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ABSTRACT
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The aim of this thesis was to identify the best grease removal technique with the application
of low power of UV light to TiO2 coated grease filters. The treatment with various power
series of ozone generating and ozone free lamps to normal grease filters and TiO2 coated
grease filters were examined and the obtained results are compared to each other in this
paper. The effect of ozone reaction was observed and compared with the effect of TiO2.
The experiments were solely based on the photo oxidation and photo catalytic oxidation
reactions. TiO2 is a green catalyst used in the photocatalytic reaction. Sunflower oil was used
for grease production and tetracholoroethylene as a solvent. Grease samples were collected
from the ventilation duct connected to the cooking hood system. Sample extraction was done
in ultrasonic bath with the principle of sonication. The sample analysis was done by FTIR
machine. The result determining the concentration of grease was the quantification of
saturated C-H bonds in the chosen peak group of the spectrum.
A very low power of UVC light functions perfectly with the Titanium dioxide. The
experimental results have shown the combined treatment of titanium dioxide and UV light
is an effective method in grease removal process. The photocatalytic reaction with titanium
dioxide is better than photo oxidation reaction with ozone treatment. Photocatalytic reaction
is environmentally friendly, energy efficient and economical.
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1.0 INTRODUCTION
Delicious fragrances are the alluring part of the good cooking, but cooking produces
moisture, grease, odors, noise and heat from oven that damage the surrounding areas. Steam
production from cooking condenses on windows and walls and makes it dirty. Carbon
monoxide and grease are highly flammable elements produced from cooking that can cause
big fire in the kitchen. Smell and noise obtained from the kitchen are other factors of
environmental pollution. Among these non-inevitable substances, grease is the most harmful
production of the kitchen. It accumulates in the kitchen surroundings; especially in the
ventilation ducts. The accumulation of grease in the ventilation ducts is the common problem
in many commercial restaurants and hotels. It can cause a fire, health problems of kitchen
workers, reduce the ventilation efficiency and damage the building construction. The
ventilation equipment manufacturing companies are aware of this problem and trying to
identify the best treatment solution for it. The most commonly applied treatment solution for
accumulated grease is the application of ultraviolet (UV) light in connection with multi filter
system, which is practiced by many ventilation-manufacturing companies nowadays. Some
renowned kitchen ventilation manufacturing companies are working hard to improve the
best efficient grease cut off techniques with the application of UV light grease filtration
technology. Such companies have designed different optional products for grease filtration.
Jeven Oy is one of the top ventilation equipment manufacturing companies in the world and
has been working continuously to improve its best products at the best efficient level. This
thesis paper is the outcome of its best practice to improve its grease filtration techniques.

The grease removal efficiency is dependent on the types of grease particle. According to the
test done by VDI 2052, JCE filter alone can remove 10 % of 4 μm, 57 % of 8 μm, 88 % of
16 μm, and 96 % of 32 μm grease particles. (Cheung, n.d.). Most of the exhaust air cleaning
equipment manufacturing companies say that UV grease filtration technology can remove
almost all grease particles from the kitchen exhaust but it is not proven practically. Jeven
Oy realizes that further improvement can be done to this system. Thus, one of the objective
of this research project is to identify the better grease removal efficiency of this system. The
other aim of this project is to reduce the consumption of electric power in the current grease
filtration unit i.e. to improve the energy efficiency of the current grease filtration system.
Currently, JCE+UV filter unit has been using 6 UVC lamps; 40 W power of each. Therefore,
this research is intended to reduce the amount of UVC lamps (electric power) at the most
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possible options. The project has aimed to improve the grease removal efficiency of the
system with the application of TiO2 coating in the grease filters. The experiments are mainly
based on the testing of TiO2 coated grease filters and the UVC lamps of various power series.
The efficiency of the system is determined also from the TiO2 coating techniques on the
grease filters. Thus, various TiO2 coating methods have been used for the experiments.

The project has also concerned on the effect of ozone treatment in the grease removal
process. Many commercial ventilation companies have been using the ozone producing light
in their grease treatment solutions and Jeven Oy itself is using this technique in its current
grease removing products. According to Danish Working Environment Service, the
concentration level of ozone more than 0.1 ppm is very harmful for human health (JIMCO
KPC, 2002). Thus, EU and Danish Environmental Authority has set the limit value for ozone
is 0.1 ppm for a room. The smell of ozone is felt when it is produced and it causes headache
and irritation to skin and eyes if the smell amount is high. The Danish Environmental
Authority has set smell limit for ozone is 0.02 ppm. Above 0.02 ppm, ozone begins to smell
like a Xerox machine that has copied many copies in a row (JIMCO KPC, 2002). Many
kitchen ventilation manufacturing companies have used the ozone producing lamps that
produce higher amount of ozone concentration than 0.1 ppm. Thus, Jeven Oy would like to
innovate a new solution that is either producing very low amount of ozone concentration or
not producing ozone at all. Therefore, this thesis project is carried out to research on the
possible abandon of ozone producing lamps used in the Jeven Oy’s products.

The effect of TiO2 coatings in the grease filters has also been studied in this thesis project
work. Different types of TiO2 crystals and methods was applied for the coatings of grease
filters. The aim of testing the different types of TiO2 coatings was to examine the treatment
capability of different crystal structures of TiO2 and applied coating methods. The grease
filtration efficiency of the coating methods have been compared to each other and the best
coating method has been identified which can be utilized in the coating of any objects or
places. The idea of testing different TiO2 crystals and coating methods was to obtain the
highest efficiency of the grease filters. The obtained best coating method can be
implemented in the coating of grease filter in the future.
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This project is the extension of the Jeven Oy’s previous project in connection to
Lappeenranta University of Technology (LUT) for the bachelor thesis work. The outcome
obtained from the bachelor thesis project was positive signal for the development of efficient
grease removal system/product. Thus, Jeven Oy decided to launch the same project work as
master thesis project. However, the aim of this research was to investigate all possible
improvements for the grease removal techniques.

The main focus of this research work is the improvement of the grease filtration technique.
Improvements of two main grease filtration products; JCE+UV filter unit and Turbo swing
are the original project plan of the Jeven Oy in this project. The improvements include
reduction of UV lights used in the kitchen ventilation canopy i.e. energy efficiency of the
system, filtering capacity of the rotating and rectangular grease filters developed by TiO2
coating methods and reduction of ozone gas production from the UVC lamps. The series of
experiments for different power of ozone generating and ozone free UVC lamps and
different TiO2 coatings on grease filters have been compared to each other and recommended
for the better efficient grease filtration technique for the new product development in this
thesis paper. The following chapters of this written paper will describe the detail background,
methods and results of the entire research.
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2.0 KITCHEN VENTILATION SYSTEM
Kitchen ventilation is a branch of ventilation system that provides the cleaning of dirty air
produced in the kitchen and supplies the required fresh and clean air into the kitchen to
maintain the good air conditioning in the kitchen. The factors causing the problems in the
kitchen ventilation system are grease, smoke, odors and waste heat. Common sources of
these exhaust gases and fumes are dishwasher and cooking stoves. Dishwasher produces
harmful vapor and air that carries particles of chemicals used in it. The vapors condensate at
the lower pressure and temperature points and set down on the equipment used in the kitchen
which damages and corrodes these equipment (Alexandrova, 2009). To avoid this problem,
condensation of air should be prevented and needs to use the hood material that can resist
the corrosion. For example stainless steel and aluminum are such materials. It has been learnt
that steam condensate is accumulated on the 5-7 cm of duct height above the dishwasher
machine (Alexandrova, 2009). Thus, exhaust duct in the condensate hood should be installed
some angle to the dishwasher in this height. Similarly, kitchen stoves produce high
temperature that causes working environment more uncomfortable and makes the kitchen
air warmer. To avoid this problem a hood is installed above the stove which traps the warm
air from the kitchen and supplies fresh air into the kitchen. Other impurities obtained from
the kitchen such as grease and particles are controlled by filtering system.

A perfect kitchen ventilation system should provide efficient cleaning of cooking fumes and
other impurities near to cooking equipment or oven. It should help to make comfortable
environment by removing excess hot air by introducing the incoming cool clean air. Kitchen
ventilation system should ensure that the air flow in the kitchen does not cause discomfort,
it provides enough air for total combustion at fired appliances, and prevents the risk of
carbon monoxide accumulation. Kitchen ventilation system should be easy to clean. It
should be prevented from the accumulation of fat aerosols and blocking of air inlets. Kitchen
must be silent and vibration free. It should be able to prevent the loss of efficiency of the
system and risk of fire. The comfortable environmental parameters in the kitchen are: 20 0c
temperature in the winter and 28 0c in the summer with the maximum difference of 6 0C
outside temperature, relative humidity should be approximately 70 %, and air velocity less
than 0.5 m/s (XPAIR.com, 2013).
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Figure 1 below demonstrates how the kitchen is equipped with the ventilation and other
cooking materials.
wire net
filter bank
Supply hood

Commercial
kitchen hood

Cyclone
grease
filter

Figure 1: kitchen ventilation system (Jeven, n.d.)

As shown in the figure 1, a kitchen ventilation system includes many different small units
depending on the design module of the kitchen hoods. Hoods are usually designed on the
basis of air cleaning requirements and other physical conditions of the kitchen such as shape
and size of the kitchen, types of foods used in the kitchen and construction of the kitchen
ventilation system. The non-visible part of this kitchen hoods includes damper
plates, measurement taps, pressure sensors, pressure measuring hose pipe, light fixture and
cleaning door. If the hood is designed for grease filtration with UV light, it also contains UV
– box above the wire net filter, UV – control unit, UV- control touch panel and control panel
cable.

The hood is always connected to the ventilation pipe which is extended to chimney. Exhaust
air discharge and supply air entry is made either with the same ventilation pipe or with the
two different pipes. Maintenance and scheduled cleaning of the hood and its parts are done
according to the standards given in the types of hood equipment and applied grease filtration
techniques.
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2.1 Design of kitchen ventilation system
There are several factors need to be considered when designing the kitchen ventilation
system. For example; workload of the kitchen, amount, type and power of the cooking
equipment used, shape and size of the kitchen area, number of employee working in the
kitchen, need of easy cleaning and maintenance, and energy efficiency. According to the
workplace (Health, Safety and Welfare) Regulations 1992 of United Kingdom, employers
must provide effective and suitable ventilation in every enclosed workplace (HSE, 2012).
This regulation also includes kitchens where safe and comfortable working environment is
needed. Thus, kitchen should include a canopy hood over the cooking appliances for the
mechanical extraction of fumes, vapors, and heat and discharge them to a safer place.
Similarly, gas fired appliances need adequate make-up air to avoid the incomplete
combustion and accumulation of carbon monoxide (HSE, 2012). It is necessary to
consider this regulation due to the direct impact of general ventilation requirements on gas
fired appliances.

