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Abstract 
Fat, oil, and grease (FOG) deposits in wastewater systems reduce sewer diameter and 
can completely block the pipe, leading to sanitary sewer overflows (SSOs). This 
impacts both public health and the environment. Grease separators (GSs) are tanks that 
have the ability to prevent a substantial part of the incoming FOG from entering the 
sewer system. The aim of this study was to characterize the fatty acid profile and the 
change over time in fat content, free fatty acids (FFAs) and dry solids in FOG-rich 
residues from three GSs in the Stockholm region. One of these GSs was treated with a 
biological system (GOR BioSystem™). The results show a lower amount of fat and dry 
solids in the biologically treated GS compared with the two untreated. The proportion of 
FFAs is high from the beginning of the study period in grease caps from all GSs 
analyzed. The predominant fatty acids in FOG was in this study palmitic (C16:0), 
stearic (C18:0), oleic (C18:1) and linoleic acid (C18:2), which is consistent with 
previous studies. However, there was a higher content of palmitic acid (C16:0) and 
saturated fatty acids in the grease caps from the treated GS. The untreated GSs had a 
higher content of oleic acid (C18:1) and unsaturated fatty acid, which in one of these 
GSs decreased during the study period. In conclusion, the change in the fatty acid 
profile in FOG-rich residues did not follow the same pattern in the different GSs and the 
results were inconclusive. Further studies, with a longer time perspective, are needed in 
this area.  
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Sammanfattning  
Fett, olja och flott (FOG) skapar problem i avloppsystemet då det kan bilda avlagringar, 
vilka kan täppa igen rören. Det här kan orsaka översvämningar som både påverkar 
folkhälsan och miljön. Därför har matserviceanläggningar fettavskiljare som kan 
förhindra en stor del av FOG från att släppas ut i avloppssystemet. Syftet med 
föreliggande arbete var att bestämma fettsyrainnehållet i fettkakor från tre olika 
fettavskiljare i Stockholmsområdet och analysera hur fetthalten, fria fettsyror och 
torrsubstansen varierar över tid. En av dessa fettavskiljare var behandlad med ett 
biologiskt system (GOR BioSystem™) framtaget av Bioteria Technologies. Resultaten 
visade på en lägre fetthalt och torrsubstans i fettkakor från den behandlade 
fettavskiljaren jämfört med de två obehandlade. Innehållet av fria fettsyror var högt 
redan i början av studieperioden i samtliga fettavskiljare. Vidare visade fettsyraprofilen 
att de dominerande fettsyrorna i FOG var palmitinsyra (C16:0), stearinsyra (C18:0), 
oljesyra (C18:1) samt linolsyra (C18:2), vilket stämmer överens med tidigare studier. 
Det var en högre halt palmitinsyra (C16:0) och mättade fettsyror i fettkakorna från den 
behandlade fettavskiljaren. I de två obehandlade var det däremot högre halt oljesyra 
(C18:1) och omättade fettsyror, vilket minskade under studieperioden i en av 
fettavskiljarna. Sammanfattningsvis såg innehållet och förändringen över tid olika ut i 
de tre olika fettavskiljarna och därför kunde ingen slutsats om förändringen över tid 
fastställas. Fler studier med ett längre tidsperspektiv behövs därför inom det här 
området.  
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1 Introduction 
Fat, oil, and grease (FOG) deposits in sewer systems are a major problem for large cities in 
developed regions. Accumulation of FOG in wastewater systems reduces sewer diameters 
and can completely block pipes (Williams, Clarkson, Mant, Drinkwater & May 2012; He, 
Osborne & De los Reyes 2012; Aziz, Holt, Keener, Groninger & Ducoste 2011), leading to 
sanitary sewer overflows (SSOs) (He et al. 2013; He, Osborne & De los Reyes 2012; Aziz 
et al. 2011). SSOs can potentially release pathogens, nutrients and solids, which impact 
public health and the environment. Fifty percent of SSOs are caused by pipe blockages, of 
which half devolve upon FOG accumulation (He et al. 2013; Aziz et al. 2011). 
Furthermore, FOG can, under anaerobic conditions, cause corrosion of sewer lines and 
thereby shorten the lifetime of the pipe (Husain et al. 2014).  
 
Food service establishments (FSEs) such as restaurants (Mattsson, Hedström, Viklander & 
Blecken 2014) and industrial food production units are the largest contributors to FOG 
deposits in sewer systems (Williams et al. 2012). FOG are by-products of cooking and 
usually includes food scraps, meat fats, lard, tallow, cooking oil, butter, margarine, sauces, 
gravy, dressings, deep-fried food, baked goods and cheese (Husain et al. 2014). 
 
1.1 Composition of FOG 
Fat, oil and grease (FOG) are mainly composed of triacylglycerols (TAGs), which are 
esters of glycerol and fatty acids (Husain et al. 2014; Williams et al. 2012; Damodoran, 
Parkin & Fennema 2008), but it also include other compounds, such as waxes and paraffin 
(Aziz, et al. 2011; Husain et al. 2014), that are soluble in non-polar organic solvents 
(Husain et al. 2014; Damodoran, Parkin & Fennema 2008). Fatty acids are compounds that 
contain an aliphatic chain with a carboxylic acid group. Most fatty acids have an even 
number of carbons in a straight chain. The majority of fatty acids in nature consist of 14-24 
carbons. They are mainly classified as saturated and unsaturated, with unsaturated 
containing one or more double bonds. Double bonds influence the physical state of the 
fatty acids. Double bond in the cis configuration, when the carbons are on the same side of 
the double bond, makes the melting point relatively low, therefore, these fatty acids are 
generally liquid at room temperature. Double bond in the trans configuration, when the 
carbons are on the opposite side of the double bond, has a higher melting point than cis 
configuration but lower than the saturated fatty acids (Damodoran, Parkin & Fennema 
2008). An illustration of a TAG with three different fatty acids attached is presented in 
Figure 1.  
 
