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COMPARISON OF THE EFFECTS OF MANAGEMENT OF APPLE PO MACE FOR
ENERGY PURPOSES IN FERMENTATION AND COMBUSTION PROC ESSES

Summary

The search for alternative fuels is becoming insiegly common due to exhausting conventional ensogyces. One of
the solutions is to manage waste from agricultumatl food production for energy purposes. The airthefstudy was to
compare possible energy gains from the use of gmumieace as a fuel in two variants. The first optonsisted in convert-
ing waste into solid fuel for combustion, while geeond option included methane fermentation ofgeenand the use of
the resulting fermentation for combustion. The agslke was carried out to determine the energy usefs of apple pomace
extruders, among others. combustion heat, calovifiicie and biogas efficiency. The amount of entrglcan be obtained
from biogas resulting from the decomposition of poenas well as from the post-process fermentatismalso determined.
Energy expenditures necessary for the processedrtiresform the raw material into fuel were simeldt Then an energy
balance was carried out which showed that the fetate®n of pomace and the combustion of the feretepulp, taking
into account the losses, resulted in an energy g&i$.03 MXkg™* (1.12 kWHkig) higher than the use of pomace for com-
bustion alone.

Key words renewable energy sourcemergy balance, higher heating value, biogas, foadtes

POROWNANIE EFEKTOW ZAGOSPODAROWANIA WYTLOKOW JABLKO  WYCH
NA CELE ENERGETYCZNE W PROCESACH FERMENTACJI ORAZ S PALANIA

Streszczenie

Ze wzgédu na wyczerpuyce se konwencjonalnérédia energii coraz powszechniejsze stagepsiszukiwanie paliw alterna-
tywnych. Jednym z rozyiai jest zagospodarowywanie odpadéw pochogeh z produkciji rolniczej oraz spavczej na
cele energetyczne. Celem pracy byto poréwnanigdimah zyskéw energetycznych z wykorzystania wistgibtkowych
jako paliwa w dwoch wariantach. Wariant pierwszejphowat przeksztatcenie odpadu na paliwo state lw ggalenia, na-
tomiast wariant drugi dotyczyt fermentacji metanpwegtlokéw oraz wykorzystania powstatego w jej \yrpofermentu na
sposob spalania. W pracy wykonano badania pozwedapkréli¢ przydatnd¢ energetyczmp wyttok6w jabtkowych m.in.
ciepto spalania, wart@* opatow; oraz wydajné¢ biogazow. Wyznaczono réwnieilosé energii maliwg do uzyskania
z biogazu powstatego w wyniku rozktadu wyttokéwz argpofermentu pozostatego po tym procesie. Dokosgmulaciji
naktadéw energetycznych potrzebnych na procesksuiadcagce surowiec do postaci paliwa. Ngshie wykonano bilans
energetyczny, ktéry wykazag w wyniku fermentacji wytlokdw oraz spalania pafentu przy uwzglinieniu strat mgiwe
jest uzyskanie o 4.03 My (1.12 kWHig') energii wicej ni przy przeznaczeniu wytlokéw wgznie do procesu spala-
nia.

Stowa kluczoweodnawialnezrédta energii, bilans energetyczny, ciepto spalami@gaz, odpady spgwcze

1. Introduction formed after wiping, seeds, spoiled fruit and vabkds
[Gryss Z., 1972]. In fruit processing, the majoritlywaste
With the development of civilization and decregsin is pomace produced during must production (appidQ
fossil fuel resources, interest in obtaining enefrgyn re-  thousand tonnes per year). When producing fruiégsifor
newable and ecological sources is increasing. Saolhces the production of marmalade and puddles, the dedal
include solar energy, wind energy, biomass andouari milling is obtained (4-5 thousand tonnes). The dsthe
types of waste that can be used for energy purp&seds, fruit waste is produced during the production ofzin
which are by-products of agricultural or food protlon, foods, pulp and compotes, including sorted spoiteds,
have great potential. This type of raw materialgehmany stalks, leaves and other plant contaminants. THghvef
advantages: they are produced at a given time aadtidy, this waste is very small and has practically noueal
they are characterized by comparable parameterg,ubu- [Gawecki J., Czapski J., 2017]. In vegetable processing,
ally do not contain toxic compounds, and sincerofteere  most of the waste is produced when tomatoes aepsed
is no specific management method for them, enelsgy uinto concentrate. In this process, 7-8 thousand aimills
seems to be the right solutiordliczak A., 2008]. are produced. In vegetable souring, large amounigasete
Waste from the food processing industry includes p are produced during the pickling of cabbage, whiteall
mace - residues from vegetable and fruit pressivaste  quantities are produced during the pickling of aubers.
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Large amounts of waste are generated during rogétae
bles processing (up to 20%). The waste from thegssing
of vegetables without taking into account tomatsesp-
proximately 20-25 thousands tonnes annually [Zaaleski
R., Oszmiaski J., 1994].

Apple pomace is waste resulting from the procesesin
fruit into food products such as juices. They dnaracter-
ized by a high water content, even up to 73%, winetkes
them easily compacting during storage in uncorgtbton-
ditions [Kumider,1996]. Despite this, they have mam-
portant nutrients such as pectin, saccharidesmiits fi-
ber, organic acids. Thanks to these substancesaqmis
most commonly used in animal feed production. Ruthé
negligible heavy metal content and the high amadirtar-
bon and nitrogen, apple waste is suitable for qmaduc-
tion by methane fermentation. As Jewell writes Q]9&s

3. Methodology

The project used pomace from apples producedén th
production of NFC juices. NFC technology is theqass of
juices production, where fresh fruit is squeezeckdaly.
The juices are pressed and pasteurised and caréhio-
zen or bottled into suitable bottles. The shellmedrom
the company Maxfrut sp. z 0. 0., which is locatedarog-
niewice, Kacianski County, commune of Czenipi

In order to achieve this objective, the moistuoatent
of fresh pomace, combustion heat and calorific eadd
pomace, biogas yield of the pomace and slurry mextuith
methane content, dry matter content of the regultiges-
tate, combustion heat and calorific value of thgedtate
were determined. The results obtained allowed usalou-
late the amount of energy that can be obtainedusgiig

much as 80% of organic matter of pomace can bestranand fermenting the pomace and using the fermentdtio

formed into biogas with an energy value of 10-30m#/
[Trakko et al., 2012].

