  Market 
prices of lavender oils, especially Grosso, are very competitive.  Growers 
need to minimise production costs but maintain good quality and should 
expect that from distillers.  A professional distiller must satisfy those client 
needs and expectations by good understanding and efficient operation of the 
distillation process. 

3 Checklist 
The checklist identifies the basic aspects of the six processes that must be 
optimised in a professional operation. 

3.1 Materials handling 
 Evaluate the state of the harvested material. 

 Protect the quality by rapid processing and proper storage conditions. 

 Remedy any obvious faults such as free moisture or contaminating 
material. 

 Use cartridges to make loading and unloading more efficient and save 
labour costs. 

 Avoid double handling and use safe lifting hoists for loading the still. 

 Reliably identify each batch in detail. 

 Maintain high packing densities when loading the still. 

 Dispose of waste materials – water and plant matter – in a responsible 
and legal manner. 
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 Protect the quality of the oil according to pre-defined drying and storage 
requirements until the client takes delivery of the oil. 

 Maintain good hygiene within and around the still at all times to prevent 
carry-over or off-notes. 

3.2 Pre-heating 
 Boiler capacity must be adequate to achieve a condensate stream from 

the heaviest possible batch within five minutes of turning the steam on. 

 This requirement determines the capacity of your boiler or heating 
system. 

 If the working boiler pressure is greater than 210 kPa, check that the 
bottom layers of plant material are not being dried by excessive 
superheating and producing off-notes.  The main steam flow control 
valve should be close to the boiler so that the steam can cool and 
saturate with moisture before entering the stillpot. 

 If using the full flow rate from your boiler, do not fully open the control 
valve suddenly.  Water treatment chemicals can be sucked through 
during the sudden pressure drop, and contaminate your plant material 
and oil. 

 An air vent should be fitted to allow the air in the stillpot to be vented 
instead of forcing it through the condenser. 

 Ensure the liquid trap in the steam line between boiler and stillpot works 
efficiently 

 Monitor the stillpot pressure in case plant material blocks the stillpot 
outlet and ensure the safety valve at the stillpot inlet is set correctly and 
effective. 

 Save heating costs by reducing the steam flow as soon as the first 
condensate appears from the condenser. 

 Maintain stillpot temperatures between batches by good insulation, and 
preferably by fitting a heating coil around the outside of the still pot. 

3.3 Steady state distillation 
The steady state of distillation is when an equilibrium is established between 
the heat transfer, vaporisation and vapour entrainment processes.  The 
checklist must be repeated for each cultivar because of differences in 
properties of the plant material and in the oil composition. 

 Determine accurately the minimum steam flow that maintains your 
extraction rate (mls oil/minute) and efficiency (mls oil/litre of condensate), 
and prevents excessive condensate accumulation in the bottom of the 
stillpot (< 1 litre/batch of >100 kg). 

 Mark steam control valves to pre-determined flow rates, but allow for 
ambient temperature variations. 

 Compile oil accumulation profiles that indicate accurately the expected oil 
yield during distillation. 



 
Page 4 

 

 Learn to evaluate by nose the changes in oil composition during 
distillation and to adjust distillation time to maximise oil quality or satisfy 
the client’s requirements. 

  Determine the economic endpoint by combining steam costs, oil value, 
composition and quality changes of oil during distillation. 

 Minimise costs and pass on savings to clients. 

3.4 Condensation 
 Determine by detailed calculation that the condenser can cope with the 

maximum steam flow to be used for any oil planned for distillation. 

 Ensure that the condenser drains completely to avoid hold-up and carry-
over of oil and to allow complete and easy cleaning with steam. 

 Use a cooling water supply with steady pressure and circulate the water 
in at the cool end and out at the end nearest the stillpot. 

 Adjust the flow to maintain a constant condensate temperature of 45-
50oC.   

 Mark water control valves to pre-determined flow rates, but allow for 
ambient temperature variations. 

 Circulate the hot water (≥90 oC) from the outlet through a tank to supply 
the boiler, before running it to waste.  This is a major saving of heating 
costs. 

3.5 Separation 
 Determine by detailed calculation that the separator gives adequate time 

for good separation with the maximum condensate flow to be used for 
any oil planned for distillation. 

 Ensure that the separator is constructed to allow complete and rapid 
draw-off of accumulated oil, so that accurate accumulation and extraction 
profiles can be prepared. 

 Pre-heat the separator to 45-50oC with a steam wand or heating element 
before the first run of the day, and between runs if necessary.  If the 
condenser cooling water is stable and adjusted correctly, the condensate 
heat should maintain the separator heat adequately. 

 Arrange the plumbing so that the condensate is introduced into the 
separator with a minimum of splashing to avoid formation of small oil 
droplets. 

 Routinely check for excessive oil loss in the waste water by allowing a 
bucket of condensate to stand and checking for the amount of oil on the 
surface after an hour. 