Glycerol contains three carbon atoms, each carrying a hydroxyl group. Fatty acids react 
with the hydroxyl group(s) to form monoacylglycerol, diacylglycerol or TAG (Figure 1) 
(Husain et al. 2014; Damodoran, Parkin & Fennema 2008), of which TAG are the most 
common in foods (Damodoran, Parkin & Fennema 2008). The fatty acid composition 
varies between TAGs of different origin. Plants and oils contain TAGs with more 
unsaturated fatty acids than animal fats. Therefore, oils have a lower melting point and are 
usually liquid at room temperature, while animal fats are solid (Husain et al. 2014).  
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Figure 1. The structure of a triacylglycerol, the top fatty acid is elaidic acid (C18:1 trans), the middle one is 
palmitic acid (C16:0) and the bottom one is oleic acid (C18:1 cis).  
 
1.1.1 Free fatty acids  
FOG can contain large amounts of free fatty acids (FFAs), which are generally formed by 
hydrolysis and oxidation reactions of oils during deep-frying of food (Husain et al. 2014). 
TAGs are hydrolysed, and the fatty acids are liberated from the glycerol, due to high 
temperature and the introduction of water from the fried food. TAGs can also be 
hydrolysed by enzymes called lipases (Damodoran, Parkin & Fennema 2008). In addition, 
Ragauskas, Pu & Ragauskas (2013) report that the presence of detergents and sanitizers 
can enhance the hydrolysis of TAG.  
 
FFAs are subjected to lipid oxidation, which is a radical chain reaction promoted by heat, 
light and heavy metals (Domodoran, Parkin & Fennema 2008; Husain et al. 2014). Lipid 
oxidation leads to the formation of hydroperoxides, which can undergo further reactions to 
products such as aldehydes, ketones, organic acids and hydrocarbons (Domodoran, Parkin 
& Fennema 2008; Nielsen 2010). The first step of the oxidation is the abstraction of 
hydrogen from a fatty acid to form a fatty acid radical. The ease to form fatty acid radicals 
increases with increasing unsaturation, because the carbon-hydrogen bond becomes weaker 
when the carbon is adjacent to a double bond. If the carbon is located between two double 
bonds the bond becomes even weaker and lipid oxidation occurs faster (Damodoran, 
Parkin & Fennema 2008). 
 
FFAs reduce the pH of FOG and contribute to saponification (Husain et al. 2014). In the 
saponification reaction TAGs are degraded into glycerol and FFA with the treatment of 
alkali, potassium for example, and soap is formed by the reaction of FFA and alkali 
(Figure 2) (Nielsen 2010). In sewer systems, FFAs react with calcium ions (Ca2+) to form 
metallic soap, which may lead to the formation of solid FOG deposits and SSOs (He et al. 
2013; Mattsson et al. 2014; Husain et al. 2014; He, Zhang, Cooney & Yan 2015).  
 

 
Figure 2. Saponification reaction forms glycerol and potassium salt from triacylglycerol and potassium 
hydroxide.  
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1.1.2 Fatty acid composition 
The predominant fatty acids in FOG are long-chain fatty acids (LCFA) (He et al. 2015; 
Long, Aziz, De los Reyes & Ducoste 2012), with 14-18 carbons (He et al. 2015). Oleic 
acid (C18:1) is the most common unsaturated fatty acid and palmitic acid (C16:0) is the 
most common saturated fatty acid (Ragauskas, Pu & Ragauskas 2013; Long et al. 2012; 
Williams et al. 2012). Moreover, linoleic acid (C18:2) and stearic acid (C18:0) has also 
been reported to be commonly present in FOG (Nitayapat & Chitprasert 2013). Williams et 
al. (2012) studied changes in the fatty acid profile of FOG during a 14 months period and 
concluded that the amount of oleic acid (C18:1) decreased, while the amount of palmitic 
acid (C16:0) increased. 
 
1.2 Grease separators 
Grease separators (GSs) are devices that allow separation of FOG from the aqueous 
wastewater stream, which prevents them from entering the sewer system (Ragauskas, Pu & 
Ragauskas 2013; Yalcinkaya & Malina 2015; Long et al. 2012). GSs are tanks where free-
floating, non-emulsified FOG is separated at the surface while heavier particles are 
allowed to settle and form sediments at the bottom (Mattsson et al. 2014; Ragauskas, Pu & 
Ragauskas 2013; Long et al. 2012). The wastewater comes in trough the inlet to the GS 
(SS EN 1825-1) and is retained in the tank long enough so that grease and some solids can 
rise to the water surface and most of the solids settle to the bottom. The clarified water is 
eventually discharged to a sanitary sewer system (Ragauskas, Pu & Ragauskas 2013). GSs 
can have a separate sludge compartment (the part where material settles to the bottom) or it 
can be combined with the separation compartment (the part where grease floats on top of 
the wastewater) (SS EN 1825-1). An illustration of the construction of a GS is presented in 
Figure 3.  
 

 
Figure 3. Illustration of a grease separator with separated sludge, and separation compartment; (1) inlet, (2) 
sludge compartment, (3) separation compartment, (4) outlet (effluent). Note that the GS is not working well, 
since there is FOG in the effluent compartment. (Adapted from Bioteria Technologies 2011). 
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The content in GSs normally forms three layers: a top floatable layer rich in FOG; a middle 
aqueous layer rich in organic material; and a bottom sludge layer containing food particles 
and other solids (Ragauskas, Pu & Ragauskas 2013; Long et al. 2012). The volume of each 
layer will vary between different GSs (Long et al. 2012). The GS material normally 
consists of about 95 % water, 3 % solids and 2 % FOG (Ragauskas, Pu & Ragauskas 
2013). 
 
GSs can have different sizes, bigger GSs can be around 3785-7570 litres and are located 
below ground, outside the food preparation area. Smaller GSs can be around 190 litres and 
are installed inside the food preparation area directly below the sink (Long et al. 2012; 
Ragauskas, Pu & Ragauskas 2013). According to Swedish standard (SS EN 1825-2) size is 
selected based on flow rate and temperature of the wastewater, the density of material to be 
separated and the influence of detergents and cleaners. The GS should be controlled, 
pumped out (emptied) and cleaned regularly based on storage capacity for grease and 
sludge. Furthermore, GSs should be used in FSEs and industry facilities, such as catering 
facilities, slaughterhouses, soap and stearin factories and French fries and potato chips 
manufacturers (SS EN 1825-2). 
 
