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POSSIBILITIES OF CO-INCINERATION OF GLYCERIN PHASE
WITH FUEL OIL IN BURNER INJECTOR

MO ZLIWO SCI WSPOLSPALANIA FAZY GLICERYNOWEJ
Z OLEJEM OPALOWYM W PALNIKU IN ZEKTOROWYM

Abstract: Existing regulations (the need to achieve Natidndicative Targets in the next years) force insesh
consumption and production of biofuels and biocongmts. In Poland, the production of esters is @aeily

important. Last year in Poland, the production sfees reached 650 000 Mg. It can be estimated tteat
production of esters triggered, at the same tife, groduction of more than 100 000 Mg of glycerbhge.

Existing methods of using glycerol fraction usualgquire to carry out a multi-stage and relativebmplex

process of its purification. The paper presentsréiselts of the process of co-incineration of giyt@hase with
fuel oil. Theburner injector was used in the reseasttich allowed to preheat the combusted fuel mixtés part
of the study, the compounds which were burnt inetlithe mass fraction of glycerol phase not exceeddvo.

The study was carried out in a research laboratthoying for temperature measurements along thedléength.

The paper presents the results obtained duringcdhiacineration of the compounds in comparison wite

analogous data obtained during the incineratidueifoil.
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Introduction

The growing global need for energy and the incremenvironmental awareness of the
societies in developed countries fosters the userdwable energy. Due to the climatic
and geological conditions in Poland, solar and lygmbal energy will not constitute
a significant percentage of overall energy outplihere possibilities of harnessing
hydrological sources are also scarce. Wind eneagybe feasibly generated only in some
areas of Poland, and this type of energy is regendlt with increasing resistance. For these
reasons, biomass is an important source of renewai#rgy in Poland that can be tapped
in the short term. One of the easiest ways to takeantage of biomass in Poland is its
firing or cofiring. The applicable EU regulationspsilate that liquid fuels shall contain an
addition of biocomponents. For example: the Pol&tional Index Target for this year
stipulates that among the total amount of fuelsothiced to the market there shall be at
least 7.1% biocomponents and biofuels (in termsadérific value). In recent years, the
implementation of the applicable regulations reslilin a substantial increase in the
production of bioethanol and esters in Poland.dlaRd, 5 percent of bioethanol is added to
gasoline, and 7 percent esters is added to digsklThere are also fuels on the market with
a higher content of biocomponents, e.g.: B20, BBQPO fuels with ester content
of 20, 80 and 100% respectively, and E85 fuel BH&ipercent of bioethanol.

Approximately 170 000 Mg of bioethanol and near07000 Mg of esters were
manufactured in 2013 in Poland [1]. Glycerine phigsa by-product in the production of
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the latter. Glycerine phase generation amountsdozan to twenty percent of the mass of
the manufactured esters. As the amount of manutattiesters grows, the issue of handling
the increasing amounts of glycerine phase beconmge and more urgent. It is estimated
that in 2014 the manufacture of esters resultedthin generation of approximately
80-130 Gg (80 000-130 000 Mg) of glycerine phasés worth noting that much greater
production volumes of methyl esters were forecastgral years ago. It was anticipated
that the production capacity of esters in Polandldiweach the level of 1.5 million Mg,
which would result in the generation of 200 000-3@W® Mg of glycerine phase. These
plans were not realised in full due to, among athéne discussion on the role of 1st
generation biofuels and fuels in a sustainable @wyn[2-5]. The uncertainties brought
forward by this discussion discouraged new investmein the manufacture of
biocomponents from agricultural raw materials. Tg@ssible outcome of this ongoing
discussion involves the growing role of waste materin the manufacture of
biocomponents and biofuels. The reason for thikdas fuels made from waste materials are
classified as 2nd generation fuels.

The glycerine phase which is a by-product of theufacture of methyl esters (or, less
often: ethyl esters) of fatty acids is a mixturevafious substances: glycerine (up to 70%),
methanol (ethanol), free fatty acids, water, soaps$ a number of other compounds and
solid contaminants. The composition of glycerin@gghdepends on the raw materials used
in the manufacture of esters, and the applied @olyy of production. A variety of raw
materials can be used to manufacture esters,vegetable oils and animal fats, as well as
waste fats of vegetable and animal origin (e.gddggng oils).

There are several possibilities of managing theagiye phase [6, 7]. Their significant
part is based on obtaining pure glycerine firstdB,Pure glycerine is used in cosmetics,
pharmaceutical, food and chemical industries. Afieparating methanol, the glycerine
phase can be used as a fertilizer component orfesdaadditive. The glycerine phase can
be also a raw material for process gas producteg. (in gassing and hydrogenation
processes). One of the simpler methods of the gheephase management is its
co-combustion performed in professional power itguicilities [10, 11].