 Monitor condensate flow regularly with a graduated container. 
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4 Explanations 
4.1 Pre-heating 

This requires the highest rate of heating and energy use, the fastest steam 
flow and therefore greatest boiler capacity of the whole process. 

It is critical that the boiler capacity is sufficient to heat from cold to a stable 
condensate flow in 5 minutes or less to avoid hydrolysis of the esters in the 
oil.  

Steam flow rate during heating may 5 times that of the stable lower flow for 
the actual extraction of the oil.  This is the main determinant of boiler 
capacity. 

The main symptom of hydrolysis is when the level of linalool approaches that 
of linalyl acetate.  When linalool exceeds linalyl acetate in dry Grosso or L 
angustifolia flower heads, the problem is serious and requires immediate 
attention. 

4.2 Vaporisation  
The liquid oil must be heated to turn it into vapour. 

The necessary heat comes from condensation of stem on the flower head 
surfaces. 

When the external oil glands burst, the oil and condensing steam mix in a 
widespread film 

The hairy surfaces allow a big area of film to form and this allows rapid heat 
transfer. 

The adsorbent surface can hold a lot of water, so wet steam with a higher 
heat content can be used 

Lavender oil can be extracted quickly because the oil compounds are very 
volatile (low boiling points), a big film area of film is established for heat 
transfer, and the absorbent surface allows the use of steam with a greater 
heat content. 

4.3 Entrainment 
Once vaporised, the oil components diffuse and mix through the steam 
vapour phase. 

The steam then becomes a carrier the oil vapour. 

Because the oil vapour can condense on any cooler surface and go into a 
reflux cycle, insulation must prevent condensation  of the mixed vapour 
before it enters the condenser. 

For maximum efficiency, the depth of the harvested material and steam flow 
rate must be adjusted so that the steam is saturated with oil vapour when it 
leaves the stillpot. 
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This phase is your major heating cost, so it is critical to reduce the steam flow 
to the  minimum that maintains your extraction efficiency, and prevents 
excessive condensate accumulation in the bottom of the stillpot. 

4.4 Condensation 
This process is the transfer of heat so that the mixed vapour is cooled to 
below its boiling point and it becomes a liquid consisting of two phases. 

The capacity of the condenser must be matched by precise calculations to 
the maximum steam flows to be used for distillation. 

The heat in the cooling water – approximately 90oC - is frequently wasted, but 
for cost efficiency, must be recycled to the boiler intake. 

4.5 Separation 
Lavender oil separates because it is lighter – i.e. has a lower density – than 
water.   

The immiscible oil phase contains only those compounds that are insoluble in 
water.  Much of the water soluble compounds remain in the water phase and 
passes through the separator in the waste water. 

The rate and extent of oil accumulation are critical in determining oil yield and 
are determined by several factors. 

Big oil droplets separate better than small, so care should be taken to avoid 
excessive splashing and drop disruption during entry of the condensate into 
the separator. 

The difference in density between oil and water increases as temperatures 
rise, so separation is better in a warm separator (45-50oC) than a cold one.  

It takes considerable time for small drops to rise and accumulate at the top of 
the separator.  The capacity of the separator  must be matched by precise 
calculations to the maximum condensate flows to be used for distillation. 

5 Performance measures 
It is essential that the performance of every distillation plant be tuned for each 
different oil that is processed.  All the basics in the lists above should be 
checked and met as part of the initial commissioning of the plant.  Then the 
major operating variables can be fine tuned to ensure customer satisfaction 
and plant profitability.  The distiller should document each batch with 
sufficient detail of operating factors that the distiller or client can identify the 
cause of any performance shortfalls. 

5.1 Oil yield 
The grower puts a lot of effort into producing the best flower heads possible, 
and rightly expects distillation to retrieve the best possible oil yield from their 
material.  The major losses of oil yield are – 
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 Slow pre-heating - This can allow excess water to build up in the charge 
and then run down into the base of the stillpot, carrying considerable oil 
with it.  Monitor the  volume of condensate in the base of the stillpot 
regularly, with a suitable drain point and calibrated container.  Check that 
heating capacity is adequate, and that the moisture trap in the steam 
feed line is working to prevent excessive moisture content in the steam. 

 Inadequate distillation time – Obviously a short distillation time will 
reduce the amount of oil extracted.  A reliable oil extraction profile must 
be prepared for each still and each oil, to determine reliable distillation 
end-points. 

 Inadequate steam flow during distillation – The steam flow must be 
sufficient to provide enough heat to keep the oil and water vapour 
moving up through the flower heads and out of the stillpot.  If it is not, 
liquid water and oil will run back into the base of the stillpot. 

 Uneven packing of flower head material in the stillpot – This can allow 
uneven distribution of steam, leaving significant quantities of oil in some 
flower heads.  Check the distilled material by nose.  If the normal smell of 
oil is present, extraction is incomplete. 

