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Abstract. Pre-cleaned technical animal fats are
harmful to health, as they are not environmentally
friendly and not suitable for recycling. The best solution
is to use them for industrial purposes, namely the
conversion to biodiesel. The purpose of this study is to
improve the technology for the production of biodiesel
from industrial animal fats under laboratory conditions
and to conduct tests on the obtained samples. The most
important operations of the process of obtaining biodiesel
from animal waste fats are considered. The influence of
the quality of fatty raw materials on the composition of
liquid biodiesel has been evaluated and initial
requirements for raw materials have been developed. It
has been established that the moisture content of the raw
material has a decisive influence on the mechanism of the
transesterification of triglycerides into fatty acid methyl
esters, which, according to their performance, are close to
petroleum diesel fuel. Free fatty acids in raw materials in
combination with water make the process ineffective. As
a result of scientific research, the technology of
production of biodiesel from waste vegetable oils and
animal fats has been substantiated and its hardware has
been proposed. According to the results of laboratory
studies, the possibility of obtaining a quality product that
meets modern operational requirements for biodiesel,
which can be used in engines without significant re-
equipment, is established.

Key words: biodiesel, technical animal fats, raw
materials, esterification, separation, transesterification,
alternative energy resources, production technology,
standard.

Introduction

Technical animal fats have always been an
environment problem in food factories. Converting the
technical animal fats (TAF) into biodiesel will reduce this
problem. This project will not only save environment but
also cost.

Biodiesel is an alternative diesel fuel derived from
vegetable oils or animal fats. The main components of
vegetable oils and animal fats are triglycerides or also
known as ester of fatty acid attached to glycerol. One of
the main driving force for biodiesel widespread is the
greenhouse gas emission (CO; being the major one). The
term TAF refers to vegetable oil has been in food

production and which is no longer viable for its intended
use. TAF arises from many different sources, including
domestic, commercial and industrial. TAF is a potentially
problematic waste stream which requires proper
management. The disposal of TAF can be problematic
when disposed incorrectly [1-4, 7-10].

Any fatty acid sources may be used to produce
biodiesel. Therefore, any animal or plant lipid should be
ready substrate for the production of biodiesel. The use of
edible vegetable oils and animal fats for biodiesel
production has recently been of great concern because
they compete with food material- the food versus fuel
dispute. There are concern that biodiesel feedstock may
compete with food supply in the long term. From an
economic point of view; the production of biodiesel is
very feedstock sensitive. The cost of feedstock accounted
for 88 % of total estimated production cost. In all cases,
more than 80% of the production cost is associated with
the feedstock, such as recycled cooking oils. Reusing of
these waste greases not only reduce the burden of the
government in disposing the waste, maintaining public
sewers, and treating the oily wastewater, but also lower
the production cost of biodiesel significantly [1, 5-10].

Analysis of recent research results

This project is aimed to develop a simple small plant
to process the technical animal fats to biodiesel and use it
in the factory [1, 2, 7, 10].

Feedstock technical animal fats. Biodiesel can be
produced from any material that contains fatty acids, be
they linked to other molecules or present as free fatty
acids. Thus various vegetable fats and oils, animal fats,
waste greases, and edible fats processing wastes can be
used as feed stocks for biodiesel production. The choice
of feedstock is based on such variables as local
availability, cost, government support and performance as
a fuel. The primary feedstock is a vegetable oil or animal
fat, biodiesel is generally considered to be renewable.
Since the carbon in the oil or fat originated mostly from
carbon dioxide in the air, biodiesel is considered to
contribute much less to global warming than fossil fuels.
Diesel engines operated on biodiesel have lower
emissions of carbon monoxide, unburned hydrocarbons,
particulate matter, and air toxics than when operated on
petroleum-based diesel fuel [3, 7-10].
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Biodiesel from technical animal fats (TAF) can
reduce the cost of biodiesel production since the feedstock
costs constitutes approximately 70-95% of the overall
cost of biodiesel production [6]. Although biodiesel
cannot entirely replace petroleum-based diesel fuel, there
are at least five reasons that justify its development.