Design of canopy hood should ensure the effective removal of cooking fumes. Size of the
canopy hood must be able to collect almost all the fumes obtained from the cooking so that
fume spillage into the kitchen is minimized. It should be located as near as possible to the
fume source but not disturbing the work requirements. The flow of air into the canopy should
be steady and constant, and fulfill the design flow for the appliances and room ventilation
rate (HSE, 2012). All the ductwork and canopies need to be constructed with the
non-combustible material and make it to discourage accumulations of dirt or grease, and
condensation. Grease filters need to be easily removable for cleaning purposes or
replacement (HSE, 2012).

2.2 Kitchen Air System
Discharge of huge volume of extracted air can damage the neighboring properties and thus
it needs to be carefully manipulated to prevent nuisance. The devices such as rain caps that
can obstruct the upward vertical velocity of discharged air should be placed carefully.
Similarly devices that direct the discharge downward needs to be avoided because they insist
to produce down draught and re-entry of fumes into the kitchen. Fume discharge should be

- 17 -

located away from wet cooling tower. Maintenance of the kitchen ventilation should be in
working order according to the instructions given by the manufacturer (HSE, 2012).
2.2.1 Exhaust air

The kitchen consists of polluted air and bad smells due to the various kitchen performances.
The pollute air in the kitchen comes from the areas for boiling, cooking, and roasting of
vegetables and meat preparation as well as distribution. Such dirty air should be manipulated
carefully. Thus, exhaust air system should design in such a way that undesirable elements in
the exhaust air is separated with efficiently.
2.2.2 Replacement and cooling air

Extracted air should be replaced by fresh, clean and germ free air. The replacement of air is
usually done by mechanical method. In the smaller kitchen, the air can be drawn naturally
via ventilation grilles in walls, doors and windows but controls over pest entry should be
considered. For the larger kitchens, replacement of air is done by mechanical system in
combination with a fan and filter. The supply air should not be taken from dirty areas such
as waste storage, smoking areas. If the gas appliances are used in the kitchen, its performance
should not be impaired by make-up air (HSE, 2012).

Incoming fresh air helps to prevent the kitchen becoming too warm and balance the extracted
hot air. It makes the work environment safe and suitable for kitchen staffs. It also reduces
the fire risks in the kitchen. Mechanically the fresh air is sent to hot work areas in the
professional kitchen. Alternatively, air conditioning or fans are installed at the position
where efficiency of the fume extraction is not affected (HSE, 2012).
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3.0 CONSEQUENCES OF GREASE EMISSIONS FROM THE
KITCHEN
Grease is one of the harmful waste products produced in the kitchen. It is liquid or solid in
the particulate form and is suspended in the air. The size of the particulate can vary from
0.01 to 100 µm (Livchak, et al., 2003). Grease vapors present in the kitchen fumes are even
smaller than grease particulates. Vapors are condensable and is condensate in the exhaust
ducts and hoods.

Removal of grease from the kitchen fume is an important concern on the professional kitchen
operation. If the grease is not properly filtrated, it will drastically increase the risk of big fire
in the kitchen. It accumulates in the exhaust ducts and increases the cost of duct cleaning.
The ventilation fan and other equipment in the duct may become unbalanced and ultimately
lead to a failure. The grease may deteriorate the roof materials of the building. It produces
very bad smell around the restaurant. Generally emissions below 0.01 µm can be filtered
from the exhaust air but vapors which are larger than this size cannot be filtered using
conventional filters methods. Most of the grease filters functions for grease particulate sizes
between 1 – 10 µm. Grease particulate larger than 10-20 µm is very heavy for airborne and
will drop out the air flow (Livchak, et al., 2003).

3.1 Grease Composition
Grease is composed of a various solid and liquid grease particles, grease and water vapors,
and different non-condensable gases including nitrogen oxides, carbon dioxide, and carbon
monoxide (FCSI, n.d.). It is very difficult to identify the composition of grease vapors in the
exhaust stream due to the condensation of grease vapors into grease particles. In addition to
these compounds, grease can be comprised of volatile organic compounds, semi volatile
organic compounds, reactive organic compounds, and many other hydrocarbons (FCSI,
n.d.).

Grease particles in the size of 0.03 to 0.55 µm are called smoke or submicron particles. They
are emitted when the fat comes in contact with the heat surface. The grease particles in the
size of 0.55 to 6.2 µm are called steam which contains the moisture (Greencheck, 2006). It
is produced from the hot cooking surfaces during the heating of frozen and cold oily
products. The grease particles size from 6.2 to 150 µm are called spatters. The research and
laboratory experiments have identified that a bigger portion of grease particulates can be
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found in submicron and steam phase (Greencheck, 2006). The grease composition can be
interpreted in the table 1 below:
Table 1: Composition of grease (Greencheck, 2006).
Grease particles

Sizes (µm)

Submicron

0.03 – 0.55

Steam

0.55 – 6.2

Spatter

6.2 – 150

3.2 Grease emissions and their sources
The amount of grease emissions from the kitchen depends on the types of kitchen equipment,
methods of cooking and types of foodstuffs. Cooking equipment produces various types and
sizes of grease particulates. The amounts of different sized particles are emitted from
cooking equipment also depend on type of equipment used and type of food being cooked.
It is obvious that the appliances emitting large heat load produces a large amount of
emissions. Figure 10 depicts the amount of grease particulate and vapor production when
cooking 1000 lbs = 453.6 kilograms of different foods on different cooking equipment
(Livchak, et al., 2003).

Figure 2 : The amount of grease particulate and vapor production when cooking different foods on different cooking equipment (Livchak, et al., 2003)
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According to figure 2, the highest amount of grease was emitted from cooking hamburger
with the use of gas broiler. The amount of grease particulates production in this case was
about 32 g/kg of cooking food. The amount of grease vapor production from gas broiler was
about 18.5 g/kg which also the highest amount among other cooking equipment. The second
highest grease particulates emissions had emitted from cooking hamburger in electric boiler.
The amount of emission was 24 g/kg. The amount of grease vapor production from electric
broiler was about 11 g/kg that was also the second highest amount among all types of
cooking equipment and foods. The lowest amount of grease particulates emission was
obtained from pizza cooking in gas oven and electric oven. The amount cannot be
determined from the figure. The amount of grease vapor was also the lowest in gas oven
cooking sausage pizza which is 1.5 g/kg. In this way, figure 2 clearly depicts the variation
in the grease production from different cooking equipment and foods.

3.3 Consequences of grease
There are many consequences of grease. As described in the introduction chapter, grease
accumulation in the kitchen can cause fire, reduce efficiency of ventilation system and
damage the roof of restaurant. Most of the fires in the kitchen occurs when flame from the
cooking process contacts with the grease inside the hood (Grease Guard, 2012). The fire
starts in the duct, and spread to the roof and other parts of the building. If there is grease
accumulation in the roof of the house, the fire will be much more serious because grease can
be burnt persistently for a long period of time. It can also cause health hazards to restaurant
staffs. Grease in the ducts is a good media for mold, fungus, bacteria, virus and microbial
growth. If such factors are present in the ventilation ducts, they can rapidly spread over the
whole building. Even cockroaches and rats can transfer the grease from one place to another.
These undesirable elements can cause different allergies, intoxication, lungs and infectious
diseases such as flu (Grease Guard, 2012).

The accumulation of grease in the inner surface of the exhaust duct leads to reduction of the
inner diameter of the duct. It increases the load on the fan and fan is overheating. The fan
cannot work for longer. The air flow rate is decreased and efficiency of ventilation system
is also reduced (Grease Guard, 2012). If the heat recovery system is installed in the kitchen
duct, the vaporized grease particles could clog on the joints and inner part of the of the energy
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recovery unit. The heat transfer rate of heat recovery system is reduced. The surplus grease
particles which did not get filtered goes out through the ventilation exhaust air stream and
deposits to the roof of the house. Then it can flow down to the walls and buildup there which
ultimately becomes the cause of swelling, cracking, blistering and deteriorating of the roof
and walls of the building. Therefore, it can cause serious problems such as corrosion leading
to damage of roof and equipment in the surrounding area of the roof. Maintenance and
repairing work will be huge and it costs a lot. This leads to huge effect on a business,
including loss of revenue due to damaged and repairing work (Grease Guard, 2012).
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4.0 GREASE FILTRATION TECHNIQUES USED IN THE KITCHEN
HOOD
There are limited types of grease filtration techniques adopted by few ventilation equipment
manufacturing companies. Grease is a sticky substance which cannot be filtered easily. Use
of special kind of filters in the grease filtration techniques is very common but advanced
treatment systems have been also developed in the recent years. Depending on the amount
of grease production in the specific working place, grease filtration system is designed. Multi
filter system, cyclone filters, and ultraviolet (UV) light treatment method are quite common
grease filtration techniques. Nowadays, advanced filtering system consists of multi filter
system including cyclone filters and UV lamps. Number of UV lamps and cyclone filters are
determined with the help of exhaust air flow rate in the kitchen. UV treatment is the most
common advance techniques nowadays but Turbo Swing has been the best innovation in the
arena of grease filtration techniques which works on the rotatory motion of the grease filter.
It has the best grease filtration capacity among all grease filtration techniques. Despite of
having efficient grease filtration techniques, Jeven Oy is trying to innovate the more
advanced grease filtration technique from this research project work. The sub sections below
describes about the grease filters, UV treatment technology, and Turbo Swing treatment
method.

4.1 Grease filters used in the kitchen ventilation
There are several types of grease filters used in the commercial kitchen. Some of them are:
water based, cyclonic, ultraviolet (UV), and turbo swing (XPAIR.com, 2013). The
performance of a grease filter is determined by the efficiency of the grease removal, pressure
drop, and capacity of working period. Manufacturing and operating costs are calculated from
pressure drop. Low pressure drop refers to low manufacturing and operating costs. Based on
manufacturing design and material used in the grease filters, it can be divided into two main
types; single stage filters and two or multi stage filters (Alexandrova, 2009).

Single-stage filters: Filtering of kitchen fumes is done only in a single stage through this
grease filter. The fiber media is used when it is applied to the kitchen canopy hoods. Such
filtering system has a lot of deficiencies such as less fire prevention capacity, low grease
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removal efficiency and cannot be not reusable. Single stage filters are suitable for almost all
the professional and non-professional kitchens because they are cheap and easy to clean. The
most common single-stage filters are baffle filter, water wash filter, and dry-cartridge filter
(Alexandrova, 2009). They function very simply. The vanes of single-stage filters are united
to redirect exhaust flow. Baffle and dry-cartridge filters are almost the same but baffle filter
has lots of deficiencies such as low grease removal efficiency (Alexandrova, 2009). It leads
to high cleaning and maintenance cost. Water wash filters also work on the principle of
baffle filters except cleaning. They have automated cleaning system and thus more
expensive. Washing cycle starts by the end of the day when equipment do not work
(Alexandrova, 2009).