1.2.1 Physical properties of FOG-rich Residues in Grease Separators 
FOG-rich residues, or grease caps, have a greasy texture and can be both liquid and solid, 
which depends on the fatty acid composition. FOG is insoluble in water but soluble in 
organic solvents such as hexane, ether, and chloroform. It has a density less than water and 
therefore, it floats on the water surface, forming a grease cap of FOG-rich residues (Husain 
et al. 2014). However, the chemical and physical characteristics of FOG-rich residues can 
vary greatly depending on the type of FSE and the configuration and the pump out 
frequency of the GS. The characteristics can even vary within a single GS at different 
times (Long et al. 2012). 
 
GSs have the capacity to prevent a substantial part of the incoming FOG from entering the 
sewer system, but it has been demonstrated that their performance is dependent on the 
incoming state of the FOG material (Mattsson et al. 2014). FOG can form emulsions with 
aqueous media in the presence of soap or other emulsifying agents. The use of a 
dishwasher or high-temperature water might cause FOG to melt and emulsify within the 
wastewater phase and escape the GS (Husain et al. 2014). 
 
1.3 Biological Treatment of FOG-rich Residues 
Biological treatment of FOG-rich residues includes the use of enzymes and/or lipolytic 
microorganisms (Chipasa & Mędrzycka 2006; Alves 2013). Different biological products 
have been developed to control FOG in sewer systems, some of them are added directly in 
the pipelines and others to the GSs (Alves 2013). Microorganisms have the ability to 
biodegrade fats in the GS. The first step of biodegradation is hydrolysis of TAGs to 
glycerol and fatty acids, which is catalyzed by lipases. The fatty acids are further degraded 
by β-oxidation. In this process the fatty acids are stepwise shortened by two carbons until 
only carbon dioxide and biomass remain. The introduction of microorganisms for 
biodegradation is also called bioaugmentation (Chipasa & Mędrzycka 2006; Alves 2013). 
This could be a method to enhance biodegradation and thereby reduce the levels of FOG in 
the GS effluent water (Chipasa & Mędrzycka 2006; He, Osborne & De los Reyes 2012). 
 
Studies have shown that the biodegradability of LCFA depends on the characteristics of 
the fatty acids. Shorter fatty acids with a higher degree of unsaturation are easier degraded 
with biological treatment (Chipasa & Mędrzycka 2006).  



  
 

8 

1.3.1 GOR BioSystem™ 
GOR BioSystem™ is a technique developed by Bioteria Technologies AB, which aims to 
reduce FOG and odour in GSs. In this system selective and adapted fat degrading bacteria 
are inoculated to stimulate the growth of the native aerobic microorganisms in the GS 
(Alves 2013). An illustration and explanation of the main components of the GOR 
BioSystem™ is presented in Figure 4. 
 

  
Figure 4. Illustration of a GS with the GOR BioSystem™. The system consists of a biological product (3), 
which is regulated by a control system (1). A sensor (2) monitors water and grease cap levels in the GS and it 
has an aeration system (4) that provides oxygen to the bacteria for complete oxidation of fats (Bioteria; Alves 
2013). (Adapted from Bioteria Technologies 2012).   
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2 Aims 
The aims of this project were to characterize the fatty acid profile and the change over time 
in FOG-rich residues from three different GSs in the Stockholm region. One of those GS 
was treated with the GOR BioSystem™.  
 
3 Materials and Methods 
In this study, three different GSs connected to the kitchens from three different schools 
(Skolhagenskolan, Milstensskolan, and Futuraskolan Myrlejonet) were analyzed, all 
located in Täby municipality, Stockholm. All GSs were pumped out on February 29th, 
which was referred to as activity day 0. An activity day was defined as a day when the 
restaurants were open, therefore, weekends and holidays were not included. An interview 
about kitchen routine was conducted with the kitchen staff at each school.   
 
3.1 Sampling Methodology 
Staff assigned by Bioteria Technologies performed the sampling operations from the GSs. 
I was present during the first sampling operation to get knowledge about the methodology. 
The samples were taken with a special sampling tool developed by Jorma Palosaari 
(Bioteria Technologies). Temperature and pH were measured during the sampling 
operations with a Thermo Scientific Orion Star A324 pH/ISE.  
 
After the sampling operation, the samples were frozen and transported to Linnaeus 
University, where they were stored in a freezer (-18 °C) until analyses were performed. 
Some of the samples were partially thawed while transported to the university.  
 
3.2 Sampling sites 
3.2.1 Skolhagenskolan 
Skolhagenskolan is a school with the grades 7-9. The kitchen at Skolhagenskolan produces 
approximately 1000 portions of food daily. About 450 portions are served at the 
Skolhagenskolan school restaurants and the rest is distributed to other restaurants. The 
kitchen is opened 6.30 am to 3 pm and produces all different kind of foods. Rapeseed oil is 
almost always used for frying. After each lunch about 100 trays with dishes goes through a 
big dishwasher. An alkaline detergent (Solid Clean) is used for dishwashing. The 
dishwasher is cleaned after use every day and is further treated with descaling once every 
semester. The flooring drains are flushed every day and cleansed with descaling once every 
month. The floors are cleansed with floor cleanser every day.  
 
Samples were taken at activity day 3 (March 9th), 11 (March 21st), 32 (April 21st) and after 
8 months (February 24th). The 8 months samples were taken before the GS pump out. The 
GS is treated with the GOR BioSystem™ and has two compartments, separation, and 
sludge. It is made out of glass fibre and has a flow rate of 15 L/s. Grease caps samples 
from both compartments were analyzed. At activity day 3 there were no grease caps 
present in either compartment and at activity day 11 there was no grease cap in the 
separation compartment, thus, no analyses were performed on these days.  
 
3.2.2 Futuraskolan Myrlejonet 
Myrlejonet is a preschool for children in ages 1-5 years old. Myrlejonet restaurant serves 
lunch and snacks to 85 people daily. None of the food is produced in the kitchen. The 
dishwasher is running approximately 10 times a day and most frequently at 9 am. The 
dishes are washed with hot water before placing in the dishwasher. An alkaline detergent 
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(Solid Clean by Ecolab) is used for dishwashing. The dishwasher is descaled regularly with 
descaling (Limeaway Extra by Ecolab). The floors are cleansed every day with fat 
dissolving detergents.  
 
Samples were taken at activity day 3 (March 2nd), 16 (March 21st) and 37 (April 21st). The 
GS has one compartment, a combined separation and sludge compartment and is untreated. 
The GS is made of glass fibre and has a flow rate of 2 L/s. At activity day 3 there was no 
grease cap present, thus, only grease caps from activity day 16 and 37 were analyzed. At 
day 37 two grease cap samples were taken and analyzed due to inhomogeneous grease cap.   
 