Thus, there are many applications for the glycephase or for the glycerine obtained
on its basis. In the case of large manufacturerdio€omponents, utilisation of the
glycerine phase is easier. The glycerine phasdrmutdy individual producers of esters in
subsequent production cycles is most frequentlyrasitarised by stable properties, and
thus, its processing can be carried out in accaelarith the same selected technology.

In the case of small producers, the situationfieint. They produce esters in various
technologies. This production is accompanied batradly small amounts of the glycerine
phase produced. Therefore, it is necessary toditethnology that will make it possible to
utilise the glycerine phase produced at small pteduiin an economically effective and
environmentally safe manner. Co-combustion of tlyeagine phase with fuel oil could be
one of such technologies.

Oil-fuelled boilers are commonly used devices. Qatithg the process of
co-combustion there would allow for using the cheahenergy of the glycerine phase.

Further in the paper, selected results of testend#d to determine technical
possibilities of the implementation of such a ceorbaistion process are presented.
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Testing methodology

Testing was conducted on a test stand composedyfralrical combustion chamber
and a universal burner. The combustion chamber aasacterised by internal height of
1.7 m and internal diameter of 0.9 m. The combustivamber was isolated. A number of
instrument nozzles are installed in the combustiblamber structure, which enable
performing temperature measurements and taking leanfigr analysis. Figure 1 presents
the test stand used.

Fig. 1. Test stand

The universal burner used in testing was a low-pawiector burner by Kroll, type
KG 20 (Fig. 2). The burner was equipped with a butank with adjustable temperature.

In the injector burner, the fuel is sucked in bg tompressed air jet (which is also the
primary air) from the burner tank. Then, the fueebprayed through a special nozzle. MGA
5 VarioPlus analyser with IR sensors was used tasore the concentration of flue gas
components.
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Fig. 2. Burner injector Kroll KG 20. Basic elemenfsthe burner: 1 - adjustable thermostat knobb@rner tank,
3 - primary air supply system, 4 - fan engine

As part of the presented testing, a mixture oftlifyel oil and glycerine phase was
combusted. Mass fraction of the glycerine phaséhécombusted mixture amounted to
20%. Table 1 presents the glycerine phase compnositnd in Figure 2 it is presented in
photographs.

Table 1
Selected fuel parameters of glycerine phase

Iltem Unit Glycerine phase
Cc 43.23
H 6.88
N 0.03
o 47.70
Ash 0.14
Water 0.38
Calorific value [MJ/kg] 17.3

The quantities of primary and secondary air suppl@the process were changeable
factors in the conducted testing. The primary air was adjusted by changing the air
pressure. The adjustment was done with the usespfeaial control knob placed on the
burner head. In the presented testing, the primany pressure amounted to:
0.08, 0.1, 0.12 and 0.14 MPa. The secondary awvget adjusted by adjusting the size of
the slot supplying the air to the secondary air. fime secondary air jet was adjusted by
setting 4 sizes of the slot. These sizes are raftem conventionally referred to as:
1, 2, 3 and 4. Where one is the minimum adjustaalee of the slot and 4 is its maximum
value.

Test results obtained during the mixture combustiene compared to the test results
obtained during the combustion of fuel oil.
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Test results

Figures 3 and 4 present exemplary results of tmstthe impact of the quantity of
preliminary and secondary air supplied on the vauaf CO concentrations obtained.
CO concentration values were converted into conipargalues at 3% £Ocontent in flue
gas. Figure 3 presents results obtained duringcéimbustion of fuel oil and Figure 4 -
during the combustion of the 20% mixture.

Concentrations CO [mg/nf,]

= - -10 000 | 10 000 -20 000 | 20 000 -30000
W 30 000 -40 000 MW 40 000 -50000 @ 50 000 -60000

Fig. 3. Impact of primary and secondary air settimn CO concentrations during fuel oil combusti@O(
concentrations are converted into 3%c@ntent; m, - normal cubic meters)
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Fig. 4. Impact of primary and secondary air settiog CO concentrations during the combustion ofpbdume
with 20% of glycerine content (CO concentratiors @snverted into 3% f&ontent)
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As Figure 3 demonstrates, the lowest CO conceatratalues during oil combustion
are obtained when the smallest amounts of primadysecondary air are supplied (i.e. for
the setting of 0.08 MPa of primary air and “1” etendary air).

According to the data presented in Figure 4, theeki CO concentration values are
obtained in the case of two groups of burner sgitin
- primary air setting of 0.08 MPa and secondary &i2bor “3";

- primary air setting of 0.08 MPa and secondary afdt

Conclusions

Conducted testing proved the possibility of perfimgnthe co-combustion process of
the glycerine phase with fuel oil in the injectarrber. Conducted testing also demonstrated
that under ambient temperature of@Qthe glycerine phase can be smoothly mixed with
fuel oil. Pre-heating of the mixture prior to itefling to the burner is also unnecessary.

During conducted testing, no impact of the glycerphase content in the combusted
fuel on the volume of observed N€oncentrations was reported. For,S0ncentrations,

a concentration increase was observed resulting fi@ increased sulphur content in the
glycerine phase.