= It provides a market for excess production of
vegetable oils and animal fats.

= It decreases, although will not eliminate, the
country’s dependence on imported petroleum.

» Biodiesel is renewable and does not contribute to
global warming due to its closed carbon cycle. A life
cycle analysis of biodiesel showed that overall CO;
emissions were reduced by 78 % compared with
petroleum-based diesel fuel [7, 10].

= The exhaust emissions of carbon monoxide,
unburned hydrocarbons, and particulate emissions from
biodiesel are lower than with regular diesel fuel.
Unfortunately, most emissions tests have shown a slight
increase in oxides of nitrogen (NOy). When added to
regular diesel fuel in an amount equal to 1-2 %, it can
convert fuel with poor lubricating properties, such as
modern ultra-low-sulfur diesel fuel, into an acceptable
fuel [7, 10].

Results of research

Fig. 1 describes the steps, processes and methods
used to produce biodiesel product. This process started
from free fatty acid to determine acid value and step of
process. Second process is drying to remove water in
FAME and last process is properties physical to determine
contents of FAME.

Waste Cooking
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Fig. 1. Flow Chart to Produce Biodiesel from TAF
[7,10]

Feedstock Technical animal fats. Based on Fig. 1 it
is recognized that the production of technical animal fats
will be the function of the frying temperature and length
of use as well as the material used for frying. In this
experiment, TAF were collected from a local Factory,
which produced chip cracker as well as continental foods.
The used fat sample was taken from the fryer which is
used for frying potatoes and other vegetables based food
items. Twenty-five litters of fats samples were collected
from a collecting drum in which the TAF was collect once
in every days for approximately 1 weeks. The fats sample
is assumed to be representative as it is collected from the
fats stored for 8-10 weeks from several batches of waste
fat. The temperature observed during frying was in the
range of 110 °C to 155 °C. This temperature is
comparable with the temperature (120 °C...170 °C) for
preparing French fries [7-10]. However, it was found
difficult to read the temperature in boiling fats which
gives approximately 5-10 % error. Depending on the
quantity of food used for frying, the fats was discarded
sometimes at the end of each day and sometimes once in
two or three days.

Free Fatty Acids. Flow chart in Fig. 1 shows the
relation between FFA and process. Which FFA less than 2
%, the process can directly to transesterification process
and while FFA more than 2 % it need to start from
esterification process to reduce FFA. The acid value of
the technical animal fats was determined in order to
estimate the free fatty acid content and give an idea of
how much acid catalyst and methanol would be needed to
push the acid esterification chemical towards methyl ester
production. In earlier published research it was
recommended that 0.5 - 1.5 % (based on the weight of
free fatty acid in the fat) of pure (95-98 %) sulphuric acid
should be used as a catalyst.

Acid value titration method was used according to
BP monograph [9-10].

Processing in Biodiesel. Biodiesel has two main
stage process is esterification and transesterification
process. Separation was used to separate two layer
between catalyze and fat. Washing process to produce the
neutral biodiesel and remove catalyzes glycerol, soap and
methanol.

1) Esterification. Based on flow chart in Fig. 1
esterification is one of process in biodiesel. It work to
reduce FFA if FFA more than 2%. An acid-catalyzed
esterification  process before the base-catalyzed
transesterification process will eliminate most of the free
fatty acids from the fat. Sulphuric acid (95 — 98%) is used
by 1% in esterification process depend from waste
cooking. In these experiments the sulphuric acid was first
mixed with methanol before adding to the waste cooking
fat. After adding the methanol / sulphuric acid and
technical animal fats the agitator speed were used to mix
the solvents until they became murky. This was then
heated to about 60 °C for 2 hours. A higher temperature or
a faster stirring rate may push the acidic esterification
equation to convert free fatty acid to methyl ester.