Two or multi stage filters: Two or multi stage grease filters perform more efficiently than
single-stage grease filter though the price of such filtering system is comparatively higher
than single stage grease filter. First stage of two or multi stage filter filters the large grease
droplets and prevent fire and second stage filters the smaller droplets of grease passing
through the first stage. The collected grease wets the exhaust air and drown rapidly into its
pores by capillary action (Alexandrova, 2009). An example of such multi filtering system is
the Jeven’s UV Combilux where a cyclone filter is used as the pre-filter or first stage filter
and wire net filter is used as the second stage filter. Most of the macro particles are filtered
by first stage grease filter and micro particles are filtered by second stage filter.

The laboratory experiments have shown that the grease particles between 1 µm to 7 µm are
easily captured by first stage filter and smaller than 1 µm grease particles are filtered by
second stage grease filter (Alexandrova, 2009). Second stage or multi stage grease filters
reduces the risk of fire, frequency of duct cleaning and minimizes the operational and
maintenance costs. Multi stage grease filters can be integrated with the water cleaning units,
electrostatic precipitator, and bag filters, activated carbon filters for self-cleaning and
particles removal (Alexandrova, 2009). Efficiency of the filter means how much particles
and grease particulates are reduced in the filtration of kitchen fumes. There is not any fixed
efficiency of the filter because it has a different efficiency for different size of particles at
different exhaust flow rates, and different phases of particles. A filter removing 90 % of 5
µm particles may remove only 75 % of 1 µ particles.
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4.2 UV Combilux
UV Combilux is a kitchen hood system designed for exhaust air cleaning and smell reduction
in the professional kitchen. The UV Combilux generates the light irradiating UVC photons.
The wavelength of UVC light is 254 nm which consists of strong penetrating power to any
biological and non – biological objects. All bacteria, mold, viruses and other germs are easily
eradicated with the application of UVC light. It is also capable of destroying all macro
pollutants present in the exhaust air. The destroying capacity is dependent on the luminance
of the light. Thus, shorter the distance between the light and wire net grease filter, stronger
effect of UVC light is felt. It has been found out that lamps work properly up to 6 to 8 inch
distance from the grease filter (RADIC8, n.d.).

The exhaust air is filtered in three steps; JCE cyclone filter, wire net filter, and UV
fluorescent tubes. UV Combilux consists of a filter housing with an inspection door and
measurement outlet, a cyclone filter, a wire net filter, a frame with UV fluorescent tubes, a
pressure guard, an adjustment damper, a circular sleeve coupling for connecting to an
exhaust air duct, and a control unit with touch panel (Jeven, n.d.). It can deal with up to 400
l/s of exhaust air flow. Filtering units can be easily removed or cleaning purposes. The
necessary quantity of UV Combilux unit are determined with the flow rate of exhaust air in
the kitchen hood. It means there can be more than one UV Combilux unit in the kitchen
(Jeven, n.d.)

In the first step, the particles are separated in a cyclone filter. Then air rise up to a wire net
filter for further cleaning and temperature reduction. Remaining grease particles and smell
are treated with UV-C light and ozone inside the reaction chamber of the filter housing. The
UV light breaks down the fat aerosols into the small particles. Then, ozone transforms the
decomposed fat molecules into carbon dioxide, water and, dust of fat aerosols. If there is any
surplus ozone, it is converted to oxygen.
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4.2.1 Three steps of grease treatment
There are three different stages of grease removal process in the UV Combilux system which
are presented in the figure 3 below:

Figure 3 : Three steps of grease filtration (Jeven, n.d.)

The first step of grease separation happens with the centrifugal force in the cyclone filter.
Fat condenses against the wall of the cyclone filter and is pushed down towards its bottom.
It has a constant presure drop in all conditions. Then the grease exhaust processed to the wire
net filter where temperature goes down and a smooth air stream is created. It is importat to
have maximum effect of uv light. In third stage, UVC light and ozone is generated by
fluorescent tubes where the exhaust air comes into contact of UV light and ozone and
remaining fat aerosols are decomposed. Only carbon dioxide, water and a small amount of
dust particles remains which are transported out with the exhaust air oxygen (Jeven, n.d.).
The UV Combilux system consists of one or more filter units, an UV light frame and, a
pressure sensor for each filter unit. It also consists of a single power unit to control power
required by five cyclone filter units and its controller with touch screen.
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Figure 4 demonstrates all the components of UV Combilux currently manufacturing by
Jeven Oy.

1) Filter Chamber 2) Exhaust air connection and air flow damper 3) Cyclone filter 4) Measurement tap for
exhaust air flow 5) K-table for calculation of the air flow rate 6) UV-filter unit 7) Net filter 8) Cleaning door
9) Pressure sensor 10) Pressure measuring hosepipe about 3.0 m 11) UV-control unit 12) UV-control touch
panel 13) Control panel’s cable about 3.0 m 14) Electrical cable from the UV-unit to the control unit 15) The
main power connecting cable which must be equipped with safety fuse 16) Electrical cable from the pressure
sensor to the UV-control unit.
Figure 4: UV Combilux with its various components (Jeven, n.d.)

The UV filter unit in the current grease filtration system functions in the principle of
photolysis which also generates ozone. It is said that the grease particles produced in the
cooking operation is transformed into carbon dioxide, water and a grease dust with the
combined effect of ozone and ultraviolet light. Ozone oxidizes odor particles into water and
carbon dioxide (JIMCO KPC, 2002). Ultraviolet light breaks down the protein chain of
grease molecules and ozone reacts easily with the broken particles. Total reaction process
requires at least two seconds. Extra ozone can be produced during the reaction process
(JIMCO KPC, 2002). However, the ozone effect to grease filtration and odor removal
process is uncertain.
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4.3 Turbo Swing Method
Turbo Swing is one of the famous products of Jeven Oy which works based on the rotary
movement. It provides excellent grease removal efficiency. It requires washing and servicing
once in a year. Its filtering efficiency is based on a fast rotating separation plate that extracts
very small particles of grease and other foreign matters. Then, it will speedily throw the
separated particles into the outer section of the separating chamber from where particles drip
into the collection basin (Jeven, 2013). Collected grease can be taken out anytime from the
easy to reach tap located at the Turbo Swing’s protective dome. The rotating plate is coated
with dirt and fat repellent coating based on nano-technology. The grease collecting
efficiency of the Turbo Swing is high at any exhaust conditions. Therefore, the product is
well suited for different air flows and heat recovery conditions (Jeven, 2013). The parts of
the product can be easily removed and washed in a dishwasher. Figure 5 illustrates how the
running fat can be removed by opening a tap (Jeven, 2013).

Figure 5: Construction of the Turbo Swing (Jeven, 2013)

The components of Turbo Swing includes collar saddle, damper, motor, motor connection
box, motor cable, dome fixing, separation plate, airflow measuring tap, protective domes,
opening tap, limit switch and signal light (see in figure 5 above). Turbo Swing is made with
stainless steel, AISI 304 (Jeven, 2013).
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Figure 6 below demonstrates the operational principle of Turbo Swing.

Figure 6: Operational Principle of Turbo Swing (Jeven, 2013)

The numbers indicated in the figure 6 represent the sequence operation principle of Turbo
Swing. The operational principle with the different numbers explains as follows: 1) the first
dirty air enters into the Turbo Swing 2) then, the separation plates rotates, 3) grease and
impurities are separated 4) and moves 5) to the edges of the separation chamber from where
they drain into the collection basin, 6) Liquid grease is extracted out by turning the tap, 7)
cleaned air exits to the ventilation duct (Jeven, 2013).

Turbo Swing can remove very small particles of grease in steam and gas form which comes
to contact with the plate surface due to the condensation and quick variations of the static
pressure (Jeven, 2013). It retains an extremely low level of grease in the hood due to its
appropriate structure. Thus, cleaning of turbo swing becomes effortless. The basin can be
easily lifted off without any effort and separation plate can be removed by unfastening the
bolts.
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5.0 GREASE FILTRATION WITH TiO2 COATED GREASE FILTER
Grease filtration with currently used treatment method is not very safe to environment and
workers in the kitchen because it produces undesired amount of ozone. Even though
manufacturers and merchandisers of ozone air cleaning devices claim that ozone reacts with
pollutants effectively resulting odor reduction and breaking down of the grease particles into
carbon dioxide and moisture, researches have shown that it is not working effectively at
lower concentration level. It is a toxic nature of gas that effect on health on exposure. The
Occupational Safety and Health Administration (OSHA) has set the ozone limit value for
workers not to be exposed an average concentration of more than 0.10 ppm for 8 hours (0.2
mg/m3) (Bhatia, n.d.). World Health Organization (WHO), Indoor Air Quality Association
(IAQA) and American Society of Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE) has set up the limit value for ozone concentration for indoor exposure is 0.05
ppm (Bhatia, n.d.). However, such a small concentration of ozone producing UV light in the
grease filtration system cannot decompose the dirt and grease particles in the kitchen hood.
It has been said that the concentration of ozone needed to be 5- 10 times higher than the set
limit values to decontaminate the air (Bhatia, n.d.). It has also been found out that ozone
generators are not effective in removing carbon monoxide and formaldehyde. According to
ASHRAE, ozone is not effective for removing the odor in building ventilation (Bhatia, n.d.).
There are many disadvantages of ozone treatment over the dirty air cleaning system. Thus,
a reliable green technology for air treatment system is required to make the kitchen
environment better safe and clean. A possible such technology has been experimented in this
research work is TiO2/UV treatment system which is completely reliable for kitchen air
treatment system. It works exactly as how ozone/UV treatment has said to be worked for the
kitchen air cleaning/grease removal technique. Moreover, it is environmental friendly,
energy efficient, and works efficiently for grease filtration, other particles removal and odor
reduction. TiO2/ UV treatment system functions on the principle of photo catalytic oxidation
(PCO).

5.1 Photocatalytic reaction for grease filtration process
Photocatalysis oxidation (PCO) method breaks down the organic particles including grease.
Titanium dioxide as catalyst has been tested in the photocatalytic oxidation method for
grease removal process. Titanium dioxide (TiO2) is one of the green catalysts due to its
energy efficient, environmentally friendly and self-cleaning nature in combination with the
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UV light. The PCO reaction does not need extra chemicals and the reaction happens at room
temperature and pressure. It is readily available and biologically and chemically inert
(Molinari, et al., 2002). The effectiveness of the PCO reaction process depends on the
wavelength and intensity of UV irradiation types and amount of TiO2 particles, and the
distance between the lamp and TiO2 coated grease particles. The positioning of the lamp and
TiO2 coating method also plays vital role in the effectiveness of the reaction.