3.2.3 Milstensskolan 
Milstensskolan is an elementary school with the grades 1-9. Milstensskolan restaurant 
serves about 520 lunch portions and snacks every day. Only the snacks are prepared in the 
kitchen. About 120 trays with dishes go through the dishwasher every day. The dishes are 
washed with hot water before placing in the dishwasher. An alkaline detergent (Mistral by 
Diskteknik) is used for dishwashing. The dishwasher is descaled with a device from Brava, 
which automatically removes chalk by using saltwater. The floors are cleansed every day 
with floor cleanser (Exotol) and the flooring drains are cleansed with the same product 
once a week.   
 
Samples were taken at activity day 3 (March 9th), 11 (March 21st) and 32 (April 21st). The 
GS has one compartment, a combined separation and sludge compartment and is untreated. 
It is made out of glass fibre and has a flow rate of 10 L/s.  
 
3.3 Analyses  
3.3.1 Visual Analysis 
The grease caps were visually observed based on pictures taken during sampling operation 
and field information, including notes from the sampling staff assigned by Bioteria 
Technologies. Further, the samples were observed before analysis at Linnaeus University. 
The thickness of the grease caps was measured with a sludge judge with a metric scale 
(Normec Tec AB) at sampling operation.  
 
3.3.2 Fat Content  
The fat content was determined according to Swedish standard, SS 028211. The frozen 
grease caps were thawed on ice over night and homogenized manually by stirring for 10 
minutes. About 5 g of sample (weighted with 4 decimals) was mixed with 5 ml of 
deionized water and 8 ml of 8 M HCl. The mixture was placed in a 70 °C water bath for 90 
minutes and was allowed to attain room temperature. The sample was extracted twice with 
50 ml diethyl ether/petroleum ether (1:1) and once with 25 ml. The combined extracts were 
transferred to an Erlenmeyer flask and dried with about 5 g of MgSO4. The dried sample 
was passed through a filter paper (washed with petroleum ether) into a weighted (with 4 
decimals) round-bottom flask. The solvent was removed by vacuum evaporation (water 
bath at 40 °C). The flask was reweighed (with 4 decimals) and total fat content was 
calculated as the difference in weight.  
 
The fat sample was quantitatively transferred to Eppendorf tubes with cyclohexane and 
stored in a freezer (-18 °C) until further analysis (see 3.3.4 and 3.3.5).  
 
Total fat content in the effluent sample from Milstensskolan (activity day 11) was 
performed by the same procedure except 100 ml of wastewater was used instead of a 5 g 
sample.  
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3.3.3 Dry Solids and Moisture Content  
Each sample of frozen grease cap was thawed and homogenized in the same manner as in 
section 3.3.2 and dry solids/moisture content were determined in duplicate. An aluminium 
dish was dried at 105 °C for 1 hour and weighted (with 4 decimals). About 5 g of sample 
was transferred to a dish and placed at 105 °C for 18 hours. The sample was allowed to 
attain room temperature in a desiccator and was then reweighed (with 4 decimals). It was 
dried for 1 more hour at 105 °C, allowed to attain room temperature in a desiccator and 
reweighed. This was repeated until the difference in weight was less than 0,05 %. Dry 
solids were calculated as % of remaining weight and moisture content as % of weight loss.   
 
3.3.4 Content of Free Fatty Acids 
The content of FFA was decided according to NMKL nr 38 1975. Frozen fat sample from 
the fat content determination (see 3.3.2) was thawed at room temperature and transferred to 
a weighted (with 4 decimals) round-bottom flask. The cyclohexane was removed by 
vacuum evaporation (water bath at 40 °C). The flask was reweighed (with 4 decimals) and 
fat content was calculated as the difference in weight. The fat was quantitatively 
transferred to an Erlenmeyer flask and dissolved in 25 ml ether alcohol (diethyl 
ether/ethanol, 5:4) and about 5 drops of phenolphthalein were added. The solution was 
titrated with 0,100 M NaOH until a pink colour was achieved. The volume of NaOH 
needed for the titration was converted into weight percent of FFA. The molecular weight 
of oleic acid (C18:1) (282.5 g/mol) was used in the conversion. Samples were analyzed in 
duplicate when there was enough extracted fat.  
 
3.3.5 Fatty Acid Profile  
Frozen fat sample from the fat content determination (see 3.3.2) was thawed at room 
temperature and converted into fatty acid methyl esters (FAMEs) according to product 
information sheet for boron trifluoride (BF3) in methanol (product number B1252) from 
Sigma-Aldrich. In short, 50 µl of extracted fat in cyclohexane was mixed with 1 ml 10 % 
BF3 in methanol in a test tube with screw cap and placed in a water bath at 100 °C for 7 
minutes. The mixture was allowed to attain room temperature and 1 ml of cyclohexane and 
2 ml of deionized water was added. The tube was shaken and the phases were allowed to 
separate. The top layer was transferred to an Eppendorf tube and used for gas 
chromatography.  
 
The fatty acid profile was determined by gas chromatography with a flame ionization 
detector (GC5890) with a capillary column (CP-Sil 88 50 m x 0,25 mm x 0,20 µm). The 
carrier gas was helium with a head pressure of 20 psi (gas tube was changed after the first 
half of samples were analyzed) and the split ratio 1:50. Injector and detector temperature 
was 250 °C. The oven temperature was held at 100 °C for 1 minute after injection and then 
increased with 7 °C/minute until 225 °C was reached, which was maintained for 15 
minutes. Injection volume was 0.5 µl. Every sample was analyzed twice.  
 
The fatty acids were identified using four different reference solutions, F.A.M.E mix C14-
22, GLC 10 FAME mix, GLC 30 FAME mix and GLC 50 FAME mix, all from Supelco 
(Sigma-Aldrich). Every reference was analyzed four times. A mean value of the retention 
time (tR) of each fatty acid present in the reference solutions was calculated. Since the tR 
varied slightly between injections, the standard deviation (SD) of the tR for palmitic acid 
(C16:0), which was present in three of four references, were calculated. The allowed range 
in tR for identification of each fatty acid was defined as mean tR +/- 3 SD based on the SD 
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value determined for C16:0. The relative amount of each fatty acid in the samples was 
calculated based on the peak area (response factor was neglected).   