2) Separation 1. Separation needed 3hour to get the
top methanol and bottom fats layers of the biodiesel. Two
layers could clearly be seen in the successful basic
esterification biodiesel. The top layer was mainly
methanol. The bottom layer was mainly triglyceride
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product esterification after remove the water. These
processes to reduce free fatty acid until below 2 %. The
density of the methanol is less than the bottom
triglyceride.

3) Transesterification. Transesterification process
work as to reduce viscosity in biodiesel. This process can
be directly if FFA less than 2% show in fig. 1. Sodium
hydroxide was used as catalyst in this process. The
amount of catalyst had an impact in the conversion of
esters during the transesterification process. The reaction
was carried out using 1% of catalyst concentration.
Before transesterification process Sodium hydroxide was
first mixed with methanol together in one container before
adding to the waste cooking fat. After adding the
methanol / sodium hydroxide and technical animal fats
the agitator speed were used to mix the solvents until they
became murky. This was then heated to about 60 °C for 2
hours.

4) Separation 2. Transesterification process and any
methanol evaporation the resultant biodiesels were left to
lie for at least 8 hours. Separations were used to separate
the top (methyl ester) and bottom (glycerol) layers of the
biodiesel samples. Two layers could clearly be seen in the
successful basic transesterification biodiesel samples. The
top layer was mainly composed of free fatty acid methyl
esters. The bottom deposit was mostly made up of
glycerol, salts, soap, other impurities and excess methanol
as it is a very polar compound i.e. it partitions more with
polar glycerol as opposed to the non-polar methyl esters.

5) Washing. The top methyl ester layer was
separated and removed from every production sample.
The water washing process was then used on some of the
biodiesel batches. Once separated from the glycerin the
biodiesel is sometimes purified by washing gently with
warm water to remove residual catalyst or soaps, dried,
and sent to storage. In some processes this step is
unnecessary. This is normally the end of the production
process resulting in a clear amber-yellow liquid with a
viscosity similar to petro diesel. In some systems the
biodiesel is distilled in an additional step to remove small
amounts of color bodies to produce a colorless biodiesel.

Esterification process:

Fig. 2 shows the separation between methanol and
triglycerin:

Fig. 2. Esterification process result [7].

= At the top will be presence methanol and at the
bottom show triglycerin.

= Involves the reaction of alcohol (such as methanol)
with fatty acids as catalyzed to reduce the levels of FFA
in the low-cost feedstock’s to an acceptable range.

= Reaction between acids and alcohols
presence of strong acid catalyst.

= Produce ester and water free fatty acid of material
must be less than 2%.

It needs to use methanol and Sodium Hydroxide as
catalyst:

= Fig. 3 show two layer separation between glycerol
and FAME.

in the
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Fig. 3. Transesterification process result.

= Reduce the high viscosity of triglyceride ( TG ).

= Methanol and catalyst produce methyl ester and
glycerol involves the reaction of alcohol (methanol) with
fat.

Fig. 4 shows separation between water and FAME.

Washing & Distillation Process

Fig. 4. Washing & distillation process result.

* To remove small amounts of colour bodies to
produce a colourless biodiesel it need washing many time

Biodiesel

= To obtain pure methyl esters (Biodiesel/ FAME)

= To remove soap, catalyst, methanol and other
pollutants of biodiesel, using water

= If the washing is not complete, it will be repeated
by esterification and transesterification or washing.
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= At the top will be presence FAME and the at
bottom is glycerol.
* Reduce the high viscosity of triglyceride ( TG ).
= Methanol and catalyst produce methyl ester and
glycerol involves the reaction of alcohol (methanol) with
fat.
Fig. 4 shows separation between water and FAME.
= To remove small amounts of colour bodies to
produce a colourless biodiesel it need washing many time
Biodiesel
= To obtain pure methyl esters (Biodiesel/ FAME)
= To remove soap, catalyst, methanol and other
pollutants of biodiesel, using water
= If the washing is not complete, it will be repeated
by esterification and transesterification or washing.
* Biodiesel can show in fig. 5 which left is raw
material and right is biodiesel.
* The percentage of biodiesel around 68-70% can
be produce.
= Increase in the molar ratio the conversion of TAF
to FAME decrease.