When UV light strikes on titanium dioxide, electrons are released to its surface. The released
electrons react with the particles. The electrons collide with water (H2O) molecules in the
air, and breaks them into hydroxyl radicals (OH), which are highly reactive, short lived,
uncharged forms of hydroxide ions (OH-). These small, energetic hydroxyl radicals attack
the bigger organic pollutant molecules and decompose their chemical bonds into harmless
substances such as carbon dioxide and water (Woodford, 2013 ). TiO2 is also beneficial for
self-cleaning, and odor reduction.

5.2 How TiO2 works with UV light in the grease filter
In the grease filter, UV light strikes onto the titanium dioxide. UV is the short wavelength
light beyond the blue/violet part of the electromagnetic spectrum which can be detected by
eyes. It is higher in energy than visible light and can activate titanium dioxide (Zhao &
Xudong, 2003). Usually UVC light is used in the kitchen ventilation system to remove the
grease particles. Titanium dioxide is a semiconductor and catalyst that are used in the manufacturing of many products as catalyst. TiO2 is energized by UVC light which reacts with
the molecules of dirty air and grease particles present in the kitchen fume. Thus, the energy
efficiency of the lamp and the whole grease filtration system is increased.

Figure 7: principle of photo catalytic oxidation
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The principle of photo catalysis oxidation is presented in figure 7. When UVC light shines
on the surface of TiO2 coated grease filter, the conduction band of the TiO2 atom is excited
and holes and electrons pairs are created forming the band gap between conduction band and
valence band. Energy is needed to fill the band gap and photons do this work. When the
photon energy is higher than the band gap, the pairs of electron-holes are created in TiO2
and the charge will transfer between electron-hole pairs and adsorbed species (pollutants and
particulates) on the surface of TiO2 (Zhao & Xudong, 2003). In the presence of air or oxygen,
UV-irradiated TiO2 is capable of destroying many organic contaminants including grease
particulates. The activation of TiO2 by UV light can be written as:
TiO2 + hv -> h + + e The reactants h

+

(1)

and e - are powerful oxidizing and reducing agents. The oxidation and

reduction happens in this way:
Oxidation reaction
OH- + h+ -> OH

(2)

Reduction reaction
O2ads + e - -> O2ads -

(3)

In the destruction process of organic compounds, the hydroxyl radical (OH-) coming from
the oxidation of adsorbed OH – is the primary oxidant, and the presence of oxygen does not
allow to recombine the hole-electron pairs (Zhao & Xudong, 2003). The final products of
the complete reaction are CO2 and H2O.
OH- + pollutant + O2 -> products (CO2, H2O, other)

(4)

The efficacy of the PCO is dependent on the reaction rate of the reaction. Many experiments
have identified that the reaction rate of PCO is dependent on characteristics of the
photocatalysts, humidity, reactor type, and light source (Zhao & Xudong, 2003).

TiO2 is commonly used in photocatalyst process due to its beneficial characteristic. It is
inexpensive, safe and stable having high photocatalytic efficiency, functions for the
destruction of many indoor pollutants at ambient temperature oxidation, complete
destruction of most of the pollutants is possible with TiO2 under certain operating conditions,
and no chemical additives are required for the reaction happening (Zhao & Xudong, 2003).
Two types of crystal structures of TiO2 are used in the photo catalytic reaction: anatase and
rutile. The energy band gaps of anatase and rutile are 3.23 and 3.02 eV. The conduction band
location of anatase is more favorable for conjugate reactions involving electrons and very
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stable surface peroxide groups can be formed at the anatase during photo-oxidation reaction
but not on the rutile surface (Zhao & Xudong, 2003). Thus, anatase phase is better than rutile
for reaction happening.

TiO2 is immobilized in beads, hollow tubes, woven fabrics, silica gel, and dip coating
method and sol-gel method. In this experiment, sol-gel method has been used for TiO2
coating in the grease filter. In the sol-gel method, the silica gel is added to the colloidal
solutions of TiO2 with a low pH value. Then TiO2 – silica gel is stirred, uncovered and left
undistributed for 24 h. Then the mixture is dried for few days to allow a complete
evaporation of acid material. TiO2 spreads on the grease filter so that light irradiation area
and reaction area are increased (Zhao & Xudong, 2003).

TiO2 can be activated even in the smaller wavelength of light which provides the enough
energy to fill the band gap between valance bands and electron bands. In this experiment,
UVC lamps of 254 nm wave length (and 185 nm also for ozone producing lamps) have been
used to provide the energy. It has been found out that UV-light with between 300 and 365
nm wavelength can provide enough energy to overcome the band gap (3.2 eV) in TiO2
catalyst (Zhao & Xudong, 2003). However, there is no any researches or experimental results
have been found yet to limit what exact amount of energy and intensity of UVC light is
required to overcome the band gap. The UVC light has strong enough intensity to activate
the TiO2 very easily because more photons are produced with the stronger light intensity.
Photons provide the energy.
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6.0 LABORATORY WORK
The laboratory work is the main focus of this thesis project work. The results obtained
from the series of laboratory experiments have been presented and analyzed in this chapter.
Laboratory work includes the following sections:

6.1 Methodologies
The work was carried out at Jeven Oy’s exhaust hood system located in the Mikkeli
University of Applied Sciences in which the chimney was attached. Exhaust air cleaning
unit had a wire net grease filter, JCE cyclone separators and exhaust hood (see in figure 8).
Exhaust hood was equipped with the wire net grease filter plates with TiO2 coating and
without TiO2 coating, and UV lamps.
The dirty exhaust air produced from oil heating process rose up because of the temperature
differences between the laboratory room and ventilation hood. The JCE cyclone separator
filtered the dirty exhaust air and the bigger grease particles. Then purified air rose up towards
the chimney. The wire net grease filter plates located just above the JCE filter captured and
filtered the smaller grease particles obtained from the JCE cyclone separators. The sampling
pump was placed in the two different heights (90 cm and 9m) of ventilation chimney pipe
which was operated at the air flow rate between 3.4 and 3.7 l/min. The sampling probe
containing glass fibre filter paper inside it was used to collect the grease particles within the
given period of time. The sample collecting time was adjusted for 1 hour for each sample
(Vainiotalo & Matveinen, 1993). Concentration of collected grease particles in the filter
paper was measured in the green chemistry laboratory of Lappeenranta University of
Technology in Mikkeli. An ultrasonic bath was used in the sample extraction from the filter
paper. A Bruker infrared spectrometer (FTIR Vertex 70, Platinum ATR) was used to analyse
the extracted samples (Vainiotalo & Matveinen, 1993).
During the experiments, four different types of UV lamps were used and they were installed
in the canopy with the help of electricians (see in table 2). Similarly, the different power of
the lamps was tested by changing the number of lamps in the UV unit. Similarly, the length
of the ventilation pipe was extended by joining other two pieces of same dimensional pipes
to measure the C-H concentrations in the samples and ozone concentrations at 9 m height of
the duct. Porta Sens II ozone detector was used to measure the ozone concentration in the
duct. The ozone concentration in the different heights of the duct was measured with this
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detector in every 2 minutes of time interval. It also measured the ozone concentrations
produced from four different types of light. Different indications have been provided for
different types of lamps, grease filters and experimental steps. For instance; the different
power series of lamps have been indicated inside the brackets. If the TiO2 has been used in
the wire net grease filters, it is indicated by GFTiO2 (see in table 2 and 4). The irradiation
of the lamps were measured by placing the UVC meter on the surface of wire net grease
filter. The distance between the position of the lamps and the surface of grease filters were
3 – 4 centimeters (see in table 7). Irradiation of the lamps were also examined in the different
horizontal and vertical distances from the placement of lamps. The range of wavelength of
UVC lamp used in the irradiation measurement was 230 – 280 nm. The irradiation was
measured by Kuhnast Stranlungstechnik UVC meter. The idea of measuring the irradiation
in the different distances of the filter was to determine the UVC effects in the different parts
of the canopy hood because the exhaust air flows everywhere inside the canopy.
Similarly, Different TiO2 crystals and coating methods were tested to observe their effects
in the grease filtration technique. The purpose was to examine the effect of different TiO2
crystals and coatings techniques on the experimented treatment methods. The best treatment
method can be utilized in TiO2 coating in the grease filters. It can be utilized in other cleaning
purposes with respect to TiO2. The six grease filters were coated with six different coating
techniques with two different crystals of titanium dioxide (TiO2). Two different crystals of
TiO2 were anatase and rutile. One TiO2 coating method was taken as reference coating for
comparisons which was coated with sol gel matrix of TiO2. The obtained results were
compared to each other with reference coating and identified the best treatment method (see
in figure 14).

6.1.1 Equipment and chemicals used
The chemicals used in the laboratory process were sigma sunflower oil from Helianthus
annuus (Sigma-Aldrich) and tetrachloroethylene (TCE, Sigma-Aldrich). Sunflower oil was
used for the calibration. TCE was used as solvent in the calibration sample preparation and
sample extraction procedure. The calibration process was repeated several times until the
precise calibration curve was made. The enough amount of sunflower oil as cooking fat for
the experiment was purchased from the food store. The necessary volumes of oil and TCE
were measured by Finnpipette 100 – 1000 µl, Thermo Scientific 1-10 µl, and 10 -100 µl.
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The sample extraction was done in 30 ml VWR beakers. The beakers were covered with
Parafilm to prevent the sample evaporation. Sample extraction was done in the Banson 2510
ultrasonic bath which works on the principal of sonication. IKA C-MAGHS7 hot plate
(power of 270 w) was used for the production of oil fumes. The oil was heated in the five
litre kettle and oil temperature was measured with EKT Hei-con contact thermometer. It had
stainless steel sensor. BOY 115 elevator was used to raise the desire height of the kettle. The
amount of oil was measured with the 500 ml measuring cylinder before heating the oil. Both
the rectangular wire net grease filters (91 cm x 43 cm x 0.7 cm) with and without TiO2
coatings were used in the grease filtration process. Currently used Jeven’s UV three lamps
(40 W/870) of 120 W, and one 40 W power, desinfinator lamps of different power series
from 17.5 W to 140 W, German lamp 170 W, ozone free lamp 30 W and 18 W were used
for the UV treatment method. The exhaust air flow rate was measured by TSI
VELOCICALC plus-air gauge. Filter cassettes of ø 4 mm assembled with TSI sidepak air
sampling pump was used for the sample collection from the ventilation duct. Air flow rate
was measured by TSI 41040 flow meter. Glass fibre filter paper (Vitro-disk glass fibre No
support pad 1 µ ø 7 c D) was put inside the sample cartridges.
Bruker’s Fourier Transform Infrared Spectrometer (FTIR vertex 70, platinum ATR) was
used to measure the C-H bonds in the sample. The number of C-H bonds determine the oil
concentration in the sample. The used FTIR machine possessed diamond ATR which made
convenient to measure liquid samples. The detector used in FTIR machine was Deuterated
Tri Glycine Sulfate (DTGS) which works at room temperature and wave numbers between
100,000 – 370 cm-1.