 Inadequate condenser capacity – Any sign of steam issuing from the 
outlet of the condenser indicates that condensation is incomplete.  Check 
water flow and inlet and outlet temperatures to determine that the water 
flow and the condenser capacity are adequate. 

 Inadequate separator residence time – If the separator volume is too 
small, or the condensate temperature is too low, the smaller oil droplets 
will be swept out of the separator and lost.  Let a sample of waste water 
stand for one hour and check for floating oil. 

The oil yield is a simple numerical value – mls of oil/kg of flower heads – and 
is easily evaluated by comparison against an expected yield range for each 
cultivar. 

5.2 Oil quality 
The grower can also rightly expect the distillation process to avoid 
degradation of oil quality. The major causes of quality degradation are – 

 Slow pre-heating – This is almost certainly the most common and 
obvious factor.  In addition to the symptoms above, the ratio of the levels 
of linalyl acetate and linalool may be drastically reduced during pre-
heating by hydrolysis of linalyl acetate to linalool.  This effect is 
compounded by moisture left in the flower heads when they are loaded 
into the still, and inadequate steam flow.  Such degradation of quality is 
seen too often in the annual samples sent in for analysis. 

 Incorrect moisture content of steam – Excessive moisture content may 
cause similar effects as slow pre-heating or inadequate steam flow.  
Excessively super-heated and therefore dry steam may cause 
temperatures well in excess of 100oC in the lower layers of flower heads 
and cause unexpected aroma notes from less volatile compounds, or 
offnotes. 
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 Distillation plant hygiene – It is easy to introduce unwanted oil 
components by carry-over of oil from previous batches of a different 
cultivar that can be held up on surfaces in the stillpot, condenser and 
separator.  Cleaning is simply done by running steam through the whole 
system without turning the condenser cooling water on, until there is no 
smell of oil in the emerging steam.  Separators are easily cleaned with a 
steam wand.  This must be done before and after each batch of 
harvested material is processed.  Chemical cleaners should only be used 
as a last resort, and then rinsed out exhaustively.  This also applies to oil 
storage containers.  

 Sealing materials – All materials used for sealing joints in the steam 
lines, stillpot, condenser and separator must be steam and oil resistant 
e.g. resistant Neoprene, so that contaminants are not dissolved out of 
the seal surfaces that are in contact with either liquid or vaporised oil.  
This quite a regular occurrence with cheap homebuilt stills.  This can be 
avoided by the use of appropriate standard stainless steel dairy fittings 
and resistant seals, that also offer easy dismantling and cleaning. 

Both distiller and client should be sufficiently able to detect the more obvious 
faults in oil quality by nose e.g. offnotes, to evaluate the oil straight off the 
still.  Gas chromatographic analysis offers numerical data to indicate if the oil 
is true to the cultivar and meets recommended composition specifications.  
Both distiller and client need to be able to discuss, promote or defend the 
aroma of the oils produced in the non-numerical language needed to 
describe subjective impressions. 

5.3 Cost efficiency 
The cost of the energy to produce steam is the most obvious major operating 
cost, and efficiency depends largely on plant design to conserve energy and 
plant operation to minimise the mount of steam used.  Such efficiency can 
usefully be measured in mls of oil produced/kg of steam used. The two major 
factors are – 

 Conservation of energy by recycling hot water from the condenser outlet 
to the boiler feed tank. 

 Ensuring the steam leaving the stillpot is saturated with oil by optimising 
packing density, charge height, steam flow and steam moisture content. 

Large savings can almost always be made be made in labour costs because 
insufficient attention is paid to logistics and materials handling and labour 
time is often under-charged.  Efficiencies here should be measured in terms 
of the batch cycle times (number of batches per working day) and $/batch.  
The major factors are – 

 Maximum batch weight possible – This is an important feature of the 
plant design, and many of the stills in New Zealand are too small.  
Maximum packing density should be sought by good packing and 
appropriate flower head stem length.  

 Minimum manual handling – All stills should use cartridges (minimum 2) 
to minimise loading/unloading time and labour.  Although mechanised 
harvesting is increasing, loading is still largely manual.  Harvesting 
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directly into cartridges is possible and enables major savings in time and 
labour costs. 

 Material handling logistics – Reception, storage and disposal of 
harvested material should be carefully planned to minimise time and 
handling costs. 

The overall production efficiency comes down to $/kg of oil produced, and a 
distiller must have an understanding of all components of that efficiency to be 
able to achieve a professional result or offer a professional service.  Pricing 
of lavender oil is extremely competitive and New Zealand has net been able 
to compete on price with many other countries.  There is room for significant 
improvement in both efficiency and cost of oil production in New Zealand, but 
to date, I know of only one still that has undertaken adequate tuning of still 
performance.  If oil production is to remain viable, I strongly suggest 
advantage is taken of AGMARDT funding that is available for a group of still 
operators to obtain the necessary information and to undertake performance 
tuning of their stills. 

 
 
 
 