  
 

13 

4 Results 
Temperature and pH values for all analyzed samples, measured by Bioteria Technologies 
at sampling, are presented in Table I.  
 
Table I. Temperature and pH values for all analyzed samples at sampling time.  
Sample pH Temperature (°C) 
Skolhagenskolan sludge compartment  
Day 3  5,3 26 
Day 11 4,5 21,1 
Day 32 4,9 29,6 
8 months 4,3 25,4 
Skolhagenskolan separation compartment 
Day 3 6,2 20 
Day 11 5,7 19,4 
Day 32 5,5 28,0 
8 months 5,7 27,9 
Myrlejonet  
Day 3 11 21 
Day 16 5,2 15,7 
Day 37 5,5 22,7 
Milstensskolan  
Day 3 5,2 20,2 
Day 11 4,8 17,2 
Day 32 4,0 25,3 
Milstensskolan effluent  
Day 11  5,2 18,3 
 
4.1 Visual analysis 
4.1.1 Skolhagenskolan sludge compartment  
Results of the visual analysis of grease caps from Skolhagenskolan sludge compartment 
are presented in Figure 5. In Skolhagenskolan sludge compartment at day 3 a very thin 
layer of grease cap was formed, which was not possible to collect. It was discontinued and 
did not cover the entire surface of the compartment. Visually, it was light brown/grey and 
liquid. At activity day 11 it was light grey, quite liquid and smooth (without any lumps). At 
day 32 the grease cap had the same colour and was still quite liquid but grainier than the 
previous sample. After 8 months the grease cap was mostly brown (irregular colour) and 
grainy. It was possible to observe microbial growth over the grease layer. It was also 
possible to observe an increase in the amount of grease cap during the study period.  
 
The results from the sludge judge test for grease caps from all GSs are presented in Table 
II. The result from the sludge judge test from Skolhagenskolan sludge compartment at day 
32 is illustrated in Figure 6. No sludge judge test was performed for the 8 months samples 
from Skolhagenskolan.  
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Figure 5. Change of the amount and characteristics of grease caps during the study period in the sludge 
compartment from the GS at Skolhagenskolan.  
 

 
Figure 6. Sludge judge test showing the thickness of the grease cap from Skolhagenskolan sludge 
compartment at activity day 32, 15 cm of grease cap was collected at this time point.  
 
4.1.2 Skolhagenskolan separation compartment 
Results from the visual analysis of grease caps from Skolhagenskolan separation 
compartment are presented in Figure 7. At activity day 3 there was no grease cap formed in 
the separation compartment at Skolhagenskolan. At day 11, there was a thin layer of grease 
cap formed but not enough to collect a sample. The small amount of grease cap present 
was light grey and mostly liquid. It did only cover a small area of the compartment. At day 
32 the grease cap was light grey and mostly liquid. It did not cover the entire surface of the 
separation compartment. It was possible to observe a moderate increase in the amount of 
grease cap in the 8 months sample but no major differences in characterisation.  
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Figure 7. Change of the amount and characteristics of grease caps during the study period in the separation 
compartment from the GS at Skolhagenskolan. Top picture shows the middle of the separation compartment 
and bottom picture the end of the separation compartment and the effluent compartment.  
 
4.1.3 Myrlejonet 
Results from the visual analysis of grease caps from Myrlejonet are presented in Figure 8. 
At activity day 3 there was a thin layer of grease cap present in the grease separator at 
Myrlejonet but it was not enough to collect a sample. The small amount of grease cap 
present did not cover the entire surface of the compartment and was orange and liquid. At 
day 16 it was orange, oily and liquid. At day 37 the grease cap was inhomogeneous, thus, 
two samples were taken from different part of the grease cap. One of the samples, named 
day 37: 1, was light brown and had a higher viscosity, was almost completely solid. The 
other sample, day 37: 2, was orange, smooth and oily. It was possible to observe a gradual 
increase in the amount of grease cap during the study period. 
 

 
Figure 8. Change of the amount and characteristics of grease caps during the study period in the 
separation/sludge compartment from the GS at Myrlejonet.  
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4.1.4 Milstensskolan 
Results from the visual analysis of grease caps from Milstensskolan are presented in Figure 
9. The grease cap content from Milstensskolan at activity day 3 was brown, grainy with a 
quite high viscosity. Over time, it was possible to observe a gradual increase in the grease 
cap content. The viscosity and amount of solids in the grease cap increased over time. 
Samples from all days were difficult to homogenize. 
 

 
Figure 9. Change of the amount and characteristics of grease caps during the study period in the 
separation/sludge compartment in the GS at Milstensskolan.  
 
Table II. Results from the sludge judge test, presented as cm of grease cap in collected samples.   
Sample Grease cap thickness  
Skolhagenskolan sludge compartment  
Day 11 2,5 cm 
Day 32 15 cm 
8 months ND 
Skolhagenskolan separation compartment 
Day 32 1 cm 
8 months ND 
Myrlejonet  
Day 16 0,3 cm  
Day 37 1,5 cm 
Milstensskolan  
Day 3 0,4 cm 
Day 11 0,8 cm  
Day 32 1,4 cm  
ND – not determined.  
 
4.2 Fat Content and Dry Solids  
Total fat content, content of free fatty acids (FFAs), dry solids and moisture content are 
presented in Table III. Total fat content is presented as percentual of fat in the grease cap. 
The FFA content was calculated using the molar mass for oleic acid (C18:1) and the results 
are estimated values not considering the real fatty acid composition. They are presented as 
percentual of FFA of the total fat content. The FFA content was analyzed in duplicate, the 
mean values are presented in Table III. The sample from Skolhagenskolan separation 
compartment after 8 months gave results which differed from each other, thus both results 
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are presented and not the mean value. The samples from Skolhagenskolan (sludge and 
separation compartment) from activity day 32 were only enough for one sample, therefore, 
no duplicate was performed at this time point. One of the samples from Myrlejonet at 
activity day 16 had an unreasonable high weight and therefore the result is most likely not 
reliable. Change over time in fat content for all grease caps are presented in Figure 10. Dry 
solids and moisture content are presented as percentual of dry solids and moisture content 
in the grease cap. Change over time in fat content and dry solids is presented in Figure 11.  
 