For CO, the adjustment ranges of the primary armbrsgary air jet volumes were
determined, which allow for obtaining the lowesnhcentration values of this gas during
the combustion process.

References

[1] URE. The market of biocomponents and liquidguéattp://www.ure.gov.pl/pl/rynki-energii/paliwaekle.

[2] Girotto F, Alibardi L, Cossu R. Food waste geatn and industrial uses: A review. Waste Manage.
2015;45:32-41. DOI: 10.1016/j.wasman.2015.06.008.

[3] van Eijck J, Batidzirai B, Faaij A. Current afisture economic performance of first and seconueggion
biofuels in developing countries. Appl Energy. 2(1B%5:115-141. DOI: 10.1016/j.apenergy.2014.08.015.

[4] Forte A, Zucaro A, Fagnano M, Fierro A. Potahtenvironmental impact of bioethanol productioraioh
from fiber sorghum to be used in passenger cars. Tétal Environ. 2017;598:365-376. DOI:
10.1016/j.scitotenv.2017.03.244.

[5] Millinger M, Ponitka J, Arendt O, Thran D. Coetitiveness of advanced and conventional bioflRésults
from least-cost modelling of biofuel competition ®ermany. Energy Policy. 2017;107:394-402. DOI:
10.1016/j.enpol.2017.05.013.

[6] Kacprzak A, Krzystek L, Ledakowicz S. Co-digest of agricultural and industrial wastes. Chem .Pap
2010;64:127-131. DOI: 10.2478/s11696-009-0108-5.

[7] Goncalves LU, Cerozi BDS, Silva TSC, Zanon RByrino JEP. Crude glycerin as dietary energy sofoce
Nile tilapia. Aquaculture. 2015;437:230-234. DO0.1016/j.aquaculture.2014.12.004.

[8] Singhabhandhu A, Tezuka, T. A perspective aoiporation of glycerin purification process in tiesel
plants using waste cooking oil as feedstock. Energy010;35:2493-2504. DOI:
10.1016/j.energy.2010.02.047.

[9] Contreras-Andrade |, Avella-Moreno E, Sierrar@a JF, Guerrero-Fajardo CA, Sodré JR. Purificatd
glycerol from biodiesel production by sequentialreation monitored byH NMR. Fuel Process Technol.
2015;132:99-104. DOI: 10.1016/j.fuproc.2014.12.016.

[10] Skpien A, Roshski M, Furtak L, Wolszczak M. Jaké& procesu spalania gliceryny odpadowej
i powstawanie szkodliwych emisji. [Influence of thaality of combustion process of waste glycerid an
formation of harmful emissions]. Rynek Energii. 2(101:117-120. http://rynek-energii.pl/
artykuly-RE?page=5&order=title&sort=asc.

[11] Mize HE, Lucio AJ, Fhaner CJ, Pratama FS, RabhA, Karpovich DS. Emulsions of crude glyceriorh
biodiesel processing with fuel oil for industriabdting. J Agr Food Chem. 2013;61:1319-1327. DOI:
10.1021/jf304883t.



Possibilities of co-incineration of glycerin phasi¢h fuel oil in burner injector 17

MO ZLIWO SCI WSPOLSPALANIA FAZY GLICERYNOWEJ
Z OLEJEM OPALOWYM W PALNIKU IN ZEKTOROWYM

Katedra Technologii i Uegdzern Zagospodarowania Odpadoéw, Politechriikgka, Gliwice

Abstrakt: Obowkzujace regulacje prawne (koniecZdoosigniccia w kolejnych latach Narodowych Celéw
Wskaznikowych) wymuszaj zwickszone zuycie oraz produkej biopaliw i biokomponentéw. W Polsce
szczegOlnie istotna jest produkcja estrow, ktoryclubiegtym roku wytworzono ponad 700 000 Mg. Ma
szacowd, ze przy produkcji estrow powstato réwnogézie ponad 100 000 Mg fazy glicerynowej. Istaag
metody wykorzystania frakcji glicerynowej wymagajajczsciej przeprowadzenia wieloetapowego, stosunkowo
skomplikowanego procesu jej oczyszczania. W pragggstawiono wyniki badaprocesu wspétspalania fazy
glicerynowej w mieszance z olejem opatowym. W baafem wykorzystano palnik iektorowy pozwalajcy na
wstepne podgrzanie spalanej mieszanki paliwowej. W dnpezentowanych badlapalano mieszanki o udziale
masowym frakcji glicerynowej nieprzekraczaym 40%. W badaniach wykorzystano stanowisko badawc
umaliwiajace pomiary temperatur wzdiudtugaici ptomienia. W pracy przedstawiono uzyskane w diak
spalania mieszanek wyniki na tle analogicznyclzyotranych w trakcie spalania oleju opatowego.

Stowa kluczowe:faza glicerynowa, palnik iektorowy, wspoétspalanie fazy glicerynowej z olejepatowym