Biodiesel
Fig. 5. TAF to biodiesel [7].
= At the same time, the waste can be converted to
useable energy, pollution due to technical animal fats can
be avoided, and energy can be continuously saved and
renewed.

Drying. After washing water still have inside
biodiesel. Then the water must be removed from the
biodiesel using drying at 120 °C for 24 hour.

Properties are one of method to determine the
standard of biodiesel. Biodiesel can check using density,
viscosity, flash point, acid value and water content.

Equipment for testing kinematic viscosity and
Standard method for kinematic viscosity is Kinematic
viscosity DSTU 6081:2009 and EN 14214:2003 [5-6], 40
°C, requirement: 1.9 — 6.0 mm?/s. Kinematic viscosity:
“the resistance to flow of a fluid under gravity”. The
kinematic  viscosity is equal to the dynamic
viscosity/density the kinematic viscosity is a basic design
specification for the fuel injectors used in diesel engines.
Too high a viscosity and the injectors do not perform
properly. Dynamic viscosity — (ratio between applied
shear stress and rate of shear of a liquid). Density — “the
mass per unit volume of a substance at a given
temperature.” The viscosity of biodiesel can be predicted
+ 15 % using the esters composition determined using
DSTU 6081:2009. The viscosity apparatus to run D 445 is
not critical to the QC laboratory, but it is valuable as a
quick assay method for estimating the degree of
completion for a reaction batch [5-6].

Equipment for testing combustion in biodiesel using
method ASTM D93- Flash point, closed cup, requirement
130 °C min. The flash point is defined as the “lowest
temperature corrected to a barometric pressure of
101.3kPa (760 mm Hg), at which application of an
ignition source causes the vapors of a specimen to ignite
under specified conditions of test.”

Testing for acid value using method DSTU
6081:2009 — Acid number, requirement 0.80 mg KOH/g.
The acid number is “The quantity of base, expressed as
milligrams of potassium hydroxide per gram of sample,
required to titrate a sample to a specified end point.” The
acid number is a direct measure of free fatty acids in
B100. The free fatty acids can lead to corrosion and may
be a symptom of water in the fuel. Usually, for a base
catalyzed process, the acid value after production will be
low since the base catalyst will strip the available free
fatty acids. However, the acid value may increase with
time as the fuel degrades due to contact with air or water.
This test should be performed regularly as a part of the
producer QC program [5-6].

This testing is very important in biodiesel. Before
biodiesel are use in the engine water content must be
follow the standard to avoid damage. The standard DSTU
method D2709 is max 0.005 % [5-6].

Conclusions

1. The biodiesel was prepared from technical animal
fats sample collected from a local factory in Ukraine. The
biodiesel was characterized for its physical and fuel
properties using DSTU and EN standard methods for
biodiesel fuel quality assurance.

2. The composition of final biodiesel was determined
by physical properties such as density, viscosity, flash
point, water content and acid value. From the tests, the
flash point was found to be 97 °C, water and sediment
was 0.02 %, total acid number was 0.29 mg KOH/g,
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viscosity at 40 °C was 4.2 mm?/sec and density 0.82 g/cm.
Out of 5 properties tested, all of them met the DSTU
criteria for fuel standard.