Table III. Fat content, content of FFA, dry solids and moisture content in all samples. Fat content is 
presented as percentual of fat in the grease cap. FFA content is presented as percentual of FFA of the total fat 
content (as mean values), molar mass for C18:1 was used for calculation of FFA content. Dry solids and 
moisture content are presented as percentual of the grease cap (mean values). At activity day 37 in 
Myrlejonet the grease cap was inhomogeneous and therefore two samples were analyzed, results are 
presented for both samples (Day 37: 1 and Day 37: 2). 

Sample Fat Content 
(%) 

FFA Content 
(%) 

Dry Solids 
(%) 

Moisture content 
(%) 

Skolhagenskolan sludge compartment  
Day 11 16,0 61,8 14,1 85,9 
Day 32 19,7 76,1a 18,1 81,9 
8 months 27,3 71,7 29,3 70,7 
Skolhagenskolan separation compartment 
Day 32 10,8 64,7a 7,0 93,0 
8 months 15,7 55,6/32,6b 8,6 91,4 
Myrlejonet  
Day 16 40,0 19,7/10,5c 43,0 57,0 
Day 37: 1 74,9 79,7 76,4 23,6 
Day 37: 2 48,1 20,6 54,8 45,2 
Milstensskolan  
Day 3 47,0 65,6 58,6 41,4 
Day 11 45,6 69,4 63,8 40,6 
Day 32 57,3 75,7 52,7 47,3 
Milstensskolan effluent  
Day 11  0,02    
a No mean value presented since there was not enough sample to perform duplicate.  
b No mean value presented since the results differ from each other.  
c The sample (10,5 %) had an unreasonable high weight and this value is, therefore, most likely not reliable. 
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Figure 10. Change in fat content during the study period in grease caps from all GSs. Please note that two 
individual values are presented for Myrlejonet at day 37 (37: 1 and 37: 2)  
 
 

Figure 11. Change in fat content and dry solids during the study period. Please note that only one result is 
presented for Myrlejonet at day 37 (37: 1 is not presented).  
 
4.3 Fatty Acid Profile  
The amount of the different fatty acids in all samples is presented Table IV. The results are 
presented as the relative percentual amount of each type of fatty acid present in the fat 
samples. The predominant fatty acids in the samples, palmitic acid (C16:0), stearic acid 
(C18:0), oleic acid (C18:1) and linoleic acid (C18:2), and change in the amount over time 
of these fatty acids are presented in Figure 12-15. At activity day 37 in Myrlejonet the 
grease cap was inhomogeneous and, therefore, two samples were analyzed, the fatty acid 
profile is presented for both samples in Table V and Figure 14 (Day 37: 1 and Day 37: 2). 
Retention time ranges for identification of the fatty acids are presented in appendix A.  
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Table IV. Fatty Acids in all samples, presented as the relative percentual amount of each type of fatty acid in 
the fat samples. SH – Skolhagenskolan, MYR – Myrlejonet, MIL – Milstensskolan, E – Effluent. Two 
individual results are presented for Myrlejonet at day 37 (37: 1 and 37: 2).  

* The fatty acid profile is presented as mean values of the duplicate, therefore, total is above 100 % for some 
samples.   

Sample SH  
Sludge  (%) 

SH  
Separation (%) 

MYR (%) MIL (%) MIL 
E 

(%) 
Fatty Acid Day 

11 
Day 
32 

8 
months 

Day 
32 

8 
months 

Day 
16 

Day 
37: 1 

Day 
37: 2 

Day 
3 

Day 
11 

Day 
32 

Day 
11 

Unidentified 
SCFA 

     1,7  0,6    25,3 

C8:0      0,7 0,1 0,3    0,6 
C10:0  0,4 0,6   1,6 0,3 0,7   0,2 0,7 
Unidentified 
C10 

           0,4 

C12:0  0,9 1,5 0,8  3,0 0,9 1,0 0,3 0,4 0,5 0,5 
Unidentified 
C12 

           2,2 

C14:0 5,4 6,3 6,1 6,5 5,6 6,5 2,8 3,7 2,4 3,4 3,8 3,5 
Unidentified 
C14 

0,7 0,8 0,6 0,7 0,7 0,5 0,7 0,8 0,8 0,4 0,5 0,6 

C16:0 51,1 51,5 35,7 48,5 50,1 22,2 20,6 17,4 20,3 31,3 43,5 40,9 
C16:1  0,4 1,2   1,5   2,8 1,3 0,5 0,3 
Unidentified 
C16 

 2,7 2,0 1,0   3,9 1,9 1,3 1,6 4,2 1,4 

C18:0 34,8 10,4 8,7 28,2 34,5 6,1 8,2 5,7 8,6 10,1 9,9 10,9 
C18:1  5,3 18,8 34,6 9,6 6,2 41,3 47,1 51,4 50,6 41,1 28,0 9,5 
C18:2  3,5 6,0 0,9  10,5 10,0 10,7 8,5 7,1 5,2 0,7 
Unidentified 
C18 

 0,8     0,2 4,0 0,2 0,4 0,5 0,7 

C20:0 1,1 0,5 0,4 1,0 1,2  0,3  0,3 0,4 0,5 0,5 
C18:3  1,9 2,2 1,0  4,6 3,3 4,0 4,0 3,0 1,9 0,7 
C20:1       0,6      
C22:0  0,2 0,2    0,3    0,2 0,2 
C22:1  0,1           
Unidentified 
LCFA 

2,0 0,9 0,3 2,4 2,1  0,8    0,8 0,5 

Total * 100,3 100,
2 

100,1 100,
5 

100,3 100,
3 

100,
0 

102,
1 

100,
0 

100,
5 

100,
3 

100,
0 
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Figure 12. Change in fatty acid profile during the study period in samples from Skolhagenskolan sludge 
compartment. SCFA contains C14 and all shorter fatty acids, LCFA contains C16 (except C16:0) and all 
longer fatty acids (except C18:0, C18:1 and C18:2).   

   
Figure 13. Change in fatty acid profile during the study period in samples from Skolhagenskolan separation 
compartment.  

  
Figure 14. Change in fatty acid profile during the study period in samples from Myrlejonet. Please note that 
two individual results are presentet at day 37 (37: 1 and 37: 2).  

  
Figure 15. Change in fatty acid profile during the study period in samples from Milstensskolan.   