6.1.2 Ultrasonic bath
The ultrasonic bath (Branson 2510) was used for sample extraction. Ultrasonic bath causes
significant changes in liquid media and it is the fast way to extract desired sample matrix.
The pressure pulsation created by ultrasonic bath causes cavitation inside the solution and
decompose small gas bubbles. When the gas bubbles break down, many hot spots are formed
at high temperatures (500 K), and pressure (100 atm) during the short period of time. The
high temperature and pressure causes decomposition of water molecules into hydrogen ions
(H+) and hydrogen radicals (OH-). The radicals help for the extraction. When the ultrasound
is used in the extraction medium, the sound wave is absorbed making increase in
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temperature. The high temperature causes the formation of electrons and holes i.e. creating
more radicals.
Sample extraction in the ultrasonic bath was done for 15 minutes according to the sonication
method (Svendsen , et al., 2002). Water level in the ultrasonic bath was about one third of
the vessel. After 15 minutes of extraction time, the samples were kept in the room
temperature for another 15 minutes.

6.1.3 UV irradiation and magnitudes

The UV lights are the effective methods for grease filtration system because it decomposes
fat aerosols before heading to the chimney. Different types of UVC irradiating lamps were
used in the experiment. UVC lights consist of strong destroying power to pollutants and
grease particles because wavelength of UVC light are very short ranging from 100 to 280
nm. The short wavelength of light consists of high energy. Thus, UVC lights are used for
killing the germs, removing pollutants from air and water, and filtering the grease particles
from the kitchen fumes. The intensity of UVC light in the UV lamps are dependent on the
construction of UV lamps. Some UV lamps produces higher intensity of UVC photons and
some produces lower intensity of UVC photons. Different intensities of UVC lamps were
used in this experiment. Two trials of UVC lamps were used in every series of experiments.
The first UVC lamps were tested along with wire net grease filters and then with the TiO2
coated wire net grease filters. The power of lamps varied with different series of experiments.
The total power and intensity of lamps is determined by the power of each lamp and the
number of lamps used.

In the first series of UV light effect testing, three tubes of UV lights (Scandyment 40W/870,
power of 120 W) were used in the UV Combilux. The possible reduction efficiency of the
UV light treatment system was measured in the different number of lights and different
power series of the lamps. The four different types of ozone generating and ozone free lamps
were tested in this laboratory experiment which are listed in the table 2.
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Table 2: Description of the types of lamps
Number

Lamp types

Abbreviation Descriptions

Tested power
(W)

1

Jeven’s current

J. lamp

Ozone producing

40, 120

lamps
2

Desinfinator lamps

D. lamp

ozone producing

17.5, 70, 140

3

Competitor’s lamp

G. lamp

ozone producing

170

4

Ozone free lamp

N. lamp

ozone free

18 , 30

As shown in table 2, ozone producing lamps were the lamps used in the current treatment
system, desinfinator lamps and a lamp used by a competitor kitchen hood manufacturing
company. The idea of testing different types of lamps is to compare the efficiency of the
current grease filtration system of Jeven Oy with competitor’s grease filtration system and
to observe the ozone effect in the treatment process. Similarly, two different power series
(18 W and 30 W) of ozone free lamps were used. The idea of testing ozone free lamps was
to examine the effect of UVC light to pollutants degradation without the treatment of ozone.
All these lamps were tested also with TiO2 coated grease filters to identify its effect on TiO2
grease filtration process.

Depending on the different types of lamps, the quantity and power of lamps were different.
However, energy efficiency of the lamps was measured by two main types of lamps; ozone
generating currently used lamp in the UV Combilux and ozone free lamps. Desinfinator lamp
was used only to examine the ozone effect and treatment efficiency with the different power
series.

6.2 Experimental Set Up
The setting of sample cartridges and apparatus required holes and clamps in the ducts which
allowed to remain the sampling cartridges in the fixed position. The oil was heated in a two
litre kettle (13 cm high and 19 cm diameter), 0.5 litre at a time. The kettle was put on the
IKA C-MAGHS7 hot plate which was supported and raised to desired height by an elevator.
The distance between oil surface and cyclone filters was 38 cm, which allowed optimum
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sampling time and reasonable oil collection. The figure 8 below depicts the entire
experimental set up of the experiment.

Figure 8: Experimental set up for fatty aerosols formation and collection

The dimension of the hood was 98.7 cm x 44.3 cm x 18.0 cm. The ventilation pipe of 43.0
cm diameter was connected to the hood which was extended to chimney. A sampling hole
was made in 35 cm height of ventilation pipe to hold the sampling cartridges in the
fixed position. A rubber pipe was inserted from the sampling hole to the sample collection
cartridge in the middle of the pipe allowing collection of optimal amount of grease aerosols.
The sampling pump was kept outside the hood in connection with the air flow meter. The
sample collection cartridge was put in the middle of the hood diameter at 40 cm height, 55
cm away from the wire net filter plates, and 60 cm away from the cyclone grease filter. The
liquid oil was heated in the 90 cm distance from the sample collection cartridge. The glass
fibre filter paper was inside the filter cartridges through which grease vapours were passed
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in. At the end of the sample cartridge, there was a hose through which the air was pulled by
an air sampling pump and collected in a glass fibre filter paper.

6.3 Sample Preparation
The sample preparation was done at Jeven’s Laboratory located inside the HVAC laboratory
of Mikkeli University of Applied Sciences and the sample extraction and analysis was done
at Green Chemistry Laboratory of LUT in Mikkeli. The oil kettle was heated in IKA
C-MAGHS7 hot plate at 170 °C in which the oil evaporated and transformed into aerosols.
The power of heating plate was 270 W. The oil level was 3 cm from the bottom of the kettle.
The oil was heated in the same duration of time of one hour for each experiment. The air
flow rate of the sampling pump was set to 3.5 l/min and duration was 60 minutes. Total
volume of sampling air was therefore 220 L (see in appendix 2). The exhaust air flow rate
in the laboratory room was about 170 l/s but lower flow rate (about 110 l/s) was also applied
to check the effect of different air flow rate in the grease treatment process. The exhaust air
flow rate was measured by TSI VELOCICALC plus a pressure gauge.. The K table provided
in all the Jeven’s products are meant to calculate the exhaust air flow rate. The exhaust air
flow rate was calculated from the measured exhaust air pressure, number of cyclone filters
and a constant value for the given number of cyclones. The relationship between these
parameters are shown in the equation below:
Q = Ki √ P

(5)

Where,
Q = Exhaust air flow rat
K = a constant which is determined by the number of cyclones
i = the number of cyclone
P = measured pressure

The measuring conditions were kept constant during the laboratory experiment.
At first, a trial experiment was done to set up the duration of appropriate experimental time
to collect the enough grease concentration in the filter papers. The test was done without the
use of wire net grease filter at 170 0C temperature for 30 minutes but the concentration of
the grease was not detected. The oil heating for 30 minutes at 170 0C was not be sufficient
time to collect the enough grease for analysis. It has been found out that the temperature
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effects on the formation of aerosols. At higher temperature, the fat begins to transform into
more vulnerable harmful aerosols and fat aerosol formation takes longer time at lower
temperature. Thus, time interval for experiment was extended to one hour which provided
enough grease concentration for the analysis. The first experiment was carried out without
the use of wire net filter. In the second experiment, the wire net grease filter was applied.
The dimension of wire net grease filter was 43 cm x 45.6 cm x 0.8 cm. Two pieces of wire
net filters were kept in the cooking hood above 3 cm from the hood edge. Then, the grease
vapours were treated with UV light in the wire net grease filters. The UV lamps were placed
on top of the grease filters. The distance between the wire net grease filters and the lamps
was 3-4 cm. The number of lamps used in the experiment was based on the power of each
lamp. After that the experiment was done with the TiO2 coated grease filters with the same
power series of lamps. Three parallel samples were taken from each phase of experiment at
the two different air flow rate of 170 l/s and 110 l/s.

All experiments were done in four stages but the power of lamps, air flow rates, and different
coatings of TiO2 grease filters were changed as according to their possible grease removal
capacities. The idea of reducing the number and power of lamps was to observe the reaction
capability of UVC lamps with grease particles in combination of TiO2 coating grease filters
and without TiO2 coating grease filter i.e. normal grease filters. The intention was to identify
the least possible power of lamp that provides the best energy conservation. The aim of
testing the different TiO2 coatings was to figure out the best possible removal efficiency of
grease filters. Similarly, testing of different flow rates of exhaust air was to establish the
effect of exhaust air flow rate in the grease filtration process.

6.3.1 Calibration
Total number of C-H bonds present in the sample were used for quantitative analysis of
grease concentration in the exhaust air. The calibration curve was obtained from different
concentrations of oil in the solutions. The sunflower oil was chosen for the sample
preparation and thus calibration curve was made from the sunflower oil because sunflower
oil resemblances with the other types of vegetable oil used for the cooking. The least squares
or linear regression method was adopted to demonstrate the curve. In this work, seven
different

concentrations

of

sunflower

oil

were

made

for

calibration

curve.

2,4-tetrahloroethylene (TCE) was used as a solvent. TCE is an organic compound and does
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not contain any C-H bonds. The concentrated oil samples were measured in FTIR machine
which provided the rising peaks of absorbed C-H bonds in the spectrums around 2700 to
3100 cm-1. However, the best pick was chosen for construction of absolute calibration curve.
The best pick was obtained from 2888.5 to 2978.3 cm-1. The integration method was used to
obtain the area of this peak group. The measurement was done in the resolution 4 cm-1 and
40 spectra per samples.. The spectums of various concentrated oil for calibration curve has
been presented in the figure 9 below:

Figure 9: Spectrum of oil different concentrations of oil for calibration curve

As shown in figure 9, the peaks between 2700 – 3100 wavenumber per centimetre represents
the oil concentration because all petroleum hydrocarbons, oil, and grease contain saturated
(C-H) carbon- hydrogen bonds in this region. Thus, it gives rise to C-H stretching absorption
of grease particles in this region of IR spectrum (Heraeus, n.d.). The range of analysed peaks
of C-H bonds was 2887 – 2977 cm-1. The peak heights are proportional to the concentrations
of oil. The clear peak of C-H bonds can be seen in the spectrum for 100 μl/ml concentration
of oil (see in appendix 1). The absorption spectrum of TCE obtained from IR measurement
is presented in the figure 12 below:
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Figure 10: Spectrum of Tetrachloroethylene

As shown in the figure 10, no significant peak was detected between 2700 to 3100
wevenumber per centimeter. Thus, the solution of oil and tetrachloroethylene is appropriate
for sample preparation for FTIR analysis.
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Various volumes of oil for preparing the sample solutions have been presented in the table
3 below:

Table 3: Oil concentrations for seven different samples for calibration curve
Samples

Sunflower oil volume
μl/ml

mg/ml

1

0

0

2

2

1.8

3

6

5.5

4

12

11.1

5

20

18.4

6

50

46

7

100

92

The conversion from µl/L to mg/L was done with the known density of sunflower oil. The
calibration curve made with these different concentrations of oil samples yielded precise
linear line with 99.9 % correlation coefficient. Figure 11 below shows the calibration curve.