3. Production of biodiesel from waste cooking fats
for diesel substitute is particularly important because the
increasing cost of fats extracted from petroleum source
and also it is good for environment. Technical animal fats
can be an important source for biodiesel production in
Ukraine it is ready available and environment.
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JOCJIKEHHA ITPOLUECY BUPOBHULITBA
JU3EJIbHOI'O BIOITAJIMBA 3 TEXHIYHUX XXWPIB
M. M. Mywmpyx

Amnorauis. [TorepeHb0O OUHMIIEH] TEXHIYHI TBAPUHHI
XKUPHM IIKIAIMBI JUIS 370pOB'A, TaKk SK BOHH HE €
€KOJIOTIYHO YHUCTHMH, 1 HE NPUAATHI AN yTHITi3aii.
HaiikpamuM  pimeHHsSM € 1X BUKOPHUCTAaHHS  JUIst
TIPOMHUCIIOBUX IIiJICH, a caMe NMEepeTBOPEHHS B JHU3EIbHE
0i0MaInBO. Mertoro JIAHOTO OCIIKEHHS €
YIIOCKOHQJICHHS TEXHOJOTii BHPOOHHITBA JHM3EIHEHOTO
OlomanuBa 3  TEXHIYHMX  TBapUHHUX  JKHUPIB B
7a00paTOPHUX YMOBaxX Ta NPOBEACHHSIM BHUIIPOOYBaHb
OTpUMaHUX 3pa3kiB. PO3MSIHYTO HAMOIIBII BaXKITUBI
omepaiii  TEXHOJIOTIYHOTO mpouecy OTpUMAaHH:
Oiomm3eNio 3 BIAXOMAIB TBapWUHHUX JkupiB. OuiHeHWit
BIUIUB SKOCTI JKMPOBOI CHPOBHMHM Ha CKJIaJ PiJKOTO
OilomanuBa Ta po3poOIICH] BUXiJHI BHMOTH JJO CHPOBHHH.
BcranoBneHo, 1m0 BOJIOTICTH ~ CHPOBHHH  Mae
BU3HAYaJIbHUH BIUIMB Ha MEXaHi3M nepeectepudikarii
TPUTITILEPUAIB Y METHIIOBI edipn KUPHUX KUCIOT, SKi 32
eKCITyaTallliHUMK  XapakTepUCTHKaMH ONU3bKI 10
Ha(TOBOTO JU3EIHFHOTO NANNBA. BijbHI KUPHI KUCIOTH Y
CUPOBUHI B MOEIHAHHI 3 BOJOI0 POOIATH TEXHOJOTIYHUIMA
npouiec He e(peKTUBHHM. Y pe3ynbTari HayKOBHX
JOCITi/PKeHb OOTPYHTOBAHO TEXHOJIOTII0 BHPOOHHUIITBA
JIU3eNbHOTO OlomanmBa 3 BiAXOMIB POCIMHHHMX ONIH i
TBapUHHUX J>KUPIB Ta 3alpONOHOBAHO ii amapaTypHE

3a0e31eYeHHs. 3a  pesyiapraTamMH  J1a0OPaTOPHUX
JOCIIJ)KEHb ~ BCTAHOBJICHO MOMJIMBICTh  OICPIKYBaTH
SIKICHHAI MPOIYKT, 111 (0) BIAIIOBIIa€ Cy4acHUM

CKCHJ’IyaTaHiﬁHHM BUMOIraM A0 JAWU3€JIbHOI'O 6i0HaJ’II/IBa,
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SIKC MOJKHA BHKOPHCTOBYBAaTH y IBHUTYHax 03 CYTTEBOTO
iX mepeobaHaHHS.

KnruoBi cjoBa: qu3enbHe OlomanauBO, TEXHIYHI
TBapWHHI JKHPH, CHPOBHHA, eTepuQikarlis, cemaparisi,
nepeeTepudikallisi,  albTEpPHATHBHI  E€HEPrOPECypCH,
TEXHOJIOTisl BUPOOHUIITBA, CTAHAAPT.