Day 11 Day 32 8 months 

Day 32 8 months 

Day 16 Day 37: 1 Day 37: 2 

Day 3 Day 11 Day 32 
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The amount of saturated and unsaturated fat in the samples is presented in Table V and in 
Figure 16-19.  
 
Table V. Amount of saturated and unsaturated fat in the samples, presented as the percentual in fat samples. 
SH – Skolhagenskolan, MYR – Myrlejonet, MIL – Milstensskolan, E – Effluent. Two individual results are 
presented for Myrlejonet at day 37 (37: 1 and 37: 2). 

 
  

Sample SH  
Sludge  

(%) 

SH 
Separation 

(%) 

MYR  
(%) 

MIL  
(%) 

MIL 
E  

(%) 
Type of fat Day 

11 
Day 
32 

8 
months 

Day 
32 

8 
months 

Day 
16 

Day 
37: 1 

Day 
37: 2 

Day 
3 

Day 
11 

Day 
32 

Day 
11 

Saturated fat 92,3 70,3 53,3 84,9 91,4 40,2 33,4 28,8 31,8 45,6 58,6 57,8 
Unsaturated fat 5,3 24,7 44,0 11,5 6,2 57,9 61,0 66,1 65,9 52,6 35,6 11,2 
Undefined fat 2,7 5,2 2,9 4,1 2,7 2,2 5,6 7,3 2,2 2,4 6,0 31,0 
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Figure 16. Change in saturated and unsaturated fatty acids during the study period in samples from 
Skolhagenskolan sludge compartment. 

 
Figure 17. Change in saturated and unsaturated fatty acids during the study period in samples from 
Skolhagenskolan separation compartment.  

 
Figure 18. Change in saturated and unsaturated fatty acids during the study period in samples from 
Myrlejonet. Please note that two individual results are presented at day 37 (37: 1 and 37: 2). 

 
Figure 19. Change in saturated and unsaturated fatty acids during the study period in samples from 
Milstensskolan.   

Day 11 Day 32 8 months 

Day 32 8 months 

Day 16 Day 37: 1 Day 37: 2 

Day 3 Day 11 Day 32 
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5 Discussion 
The aim of this project was to examine the changes over time in fat content, dry solids, free 
fatty acids (FFAs) and the fatty acid profile in FOG-rich residues from different grease 
separators (GSs). Three different GSs were analyzed and evaluated during this study, one 
of which was treated with the GOR BioSystem™. The GSs included in this study had 
different designs (only the treated GS had a separated sludge compartment), flow rates and 
kitchen routine practices.  
 
It was possible to observe that the pH was relatively stable during the study period, with a 
slightly declining trend in most samples (Table I). That might be due to increasing fat 
content within the GSs and thereby increasing FFA content lowering the pH. At activity 
day 3 within the GS at Myrlejonet, pH was 11, which is high compared to the other GS and 
other time points for the Myrlejonet GS. The alkaline detergent used for dishwashing is a 
probable explanation for the high pH in the GS. The temperature differs between 15,7 and 
29,6 °C (Table I). The lowest temperature was detected at day 11/16 and the highest at day 
32/37 for all samples.  
 
Visually, the amount of grease cap increased during the study period but there was not a 
considerable change in the visual characteristics within the same tank (Figure 5, 7-9). 
Some of the samples got grainer and thicker, which may be due to the increasing amounts 
of FOG material in the GS. Though, it was a big difference in appearance between grease 
caps from the different GSs. Grease cap thickness increased in all the tanks during the 
study period, with about 1 cm for most samples (Table II). There seems to be no difference 
in thickness between treated and untreated GS. However, the grease cap layer in 
Skolhagenskolan sludge compartment is considerably thicker than those in the other 
compartments of this study, 15 cm at day 32 compared with 1-1.5 cm in the other 
compartments. It seems that a lot of floatable material get stuck in the sludge compartment 
at Skolhagenskolan, in contrast to the separation unit that has a thin grease cap layer.   
 
The total fat content in the grease cap increased in all GSs during the study period (Table 
III), which was expected. There is also a correlation between FOG content and dry solids 
in the grease caps (Figure 11), which is reasonable, as FOG constitutes the majority of the 
dry solids in the grease cap. Moisture content varied between 23.6-91.4 % in this study, 
which is a larger range than in a study by Williams et al. (2012) that had a range of 31.0-
71.4 %. Even though it is not possible to directly compare different GS with each other, 
because they are linked to different FSEs and have different configurations, there is 
obviously a lower amount of fat content in the grease caps in Skolhagenskolan (16.0-27.3 
% in sludge compartment and 10.8-15.7 % in separation compartment), compared to 
Myrlejonet (40.0-74.9 %) and Milstensskolan (47.0-57.3 %) (Figure 10 and Table III). It is 
possible that this difference is caused by the biological treatment of the GS at 
Skolhagenskolan. Since the moisture content is also higher in the grease cap from 
Skolhagenskolan separation compartment (Table III), the fat is more suspended with water, 
which might have been caused by the aeration system. Skolhagenskolan is also the only 
school of this three where food is prepared in the school kitchen and, therefore, a higher 
load of organic content was potentially discharged to the GS connected to this kitchen. 
Interestingly, there is also a lower fat content in the grease cap in Skolhagenskolan sludge 
compartment compared to the untreated GSs, even though this compartment is not the 
treated one (it has not an aeration system). However, this compartment presented the 
thickest grease cap layer (at day 32). 
 



  
 

24 

The two samples from Myrlejonet at activity day 37 had a different appearance and fat 
content, it was a higher fat content (74.9 %) and more solids in 37: 1 compared to 37: 2 
(48.1 %). The two samples also differed with respect to FFA content that was lower in 
Myrlejonet day 37: 2 and saturated fatty acids were higher in 37: 1 (Table III). 
 
Total fat content in the GS grease cap from Milstensskolan decreased from day 3 to day 11 
and then increased again to day 32 (Figure 10). The decrease at day 11 is small and it could 
have been caused by difficulties to homogenize the sample, as all samples from 
Milstensskolan were difficult to homogenize. However, fat content in the effluent sample 
from Milstensskolan (0.02 %) was, as expected, considerably lower than in the GS (Table 
III), which indicates the retention of FOG compounds inside of this GS.   
 