Figure 11: Calibration curve for C-H bonds
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The linear regression method was used to construct the calibration curve. The best fit was
obtained as correlation factor is 99.9 %. The linear equation obtained from the best fitted
curve was suitable for calculating the concentration in the specified spectral region.

6.4 Sample Analysis
FTIR provided the information about the concentration of oil. The number of C-H bonds
determine the oil concentration in the sample. After quantifying the number of C-H bonds
in each experiments, it was possible to compare them to recognise whether the grease
reductions happened or not with the different grease filtration techniques. The measurement
was taken place in the wave number between 4000 – 400 cm-1. The resolution was 4 cm-1
and 40 spectra detection per sample.
When the grease was extracted from the filter paper into the TCE media, a small droplet of
sample was dropped gently on to the glass surface of ATR with the help of VWR Pasteur
pipette (7 ml non sterile, granulated up to 3 ml). Then the tip of the diamond surface was
contacted with the droplet and started the analysis. The sample analysis was done with the
help of OPUS 65 software. When the spectrum of the samples obtained, the peaks for C-H
bonds in the spectrum were observed and data were extracted from the spectrum to excel.
The extracted data were calculated to get the concentration of grease in the chosen peak area.
The same sample was measured twice to get the precise spectrums. If the C-H values in the
peak varied, the averages of the peaks were taken. The concentration of the oil in the samples
was very small and thus the peaks of the C-H bonds were also very small.
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6.5 Results and Analysis
This section will describe the results obtained from the experiments. The results are based
on ozone producing lamps and ozone free lamps for TiO2 coating grease filters and without
the TiO2 coatings grease filters. These two types of lamps were also tested in different power
series and they are also presented in this section. Two other experiments; 1) with the wire
net grease filters + cyclone grease filters and 2) without the wire net grease filters (with the
cyclone filters only) were done and used them as references for comparisons with these
results. Similarly, experiments for two different flow rates of exhaust air and two different
heights of the ventilation duct have also been presented here.
6.5.1 General analysis of the results
Grease reduction occurred with every treatment methods experimented (table 3). The UVC
treatment was observed as an effective method for grease removal but better treatment
efficiency was obtained from the TiO2/UVC methods. The concentration of the oil was
calculated per cubic meter of air volume drawn by the sampling pump (mg/m3). Reduction
in the concentration of oil are compared in table 4 and reduction percentages through these
concentration reductions are compared in table 5. Almost all the experimental results have
shown the better grease removal efficiency with TiO2/UVC method as compared to UVC
treatment alone.
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Table 4 below highlights the results obtained from different treatment methods:
Table 4: Results for different lamps with and without TiO2 coated grease filters
S. No

Different treatment methods

Exhaust

Concentrations

Air flow
rates
Samples types

l/s

mg/m3

1

JCE

167.9

99.26

2

JCE+GF

167.9

69.04

3

JCE+GF+J. Lamp(120 W)

167.9

49.62

4

JCE+GFTiO2+J. Lamp(120 W)

167.9

40.10

5

JCE+GF+J. Lamp(40 W)

167.9

49.81

6

JCE+GFTiO2+ J. Lamp(40 W)

167.9

41.60

7

JCE+GF+D. Lamp (140 W)

167.9

50.52

8

JCE+GFTiO2+D. Lamp (140 W)

167.9

40.16

9

JCE+GF+D. Lamp (70 W)

167.9

54.41

10

JCE+GFTiO2+D. Lamp (70 W)

167.9

46.40

11

JCE+GF+D. Lamp (17,5W)

167.9

59.22

12

JCE+GFTiO2+D. Lamp (17,5W)

167.9

53.55

13

JCE+GF+N. Lamp (30 W)

167.9

61.30

14

JCE+GFTiO2+N. Lamp (30 W)

167.9

39.82

15

JCE+GF+G. Lamp (170 W)

167.9

55.17

16

JCE+GFTiO2+G. Lamp (170 W)

167.9

45.35

JCE = Cyclone grease filter, GF = Wire net grease filter, and GFTiO2 = TiO2 coated wire net grease filter, D.
lamp = desinfinator lamp, G.lamp = German lamp, N. lamp = ozone free lamp, and J. lamp = Jeven’s lamp
(conventional lamp).

The results shown in table 6 are based on the 16 different types of experiments comprised of
two reference experiments without the use of UVC lamps on normal wire net grease filter
and cyclone grease filters only, 7 different types with TiO2 coated wire net grease filters and
7 different types with normal wire net grease filters in combination with UVC lamps. All the
experiments were done at the same laboratory environment except the variation on air flow
rates through sampling pump. The variation was observed in the air flow meter at the range
of 3.41 – 3.8 l/min. However all the reading flow rates were noted and used to calculate the
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average air flow rate of different parallel samples. The drawn air volume was calculated
from the relationship of the average air flow rate and time interval (see in appendix 2). All
three cyclone filters were used all the time which means the exhaust flow rate would be 180
l/s but measured flow rate was 167.9 l/s. It was due to the air leaks from the holes in the
ventilation ducts that were made for setting the experimental equipment. However, the
exhaust flow rates were uniform for all the experiments.
When looking into the data, the highest value of concentration of grease is stated in the JCE
which is true because without the use of wire net grease filters and other treatment methods
(UV and TiO2), the reduction of grease should be less or grease capture should be more.
Then the second highest concentration of grease is seen with the JCE+ GF which is also true
because grease reduction should happen with the use of wire net grease filters. The lower
amounts of grease collection are seen in TiO2 coated wire net grease filters in combination
with Jeven’s 40 W and 120 W UVC lamps, Desinfinator’s 140 W lamps and 30 W of ozone
free lamp. These are just the visible lower reduction amounts but the real grease reduction
can be determined by looking into the lamps power (W), and types of lamps. Thus, the
comparisons cannot be done from these seen concentrations.

6.5.2 Comparisons of the grease reductions
The grease reduction percentages for different treatment methods have been calculated from
the obtained data and compared to each other. Grease reduction through three different
methods are presented in table 5. The first reduction was calculated for UVC effect only,
second reduction was calculated for UV/TiO2 effect (improvement by TiO2 only) and the
last reduction was calculated for the complete photocatalytic grease removal process i.e. total
improvement after JCE filtration.
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Table 5: Comparisons of grease removal efficiencies of different treatment methods
S.NO

Treatment methods

Concentrations
mg/m3

% Efficiency compared to
No filter, Only
Only
only JCE
GF
UVC
30.4
50.0
28.1
19.2
59.6
41.9

1
2
3
4

No filter, only JCE
GF
GF+J. Lamp(120 W)
GFTiO2+J. Lamp(120 W)

99.3
69.0
49.6
40.1

5
6

GF+J. Lamp(40 W)
GFTiO2+ J. Lamp(40 W)

49.8
41.6

49.8
58.1

27.9
39.7

16.5

7
8

GF+D. Lamp (140 W)
GFTiO2+D. Lamp (140 W)

50.5
40.2

49.1
59.5

26.8
41.8

20.5

9
10

GF+D. Lamp (70 W)
GFTiO2+D. Lamp (70 W)

54.4
46.4

45.2
53.3

21.2
32.8

14.7

11
12

GF+D. Lamp (17,5W)
GFTiO2+D. Lamp (17,5W)

59.2
53.6

40.3
46.1

14.2
22.4

9.6

13
14

GF+N. Lamp (30 W)
GFTiO2+N. Lamp (30 W)

61.3
39.8

38.2
59.9

11.2
42.3

35.0

15
16

GF+G. Lamp (170 W)
GFTiO2+G. Lamp (170 W)

55.2
45.4

44.4
54.3

20.1
34.3

17.8

1

JCE = Cyclone grease filter, GF = Wire net grease filter, and GFTiO 2 = TiO2 coated wire net grease filter, D.
lamp = desinfinator lamp, G.lamp = German lamp, N. lamp = ozone free lamp, and J. lamp = Jeven’s lamp
(conventional lamp).

As shown in table 5, wire net grease filter reduced 30.4 % of grease after the reduction
through JCE filter. Then UV lamps of different types and power series had applied to TiO2
coated and without TiO2 coated wire net grease filters. This result outlines that it is not very
important to have high power of lamps to reduce the significant amount of grease since there
is not much difference between grease reduction through the lower power lamps and higher
power lamps. However, the construction of all these different lamps are different and thus
produces various magnitudes of irradiation, UVC and ozone level. The effect of magnitudes
of UVC, ozone and irradiation has been analyzed in the following section.

