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ABSTRACT  

Extraction processes have been developed to be more eco-friendly 
applied processes, the most popular conventional method to extract 
essential oils is a steam distillation (SD), whereas a new technic to 
heat the plants faster is to use microwave cavity. This work is aimed 
to compare two extraction methods scaled up based on the 
experimental results obtained using microwave assisted extraction 
(MAE) for essential oil extraction from lavender flowers. The results 
proved that the capital cost for MAE mainly increased by microwave 
cavity and microwave generator, their cost were 8 times higher than 
that of conventional method steam distillation, while the operating 
cost for both of them are almost the same. However, MAE over 
short time and small area to be applied, to extract an essential oil 
from Lavender flowers. Whereas the SD has an important 
advantage over the microwave assisted extraction in terms of safety 
and cost. 

Keywords: 
Extraction processes.   
Microwave Assisted Extraction.   
Steam Distillation (SD). 
 Essential Oil. 

*Corresponding Author Email: k.abed@asmarya.edu.ly 

1 INTRODUCTION  

Several types of fragrant herb such as lavender flower, that contain a valuable volatile oil [1]. 

The essential oil from lavender is used widely especially in cosmetics, soaps and fragrances. 

The annual growth rate of essential oil approximately 7.5% of  its  global mark about $2.61 

billion dollars [2]. Steam distillation uses thermal energy in the extraction process and it is a 

well-known technology method [3]. Steam is produced by a boiler and fed to extractors where 

the biomaterial, flowers, will be boiled to extract the oil inside exploiting the volume 

proportionated by the extractors. After it, the vapour will be cooled by a condenser [3, 4]. 

Based on density difference method is used to separate the liquid mixture (water and oil) in 

the separator. Due to the nature of the boiler, thermal degradation of oil is avoided which is a 

common problem in the other production methods [5]. The thermal energy supply can be 
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controlled according to the type of oil to be distilled. It is also the best way for energy 

efficiency which is one of the main costly inputs in the essential oil industry for mass 

production [2, 5].  

This paper illustrates an evaluation of a theoretical design of a mobile unit, which scaled up 

for essential oil extraction from flowers on the basis of experimental results obtained using 

microwave assisted extraction (MAE). Higher microwave in MAE has the advantages of short 

extraction time and less energy consumption, consequently a smaller area is required for the 

mobile unit [3, 6-9]. Based on these hypotheses, the objective of the study was to evaluate SD 

and MAE methods to extract the volatile oil from the lavender in aspects of scaling up, cost 

and safety on the basis of plant design rules and experimental results.  

 

2 MATERIALS AND METHODS 

The mobile unit was designed to process (1 ton/h) of fresh lavender by steam distillation (SD) 

method. The MAE was scaled up to process (1 ton/h) on the basis of laboratory experiments 

in order to be an alternative to the SD method. The microwave extraction experiment was 

conducted using a Miniflow 200SS instrument “AET company, Kanagawa, Japan”[10] at 

optimum conditions of distillate water to lavender flowers 1:2 respectively and temperature of 

100°C, microwave power 175W and approximately 15 g of lavender. The processes to extract 

the essential oil are shown in figure 1below. 

 

Figure 1. The process of extraction essential oil. 

 

3 RESULTS AND DISCUSSION  
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In MAE much shorter time is needed to dissipate the same energy in compared to other 

conventional methods [4, 11]. In this work there was a small improvement in the yield at 

higher microwave power (above 150 W). The yield was reported to be smaller 

(1.8673%±0.054) than what was expected (above 8%) [12]. Another noticeable point is that 

the reflected power was unstable and difficult to be controlled in order to consume the same 

energy by the samples. Moreover, density calibration curve was used to obtain the yield, due 

to the limited amount of oil that was extracted. Despite all of these challenges, the study 

agrees with Thirugnanasambandham and others higher microwave power can reduce the 

extractor volume by reducing the extraction time [12]. 

3.1 The Impact of Research Findings on the Design 

In the continuous extraction process SD’s extractors were replaced by the continuous 

microwave cavity, the boiler was replaced by the microwave generator. Based on the 

experimental data Figure 2. was created to predict the yield at higher microwave power. It 

demonstrates that the yield should be above 7% at 1000 W. Similarly, found that the yield of 

essential oil from lavender was 8.86% at power of 1000 W (4 W/g). This data appears to 

support the assumption that the optimum power density is around 4 W/g.  

 

 

Figure 2. The effect of microwave power on the yield 

Since higher microwave power reduces extraction time, increasing the number of batches 

results in minimizing the extraction cavity size. The extraction time was fixed in order to 

induce sufficient energy to the samples. Higher microwave power has a dramatic impact on 

improving productivity and minimizing extractor volume resulting in small area is needed for 

the mobile unit. The effect of microwave power on the extraction time and extractor volume 

is presented in Figures 3. and 4, respectively. 
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Figure 3. The effect of microwave power on the extraction time 

 

Figure 4. The effect of microwave power on extractor volume 

Increasing solvent (water) ratio will reduce the annual profit by increasing the annual 

operating cost without any significant change in the yield. It increases the extractor volume 

resulting in a bigger carbon footprint as it is shown in figure 5. Based on these hypotheses the 

optimum water to lavender ratio should be 1:1.  

 

Figure 5. The effect of solvent ratio on yield, CO2 emission and operating cost 

As for the pre-treatment to raw materials, the chopped flower indicated an effect on the yield 

compared to whole plant as they are shown in Figure 6. However, the whole plant should be 
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used because the stripping and chopping need more time reducing the flow rate of fresh 

material. In addition, the operating cost increases and more personnel are needed.  