The content of FFA seems to be high from the beginning of the study period, 19.7-65.6 % 
(Table III). This could be because the FFA is formed in the FSE, due to high temperature 
and detergents, and not in the GS. However, in the samples from Myrlejonet day 16 and 
37: 2 the FFA content is lower (19.7 and 20.6 %) than in the other samples. These results 
are only an approximation since molar mass for oleic acid (C18:1) is used in the 
calculation and this is not the major fatty acid in all samples. As a comparison, Nitayapat 
& Chitprasert (2014) had a FFA content of 13.1-66.2 % in their study using the same 
method for calculation.  
 
The predominant fatty acids found in the majority of the samples analyzed in this study 
were palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1) and linoleic acid 
(C18:2) (Table IV), which is consistent with previous studies (Ragauskas, Pu & Ragauskas 
2013; Williams et al. 2012; Nitayapat & Chitprasert 2013). Most of the identified fatty 
acids are LCFA having 14-18 carbons, which are the major fatty acids normally found in 
FOG (He et al. 2015; Long et al. 2012). In the grease cap in Skolhagenskolan sludge 
compartment, there is a high amount of palmitic (C16:0) and stearic acid (C18:0) in the 
beginning of the study period (Figure 12). The amount of these fatty acids decreased in the 
end of the study period and the amount of oleic (C18:1) and linoleic acid (C18:2) 
increased. In the grease caps from Skolhagenskolan separation compartment, there was a 
high amount of palmitic (C16:0) and stearic acid (C18:0) and lower amount of oleic 
(C18:1) and linoleic acid (C18:2) (Figure 13). The changes over time in fatty acid profile 
were small in this compartment. However, since the 8 months samples in Skolhagenskolan 
sludge and separation compartments were taken before the other samples they do not 
provide an actual change over time in this specific treatment cycle, only a model for how it 
could look after 8 months.  
 
In grease caps from Myrlejonet, there is a high amount of oleic (C18:1), linoleic (C18:2) 
and linolenic acid (C18:3) (Figure 14). There is not a considerable change in the fatty acid 
profile for Myrlejonet during the study period. There was only a small difference in the 
fatty acid profiles between the two samples, day 37: 1 and day 37: 2. However, the amount 
of saturated fat is slightly higher in the 37: 1, which could explain the higher viscosity in 
this sample compared to 37: 2. In the grease caps from Milstensskolan, there is a high 
amount of oleic acid (C18:1) in the beginning of the study period, which decreased over 
time and the amount of palmitic acid (C16:0) increased (Figure 15). This is consistent with 
the results in the study by Williams et al. (2012). 
 
There are high amounts of saturated fat in grease caps from Skolhagenskolan compared 
with Myrlejonet and Milstensskolan, at the beginning of the study period (Figure 16-19). 
The amount of saturated fat decreased during the study period in the sludge compartment 
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(Figure 16) in contrast to the separation compartment where the amount of saturated fat 
increased slightly (Figure 17). This is consistent with the theory that unsaturated fat is 
degraded easier than saturated fat by aerobic microorganisms (Chipasa & Mędrzycka 
2006), which is present in the separation compartment (but not in the sludge compartment) 
as a part of the treating system in the GS. Moreover, rapeseed oil is used for frying in the 
Skolhagenskolan kitchen but this does not seem to affect the fatty acid profile in the GS, 
since it consist mostly of unsaturated fat (The National Food Agency 2016). In Myrlejonet, 
the fraction of unsaturated fat increased slightly during the study period (Figure 18). In 
Milstensskolan, the fraction of unsaturated fat decreased during the study period (Figure 
19). Since unsaturated fat is more sensitive to lipid oxidation, this may be what caused this 
change. In the effluent sample from Milstensskolan, there is a higher amount of saturated 
fat (57.8 %) than in the grease cap (45.6 %) at the same time point (Table V).   
 
In conclusion, the amount and thickness of grease cap and fat content increased over time 
in all the GSs evaluated in this study and the fat content was lower in the treated GS at all 
time points. The FFA content was high from the beginning of the study period and the 
results are consistent with a previous study. The moisture content was, however, a bit 
higher in this study compared to a previous study. The predominant fatty acids of FOG was 
in this study palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1) and linoleic 
acid (C18:2), which is consistent with previous work. There was a higher amount of 
palmitic acid (C16:0) and saturated fatty acids in the treated separation compartment and a 
higher amount of oleic acid (C18:1) and unsaturated fatty acids in the untreated GSs. 
Overall, the changes in the fatty acid profiles over time did not follow the same pattern in 
the different GSs. Further studies, with a longer time perspective, are needed in order to 
draw a conclusion in this area. Also, it would be interesting to compare the fatty acid 
profile for a treated to an untreated time cycle within the same GS.   
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Appendices 
Appendix A Intervals for Fatty Acids 
An interval for fatty acid in references is presented in this appendix. The top table is the 
intervals before change of gas tube and the bottom table after.  
 
Fatty Acids  Intervals 
C8:0 5,695 - 5,945 
C10:0 7,531 - 7,780 
C12:0 9,775 - 10,024 
C14:0 12,066 - 12,315 
C16:0 14,284 - 14,534 
C16:1 14,995 - 15,245 
C18:0 16,337 - 16,586 
C18:1 trans 16,742 - 16,991 
C18:1 cis 16,905 - 17,155 
C18:2 trans, trans 17,345 - 17,594 
C18:2 cis, cis 17,729 - 17,978 
C20:0 18,210 - 18,459 
C18:3 cis, cis, cis 18,680 - 18,929 
C20:1 18,838 - 19,087 
C22:0 20,042 - 20,292 
C22:1 20,752 - 21,002  
 
Fatty Acids  Intervals 
C8:0 6,049 - 6,299 
C10:0 7,927 - 8,177 
C12:0 10,205 - 10,455 
C14:0 12,512 - 12,762 
C16:0 14,745 - 14,994 
C16:1 15,520 - 15,770 
C18:0 16,802 - 17,051 
C18:1 trans 17,207 - 17,457 
C18:1 cis 17,405 - 17,655 
C18:2 trans, trans 17,820 - 18,070 
C18:2 cis, cis 18,218 - 18,468 
C20:0 18,681 - 18,931 
C18:3 cis, cis, cis 19,190 - 19,440 
C20:1 19,410 - 19,660 
C22:0 20,561 - 20,811 
C22:1 21,400 - 21,650 
 