1

The grease filtration with ozone free UVC lamp (18 W) was also tested and the obtained grease reduction
was 2. 8 % with the lamp alone, 29.7 % with the TiO2 coated grease filters and lamp and 40.7 % with
(GF+UVC+TiO2).
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Similarly, the grease removal through TiO2 coated wire net grease filters with different
power of UVC light were remarkable. The high concentration of grease reductions with this
methods were obtained from ozone free lamp (30 W) (42.3 %), Jeven’s 120 W conventional
lamp (41.9 %), Jeven’s 40 W conventional lamp (39.7 %), and 140 W of D. lamp (41.8 %).
The reduction amount through 170 W of G. Lamp (34.3 %) in combination to TiO2 coated
wire net grease filter was lower than these methods. The lowest amount of grease removal
through TiO2/UVC method was through 17.5 W of Desinfinator (22.4 %). The grease
reduction through Jeven’s 40 W power lamp with TiO2 is higher than Jeven’s 120 W power
lamp with TiO2 which might not be true because the reduction through application of high
power of light should not be lower than low power. It was assumed that there was
experimental or instrumental errors in either of the experiments.
After considering these facts, it is concluded that TiO2 can be activated very easily with the
use of small power of UVC light but smaller than 17.5 W is not enough. The high power of
UVC is not required to activate the TiO2 particles because after 30 W of UVC power, the
grease reduction with TiO2 coated grease filters is almost steady or not differentiable. Even
in some cases it is smaller. Nevertheless, TiO2 grease filters with 30 W ozone free lamp
performed well to reduce the grease amounts. In the meanwhile, performance of ozone in
the grease removal process with TiO2 coated grease filter was not identified.
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Figure 12 below also presents the grease reduction amounts through various treatment
methods applied in the laboratory experiments:
100,0
90,0
80,0

Concentration of oil (mg/mL)

70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Different tretament methods

Figure 12: Grease removal comparisons chart for different treatment methods
1 = JCE,

2 = JCE+GF,

3 = JCE+GF+J. Lamp (120 W),

4 = JCE+GFTiO2+J. Lamp (120 W),

5 = JCE+GF+J. Lamp (40 W),

6 = JCE+GFTiO2+ J. Lamp (40 W),

7 = JCE+GF+D. Lamp (140 W),

8 = JCE+GFTiO2+D. Lamp (140 W),

9 = JCE+GF+D. Lamp (70 W),

10 = JCE+GFTiO2+D. Lamp (70 W),

11= JCE+GF+D. Lamp (17,5W),

12 = JCE+GFTiO2+D. Lamp (17,5W),

13 = JCE+GF+N. Lamp (30 W),

14 = JCE+GFTiO2+N. Lamp (30 W),

15 = JCE+GF+G. Lamp (170 W),

16 = JCE+GFTiO2+G. Lamp (170 W)

The figure 12 depicts the same statements explained in the texts above. The lower
concentrations of the grease can be seen in the UVC treatment with TiO2 coated grease
filters. The chart shows that there is no any proportional relation to the various power of the
lamps but it is dependent on how much power is required to active the TiO2 particles in the
grease filters. The high power lamp is not required but lower than 17.5 W is not good enough
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for grease removal process. The results shows that 18 W to 40 W power of lamp is good
enough for reducing the grease at exhaust flow rate 167, 9 l/s.
The total (GF+TiO2+UVC) grease removal percentage is the full capacity of the advanced
grease filtration equipment which means all the grease removal equipment and chemicals
excluding JCE cyclone filters. Almost all the macro grease particles are removed by JCE
cyclone filters and micro grease particles are removed by this advanced filtration system. If
the total grease removal percentages of all methods are observed, the same results as
TiO2/UVC are visualized. Total grease removal done by Jeven’s three lamps (120 W),
Jeven’s one lamp (40 W), Desinfinator lamps (140 W) and ozone free lamp (30 W) are
59.6%, 58.1 %, 59.5 %, and 59.9 % respectively which are the highest removal percentages..

It does not show the big variation of the grease removal quantities between these ozone
generating lamps and ozone free lamp. It means presence of ozone in the grease removal
process is not very significant.

6.5.3 Ozone concentrations results and analysis
This section provides the information of the ozone production by different lamps. The ozone
generating lamps had different concentrations of ozone producing capacity depending on its
construction because ozone production is dependent on the certain wavelength zone UV
lamps. The low pressure lamps usually emit UV radiation at a wavelength of 254 nm which
is the ozone free zone of the UV lamps. The medium pressure UV lamps usually radiate at
wavelength between 200 and 300 nm. Ozone generation increases when lamp emission is
less than 200 nm and reaches its maximum at 185 nm. Thus, ozone generating UV lamps are
constructed for irradiation at 254 nm and 185 nm. The amount of UV power output and
ozone production is dependent on the materials used in the lamps. For instance; synthetic
quartz glass and natural quartz glass allows approximately 9 % and 6 % of 185 nm radiation
output to electrical input power but doped quartz glass restricts all UVC irradiation. UV
radiation at this wavelength. Similarly, amalgam lamps produce about ten times UV power
as compared to conventional mercury low pressure lamps of the same length. (Heraeus, n.d.)
Ozone production is dependent on how the spectrums of the lamps are chosen and what kind
of materials have been used when construction. The lamps used in this laboratory experiment
were different and had different ozone generating capacity with different UVC power. The
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ozone concentrations produced from these lamps were tested by Porta Sens II ozone detector.
The measured ozone concentrations of different lamps have been presented in the table 6
below:
Table 6: Ozone concentration measurements
Type

Power

Ozone in

Ozone in

Ozone in

(W)

distance 0 cm

distance 90

distance

(ppm)

cm (ppm)

9m (ppm)

Ozone free lamp

30

no detection

-

-

Conventional lamp

40

7

-

-

Desinfinator lamp

17.5

0.1

-

-

Desinfinator lamp

35

0.5

-

-

Desinfinator lamp

70

0.7

-

-

Desinfinator lamp

105

2.4

-

-

German Lamp

170

35.1

8.9

8.1

German Lamp

170

30.5

9.0

8.7

170

27.6

8.4

7.8

(without the oil
heating)
German Lamp
(with the oil
heating)

The ozone concentrations were measured inside the ventilation ducts where UV lamps were
installed. Ozone producing UVC light (German lamp, 170 W) was installed 3-5 cm above
the wire net grease filter. The measurements were taken from different height levels of
ventilation duct and parallel points of the radius of the duct. The ozone concentrations were
measured several times and the last experimental results have been presented in the table 5.
The results show that a huge amount of ozone was detected below 90 cm of duct height level.
More than third fold of ozone was consumed in this height level and after that uniform
concentrations of ozone have been measured. It is also viewed that the concentration of
ozone in this height level has reduced almost equally with the oil fumes and without oil
fumes. It means the ozone reacts very fast with the pollutants and particulates. This result
shows that a very small portion (9.5 %) of the grease has reduced by the ozone effect below
the 90 cm height level and the rest of the ozone is reacted with the other air particles and
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humidity. Therefore, ozone effect to the grease removal process was very small. Similarly,
ozone

reaction above 90 cm height level was insignificant and the untreated ozone went

out to the atmosphere through the exhaust air in the ventilation duct.

6.5.4 Effect of ozone vs TiO2
Above results demonstrates that ozone treatment has several complications. Reaction of
ozone with grease particles is not so high and more than 90 % of produced ozone has reacted
with the air humidity and other particles of pollutants. This experimental result is the only
one out of several other experiments done for ozone analysis which had shown the grease
reduction about 10 %. Other experiments did not show any grease reduction and the
experiments were done for several times to ensure the effectiveness of the ozone treatment.
Thus, it can also be said that ozone did not reduce any grease amount in the given
experimental conditions. The concentration of the grease production during the experiment
was very low. This could also be one reason why the reduction was not clearly determined.
However, the ozone reduction is very low even if it happens with the high concentration of
grease. It is said that ozone removes the odor from the kitchen exhausts but it is not true.
Instead of removing odor, it produced unpleasant smell which author also felt during the
experiment.
Opposite of ozone effect, TiO2 provided very positive result with huge grease reduction
when treatment done with the UVC light. It reduced 22 to 42 % grease depending on the
types and power of UV lamps. With the high power of UVC lamp, it reduced more amount
of grease and low amount with the low power of light but this did not happen for the higher
power series of lamps. The grease filtration with the lamp power of 9 W (2.5 UVC/W) did
not work at all while with the lamp power 40 W and 170 W did not show much difference.
Similarly, grease reduction with the TiO2 grease filter plus ozone free lamp and ozone lamp
had not so much difference too. It means 18 W power of ozone free lamp and 17.5 W ozone
lamp can easily activate the TiO2 to make it ready for the reaction with the grease particles.
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6.5.5 Light irradiation measurements results and analysis
During the experiment, UVC irradiations of different UVC lamps were measured. Table 7
below presents the results of UVC irradiation obtained from the measurement of different
tested UV lights:
Table 7: UVC light irradiation measurement results
No. Type of lamps

Power

Distance between

Irradiation

(W)

lamp and grease filter

(mW/cm2)

(cm)
1

Ozone free lamp

18

3.0

1.6

2

Ozone free lamp

30

4.0

8.9

3

Conventional lamp

40

3.0

10.8

8

German Lamp

170

3.0

6.7

As shown in the table 6, irradiations of the higher power of UVC lamps had higher output
power and lower power of UVC lamps had lower output power except German lamp of 170
W power which had lower irradiations as compared to others. It is may be because the
constructions of that lamp is different as compared to other lamps. It has been already stated
that the materials and light spectrums used for the construction of the lamps causes variations
in the generation of the UVC and irradiation. A very huge concentration of ozone was
detected with the German lamp (170 W) which indicates that radiation wavelength is out of
measurement range of the radiometer. The results show that high power of UVC lamps
generate high irradiation and low power generates low irradiation.
The irradiation of Jeven’s conventional lamp in the middle of the surface of grease filter and
center of the ventilation duct was 10.8 w/cm2, but left and right corner edge of the grease
filter were 7.4 and 4.7 w/cm2. The edge of the middle length of the grease filter had only 3.3
w/cm2.
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The figure 13 illustrtaes the irradiation measurements in the different parts of the grease filter
located in the canopy hood.

Figure 13: Light irradiation measurement in the different points of the grease filter

The results illustrates that the uniform effect of UVC around the ventilation canopy is not
possible. The irradiation is inversely proportional to distance. If the insufficient irradiation
of UVC is applied to treat the exhaust air in the canopy, the reaction of grease particles does
not happen with the UVC light and TiO2 and grease reduction is not possible.

6.5.6 The effect of different TiO2 crystals and coatings techniques
This section outlines the results obtained from the analysis of different coating methods and
crystals of TiO2. The figure 14 presents the obtained results for different TiO2 coating
methods.