 

Figure 6. The effect of pre-treatment of the feed stock on the yield 

The extraction at higher temperature showed a small change in the yield. Therefore, the 

temperature should be just above the boiling point (above 98.6
o
C) in order to evaporate the oil 

and the water from the plants. The effect of higher temperature on the design by causing a fire 

will be discussed in the next section 3.2. 

Microwave assisted extraction cavity was redesigned and scaled up on the basis of the 

assumption made above. Applied microwave power was 100 kW (4 W/g). The microwave 

generator has 90% electrical conversion efficiency. The microwave operates at a typical 

commercial frequency of 915 MHz. 

 The major drawback of applying the open end in industrial microwave is a large amount of 

heat loss. Additionally, it introduces the air to the flowers during the extraction process. The 

air makes an isolating layer inside the heat exchanger and thus reduces its efficiency. That is 

why the shell and tube condenser should be replaced with a direct contact condenser.  

3.2 The Impact of Research Findings on Safety 

In microwave assisted extraction processes the most important thing is the safety of 

employees. This was ensured by revising the initial HAZOP for the new method (MAE). The 

SD hazards were the possibility of explosion and potential burning during discharging the 

vessels after every batch, whereas the major hazards associated with MAE, which must be 

taken into account in microwave extraction, include microwave leakage and radiation 

exposure, arcing and firing.   

The main hazard to operators from microwave extraction processes is the microwave 

irradiation exposure which can increase the blood temperature. Therefore, microwave leakage 

must be monitored by setting appropriate sensors in order to take immediate corrective 

actions.  

There is a possibility of arcing during the extraction process indicating a very serious impact 

of electrical contact arcing on operators’ lives. This is due to condensing the vapour inside 
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cavity wall. Thus, safety shut-off switches must be used. In addition, the conveyor belt is 

made from non-conductor material polyethylene (PE). 

Firing is another hazard might be occurred during microwave assisted extraction process. 

During the extraction process some raw material might get burnt inducing fire inside the 

cavity. This challenge can be overcome with water sprays just above the conveyor belt and 

they must be made of non-conducting material (PE). Also, enough fire extinguishers must be 

provided. 

3.3 The Impact of Research Findings on Cost 

The comparison between the steam distillation method and microwave assisted extraction 

method in terms of capital and operating costs are shown in Figure 7. The capital cost for 

MAE increased by microwave cavity and microwave generator. It was 8 times higher than 

that of SD, while the operating cost for both of them are almost the same.  

 

Figure 7. Break Even Point analysis for both in terms of capital and operating costs 

The breakeven point (BEP) analysis is illustrated in Figure 8. It is clear from both figures (red 

and blue) that SD is much more cost effective than MAE. The first needs just a year for 

reaching the BEP whereas the MAE needs more than 6 years. 

 

Figure 8. Comparison between SD and MAE methods 
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4 CONCLUSION  

Microwave extraction has been compared with a conventional technique SD, for the 

extraction of essential oil from lavender flowers. From the analyses undertaken in this study, 

SD was found much better than microwave extraction in terms of plant economy and safety. 

The SD seems to be safer than MAE for the personnel. In conclusion SD is recommended to 

be applied for the extraction of essential oil from lavender.  
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‏  الملخص

‏انبيئت،‏ ‏عهى ‏يحبفظت ‏الأكثر ‏انعًهيبث ‏يٍ ‏نخصبح عًهيبث‏الاسخخلاص‏حطىرث

‏في‏‏الاكثر‏اسخخذيب ‏‏تيعخبر‏انخقطير‏ببسخخذاو‏انبخبر‏يٍ‏انعًهيبث‏انخقطير‏انخقهيذي

‏انسيىث‏‏عًهيبث ‏"الأاسخخراج ‏انعطريتسبسيت ‏انُب" ‏حطىيرحببيٍ ‏حى ‏يؤخرا  ‏ث.

‏ببسخخذا ‏الاسخخلاص ‏عًهيت ‏خلال ‏انخسخيٍ ‏هذِ‏فانًيكرووي‏وعًهيت ‏هذفج .

‏انخقهيذي ‏الاسخخلاص ‏عًهيت ‏بيٍ ‏يقبرَت ‏عًم ‏إنى ‏تانذراست انبخبر‏‏وببسخخذا‏

وعًهيت‏الاسخخلاص‏ببسخخذاو‏انًيكروويف‏يٍ‏زهىر‏انخسايي.‏أثبج‏انُخبئح‏يٍ‏

‏انخكهفت هذِ ‏أٌ ‏‏انذراست ‏خذا  ‏كبير ‏بشكم ‏ارحفعج ‏انًيكروويف يقبرَت‏ببسخخذاو

وقذ‏كبَج‏‏نى‏حكهفت‏انًىنذ‏وانًفبعمإ‏في‏رنك‏ويرخع‏انسبببعًهيت‏انخقطير‏ببنبخبر‏

‏الاعخيبديت ‏ببنطريقت ‏الاسخخلاص ‏عًهيت ‏ ‏حكهفت ‏أضعبف ‏كبَج‏‏ثًبَيت ‏حيٍ في

‏انخشغيهي ‏انًيك‏تانخكهفت ‏ببنرغى‏يٍ‏أٌ‏حقُيت روويف‏ححخبج‏إنى‏نهعًهيخيٍ‏يخسبويت.

‏نخطبيقهب ‏أقم ‏يفبعم ‏وحدى ‏كبَ‏،وقج‏قصير ‏الاسخخلاص‏انخقهيذيت ج‏هي‏فعًهيت

 .وانخكهفت‏انثببخت‏خشغيهيتانًخبطر‏ان‏انسلايت‏يٍ‏الأفضم‏يٍ‏حيث
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