HNCCJIEJJOBAHUE ITPOIIECCA ITPONU3BO/ICTBA
JU3EJIBHOI'O BUOTOITNIMBA N3 TEXHUYECKUX
KNPOB
M. M. Mywmpyx

AHHOTaANMA. IIpenBapurenbHO OUYHIIIEHHBIE
TEXHUYECKHE JXMBOTHBIE JKUPBI BPEIHBI U 310pPOBbS,
TaK KaK OHU HE SBIAIOTCS HKOJIOTHYECKU YHCTBIMU U HE
OPUTOAHBI  JUId  yTWim3anuu. JlydmmMm  pemeHneM
SIBIIIETCA MX MCIIOJIb30BAHKE UL MPOMBIIIIEHHBIX LENEH,
a MMEHHO NpeoOpa3oBaHMS B JHU3EIBHOE OHOTOILIMBO.
Lensto JTAHHOTO HCCIICI0BaHUS SBIISETCSA
COBEpIIICHCTBOBAHHE TEXHOJIOTUHI MIPOU3BOJICTBA
JIU3€JIbHOTO OHOTOINIMBA C TEXHHYECKHX HKMBOTHBIX
XKHUPOB B JAOOPAaTOPHBIX YCJIOBHSAX M IPOBEICHHE
UCTBITAaHUH  TOJYyYeHHBIX  00pa3uoB. PaccMoTpeHs
Hambomee  BaXKHBIE  ONEpPAlMM  TEXHOJOTHYECKOTO
mporecca MoTydeHHsT OMOAN3eNs U3 OTXOMOB JKHBOTHBIX
*KHUpoB. OLIEHEHO BIMSHUE Ka4eCTBA KUPOBOTO CHIPbS Ha
COCTaB KUJIKOTO OMOTOIUIMBA M pa3paboTaHbl UCXOIHBIC
TpeOOBaHMSA K CBHIPBIO. YCTaHOBIECHO, YTO BIAKHOCTB
CBIpbSl MMEET OIpElEIHIoNlee BIMAHUE HA MEXAaHHU3M
nepesTepudrKaiy TPUTITULIEPHIOB B METHUIIOBBIE 3(UPHI
KHUPHBIX KHCJIOT, KOTOpble II0 3KCIUTyaTallHOHHBIM
XapaKTepUCTUKaM ONHM3KK K HE(PTSIHOMY JHM3EIBHOTO
toruBa. CBOOOJHBIE JKMPHBIE KHCIOTBI B CBIPbE B
COYETaHUU C BOJOH JAENarT TEXHOJIOTMYECKUN IPOLECC
He 3¢ dexTUBHBIM. B pe3ynbrare HayuyHbIX UCCIICI0BAHHUI
000CHOBaHa TEXHOJIOTHSI TIPOM3BOJCTBA JM3EIBEHOTO
OuoToIUIMBA W3 OTXOJOB PACTUTENBHBIX Macel |
JKMBOTHBIX KMPOB M MpPEJIOKEHO €€ ammapaTypHoe

obecrieuenre.  Ilo  pesyabrataM  JTaGOpaTOPHBIX
HCCIIEIOBAHNIN YCTAHOBJIEHA BO3MOXHOCTH TOJYYECHHS
KaueCTBEHHOTO MPOJYKTA, KOTOPBIi OTBEYaeT
COBPEMEHHBIM OKCILTyaTaluOHHBIM Tpe6OBaHI/I$IM K
JAN3CIJIIbHBIM 6I/IOTOHHI/IBaM, KOTOpO€ MOKHO
HUCIIOJIB30BAaTh B JABUIaTCIIsIX 663 CYIIECTBEHHOI'0 HX
epeo0opy10BaHuE.

KuarwueBbie cjioBa: JAU3CIIBHOC 6I/IOTOHJ'II/IBO,
TEXHUYCCKHUEC JKHMBOTHBIC JKHPbI, CbIPbE, STGPPIq)I/IKaLlI/IiI,
cerapanusi, HepeBTepI/I(bI/IKaL[I/IH, AJIbTCPHATHUBHBIC
OHEPropeCypcChbl, TEXHOJOTUA IMTPOU3BOACTBA, CTAHAAPT.
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