60,00

C-H (mg/m3)

50,00
40,00
30,00
20,00
10,00
0,00
N. Lamp(18 W) N. Lamp(18 W) N. Lamp(18 W) N. Lamp(18 W) N. Lamp(18 W)
+GFTiO2 1+2 +GFTiO2 1+3 +GFTiO2 1+4 +GFTiO2 1+5 +GFTiO2 1+6
Different TiO2 coatings methods

Figure 14 : Comparisons for different TiO2 coating methods
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The obtained improvement percentages indicates only the improvement from one type of
TiO2 coating method to another method. The best grease filtration performance is shown
by UV/TiO2 1+5 grease filter in which the coating was done with sol gel matrix of TiO2
and the additives of titanium hydroxide and titanium dioxide.
This result provides information of the best TiO2 coating method but not the improvement
of the grease filters in the grease filtration system. Thus, this result does play vital role to
the improvement of the photocatalytic oxidation of grease filtration system.
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7.0 CONCLUSIONS AND RECOMMENDATIONS
The research conducted to examine the grease filtration with UV light proves to be an
effective method for kitchen exhaust cleaning system. The laboratory experiments has
shown that the application of UVC light reduces about 11 % to 28 % of grease particles from
the kitchen exhaust air depending on the type of lamps. The lamps are manufactured with
the different spectrums of light. The shorter wavelength of light consists of higher
penetrating power and longer wavelengths consist of lower penetrating power and the same
effect to grease filtration process as well. The ozone generating lamps and ozone free lamps
both have different reaction capacity with grease. The results have shown that ozone
producing lamp has higher grease reduction capacity as compared to ozone free lamp but
ozone producing lamp is not very significant and it is also harmful for health. The UV power
ranging from 18 W to 40 W is sufficient for effective removal of kitchen grease at exhaust
flow rate 167.9 l/s with the application of both the ozone producing and ozone free lamps.
The result obtained from the grease filtration with UVC lamp and Titanium dioxide (TiO2)
illustrates that the UV effect to TiO2 is very satisfactory. Almost all the experiments done
for TiO2 testing have improved the grease removal (see table 4 and figure 12) capacity of
grease filters. The percentages of grease reduction by TiO2 coated grease filters with
different UV lamps are ranges from 22 % to 42 % depending on the types of lamps which is
very positive result. The result presents that the grease reduction with ozone free lamp alone
is not efficient but it is the best with the combined effect of lamp and TiO2 coated grease
filters. Both 18 W and 30 W ozone free lamps provided the excellent grease reduction with
TiO2 coated grease filters; 40.7 % and 57.7 % reductions respectively (see in table 4). This
is one of the best performances of all the results obtained from the whole experiments. Thus,
TiO2 functions very well with the low power of UV lamps (18 W – 40 W) in the grease
removal process. Similarly, ozone free lamp works very well without TiO2. It means
photocatalytic oxidation reaction with TiO2 catalyst can be used in the grease filtration
techniques.
Ozone effect in the grease removal process does not seem very good. It was very difficult to
determine the ozone effect in the grease removal process. It is not sure whether ozone has
any effect to grease removal process or not. Instead, ozone produces unpleasant odor in the
kitchen and can be felt it very easily. Thus, it is concluded that ozone application for the
grease removal process is not necessary. The UVC light irradiation is an important factor for
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the treatment process. The treatment efficiency of photocatalytic oxidation with TiO2
depends on UV irradiation as well. The distance affects to irradiation of lamp. Thus, the
positioning of lamps in the grease removal systems also affects in the treatment efficiency
of the system. The lamps positioned up to 3-5 centimeters from the base of grease filter
works properly. TiO2 coating technique and use of different crystal structures of TiO2 in the
coating methods has tiny effect in the efficiency improvement.
To sum up, it is concluded that grease filtration is possible with the small power (18 W) of
ozone free lamps in combination with TiO2 coated grease filters for the air flow rate 167. 9
l/s and 170 0C oil heating temperature. The ozone treatment in the grease filtration process
is not compulsory. Grease treatment with photo catalytic oxidation (UV/TiO2) is better than
UV/Ozone treatment due to its environmental benefits. The application of low power of
UVC lamp makes the system energy efficient. The magnitude of energy efficiency can be
determined only after the calculation of lamps power used in the current grease treatment
system with UV light and the power used in the new invention. Theoretical statements
regarding photo catalytic oxidation has been proven with this experimental project work.
Therefore, this technique can be utilized in the grease removal process as a new technique.
The application of photo catalytic oxidation (TiO2/UV) method refers to green technology
due to its environmental friendly, energy efficient and economical behavior. The photo
catalytic oxidation (UV/TiO2) for grease removal process is a green technique. It provides a
very good grease removal efficiency up to 58 % removal for micro grease particles. The
grease filtration is done by the short wavelength of UVC light (100 – 280 nm) which is very
strong for killing the bacteria, molds, and other biological organisms present in the kitchen
hoods. Thus, the germ free kitchen environment is achieved with the application of UVC
light. Besides this, all other pollutants including grease particles are removed by the UVC
light through the photo catalytic reaction. The high power of UVC photons generate high
irradiation and can arrive to working place. The new treatment system functions at the very
low power of UVC lamp (18 W). It does not produce very huge irradiation and light photons
cannot arrive to workplace. Thus, kitchen environment is safe to work. The lamp does not
generates ozone. Thus, there is no danger due to the ozone effect. As explained in the earlier
chapter, ozone is harmful gas in its high concentration level. The ozone generating lamp
produces unpleasant odor in the kitchen but ozone free lamp does not have this problem.
Therefore, the ozone free lamp for the grease filtration system is environmentally friendly.
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The new treatment system utilizes Titanium dioxide (TiO2) as catalyst in the photo
catalytic oxidation reaction which is green catalyst. TiO2 coatings work for a long time in
the grease filters. Photo catalytic oxidation process in grease filtration system does not
produce any waste products. Rather, it decomposes grease and other particles into carbon
dioxide (CO2) and water (H2O). Unlike UV/Ozone treatment to grease removal process,
UV/TiO2 treatment does not produce ozone gas and odor. Instead, it removes the odor
produced in the kitchen. Self-cleaning property of titanium dioxide eradicates the worries of
the kitchen workers about the frequent cleaning of grease filters. The grease filters are
remained cleaned for a long time due to self-cleaning of TiO2. Thus, utilization of titanium
dioxide in the grease filtration process provides plenty of environmental benefits.
The development of energy efficient products is the concern of manufacturers nowadays.
The use of energy in the discipline manner helps to reduce the scarcity of energy. Energy
saving is one of the main targets of environmental authorities in many countries nowadays.
Thus, many obligatory regulations have been created for energy savings through product
development or any other means. The combined effect of minimum power of UVC lamp (18
W) and TiO2 coated grease filters can easily remove the grease particles at the exhaust air
flow rate 167.9 l/s. Consumption of low power of electricity in the grease filtration system
confirms the conservation of electricity. Almost all currently used grease filtration systems
consist of about ten folds of UV lamp power than this new experimented power of lamp
which means 10 times energy is conserved due to the application of new grease treatment
system. For instance, a grease filtering system manufacturing company uses 160 W power
of lamps in its treatment system. Usually bigger kitchen is working about 18 hours per day.
By referencing these values that grease filtration system consumes 1.05 MWh of energy
annually but the new grease filtration technique consumes only 118.3 KWh of energy
annually. The application of new technique confirms 87.9 % energy saving. Thus, new
grease filtration technique is highly energy efficient.
The innovation of all new products must be economical for both the producers and
consumers. The economic benefits from the new invention is the main target of
entrepreneurs as well. The experimented new technique in the grease filtration process is
economical because it can save a huge amount of money. First of all, it saves the money
from the conservation of energy. The cost of electricity is magnificently reduced since the
use of electricity is reduced about tenfold. The requirement of number of lights are minimum
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which also reduces the cost of the products but this can be compensated to the price required
for Titanium dioxide (TiO2) coating. The construction of UV combilux is not mandatory
since only one UV lamp is used in the system and the cost of the product is saved. The
frequent cleaning cost is also minimized due to the self-cleaning of Titanium dioxide (TiO2).
Thus, the experimented new grease filtration technique has a lot of economic benefits.
The overall analysis depicts that the application of photo catalytic oxidation (PCO) to grease
filtration technique is significant. The technique is most desirable in the view of
environment, economy and energy conservation. This new grease removal technique may
bring a lot of advantages to all the entities relating to kitchen environment and user of kitchen
products. Thus, it is recommended to all kitchen manufacturing entrepreneurs to utilize this
new grease removal technique in their kitchen ventilation products. Similarly, both the
kitchen employers and employee can rely on this new technique and remain healthy and
comfortable in kitchen environment.
Though both the ozone generating lamp and ozone free lamp at minimum consumption of
UV power worked well, it is recommended to use ozone free lamp in the grease filtration
system because ozone is harmful for health. Ozone free lamp with TiO2 grease filters
provides the same types of reactions as ozone generating lamp does. Instead, self –cleaning
property comes as an advantage with the TiO2/UV photo catalytic reaction. It is also
recommended to use the grease filter coating by spraying sol gel matrix of TiO2 and the
additives of titanium hydroxide and titanium dioxide. The height between the grease filter
and lamp is recommended to be 3-4 centimeters.
This research was made with the series of experimental analysis with different alternative
methods which were expected to bring the positive outcome. Most of the results are obtained
as according to the theories and expectations but some of them fail to bring the results as
others. That can be due to the experimental or instrumental errors. The analyzed
concentrations of the samples were very small. The variations in the results were not very
differentiable and the repetitions of the experiments were required. Thus, the same tests can
be examined with the high concentrations of grease. The experiment can be done in the real
kitchen where grease production is higher than in laboratory. Similarly, the experiment was
done with only one type of oil. It can be analyzed with the other type of oil/fat and with the
mixture of more than one types of oil/fat.
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APPENDICES
Appendix 1: Spectrum of oil 100 μl/ml
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Appendix 2: Air volume calculation file
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Samples

No GF
TiO2 GF
J. Lamp(120 W) +GF
J. Lamp(120 W)
+GFTiO2
J. Lamp(40 W) +GF
J. Lamp(40 W)
+GFTiO2
D. Lamp (140 W)+GF
D. Lamp (140
W)+GFTiO2
D. Lamp (70 W)+GF
D. Lamp (70
W)+GFTiO2
D. Lamp (17,5W)+GF
D. Lamp (17,5
W)+GFTiO2
N. Lamp (30 W)+ GF
N. Lamp (30 W)+
GFTiO2
G. Lamp (170 W)+ GF
G. Lamp (170 W)+
GFTiO2

Exhaust
air flow
rate
(l/s)
167,9
167,9
167,9
167,9

Air
flow
(l/min)

Time
(min)

Air Volume (l)

Air Volume (m3)

3,42
3,6
3,38
3,67

60
60
60
60

205,2
216
202,8
220,2

0,2052
0,216
0,2028
0,2202

167,9
167,9

3,51
3,4

60
60

210,6
204

0,2106
0,204

167,9
167,9

3,8
3,49

60
60

228
209,4

0,228
0,2094

167,9
167,9

3,7
3,65

60
60

222
219

0,222
0,219

167,9
167,9

3,64
3,66

60
60

218,4
219,6

0,2184
0,2196

167,9
167,9

3,5
3,61

60
60

210
216,6

0,21
0,2166

167,9
167,9

3,7
3,69

60
60

222
221,4

0,222
0,2214
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Appendix 3: The results and comparisons of different TiO2 coating methods
No.

Treatment
methods

1

N. Lamp(18 W)
+GFTiO2 12
N. Lamp(18 W)
+GFTiO2 13
N. Lamp(18 W)
+GFTiO2 14
N. Lamp(18 W)
+GFTiO2 15
N. Lamp(18 W)
+GFTiO2 16

2
3
4
5

Exhaust air
flow rate
(l/s)
168,9

Air Volume
(m3)

C-H
(mg/ml)

C-H
(mg/m3)

0,22

12,30

55,94

Improvements
(%)
0,0

167,93

0,22

11,88

54,02

3,4

167,93

0,22

10,70

48,67

13,0

162,92

0,22

8,34

37,60

32,2

162,92

0,22

9,11

41,60

25,9