Analysis of the level of knowledge indicates titats
possible to optimise the processes of obtainingggnieom
biomass. An example is the gasification of biomasthe
dry distillation process with the subsequent usearfibus-
tible gases (carbon monoxide, methane, hydrogenl)
combustible solid waste. Taking into account thmeilsirity,
it was indicated that it is possible to obtain gyefrom ap-
ple pomace in two stages. The possibility of ohitajrbio-
gas from waste such as pomace has been noticea)|leess
the possibility of thermal utilization of the fermtation af-
terwards.

2. The aim of study

The aim of this study was to compare the enerfpctsf

combustion purposes. The options analysed are sliown
Fig. 1. They have been divided into individual preses,
some of which require the supply of energy (dryifiggl
forming and separation of solids from the fermeatat
pulp) and others that enable it to be obtained @uening).
The process that is on the verge of this classifinas fer-

ammentation because it requires energy to be supgbedat
the same time it produces fuel.

The moisture content of fresh pomace was detednine
prior to the study of marc combustion heat. Duéhohigh
water content, the pomace was dried to an air-dyysthte,
enabling determination of combustion heat and dalor
value. The pomace was subject to a milling proéessex-
amination and then sieving to obtain a represesmtetam-
ple with a 0.2mm fraction. The dust obtained wasdu®
make a 1 g tablet of the combustion heat usedh®rtest.

of using apple pomace in fermentation and combustioThe examination of combustion heat was carriedabhe

processes. In the research the waste generateuehyro-
duction of juices using NFC (Not from concentrategh-
nology has been tested.

In order to achieve the aim of the study, it wadidated
that apple pomace would be dehydrated in detaith@n
work. The results will be compared with the eneedfgct
of the two-stage pomace management process cogsisti
the initial fermentation of the substrate with geparation

Institute of Chemical Wood Technology with the use
computer calorimeter KL-12Mn2 based on PN-81/G-&451
and PN-ISO 1928 standards (Fig. 2) The test causist
the total combustion of the sample in an oxygenoatm
phere, under pressure in a calorimetric bomb imetkns a
water jacket, with simultaneous measurement of ithe
crease in water temperature. To determine the iialor
value, the moisture content was determined withude of

of methane and the subsequent combustion of thg- dehthe drying and weigh-weight method in accordandé ttie

drated fermentation.

PN-EN ISO 18134-3 standard.

The main objective of the work has been divide in

specific tasks.

A biogas efficiency study of the pomace was cdraat

« combustion of dehydrated apple pomace for the deteth the Chemical Analysis Laboratory at the Ins&tof Bio-

mination of calorific value and combustion heat,

» fermentation of apple pomace in a mixture with g

cally active additives in mesophilic margins acdéogdto

the methodology of determining the cumulative b&peo-

ductivity,

» combustion of conditioned fermented pomace mixtare
the determination of calorific value and combustieat.

As part of the fermentation of the pomace mixtute
was assumed that the test mixture would be hydizéaiv
the pumpability limit. The methane concentrationl aol-
ume of the biogas released will be determined.

systems Engineering. In the study there were usédgdof
slurry from a grating cattle farm and 160 g of &ppbmace
originating from the production of direct juicesh& raw
materials used to produce the mixture were tesietketer-
mine their dry matter and organic matter.

The biogas vyield tests were carried out in acawda
with DIN 38 414-S8 in a multi-chamber fermentatista-

, tion (Fig. 3), based on an eudiometric system staes the

biogas generated on 1 dnfermentation tank capacity
[KTBL-Heft-84 2009]. A measurement station for reutle,
carbon dioxide, hydrogen sulphide, oxygen was used

An important aim of the study was to compare eylergthe biogas gas concentration test (Alter Bio MSMR}. To

expenditure incurred on preparation of substratitls &n-
ergy obtained from them in the analysed processes.
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prepare inoculum, methanogenic thermostated biogthat
a capacity of 1650 ml was used.
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APPLE POMACE

/

1. USE FOR COMBUSTION PURPOSES I 2. FERMENTATION OF POMACE AND USE OF
POST-FERMENTATION PULP FOR COMBUSTION PURPOSES

BIOGAS
PBST—FENM;ENTQHON COMBUSTION OF
PULP BIOGAS

FORMED FUEL

]

COMBUSTION OF

APPLE POMACE

FORMED FUEL

!

COMBUSTION OF POST-
FERMENTATION PULP

Source: own studyZrodio: opracowanie wtasne
Fig. 1. Diagram of the methods of energy use ofeappmace
Rys. 1. Schemat sposobdw wykorzystania energegangtokow jabtkowych

Source: own studyZrodio: opracowanie wiasne

Fig. 2. Computer Calorimeter KL-12Mn2 (on the le@¥neral view of the test stand (on the right)
Rys. 2. Kalorymetr komputerowy KL-12Mn2 (po lewejjlok ogoiny stanowiska badawczego (po prawej)

- Source: own stdyZ'trbdio: opracowanie wlasne
Fig. 3. Research stand for the study of biogasymtivty of substrates according to DIN 38414 8 the left), inoculum
station for quasi-continuous fermentation work {lo@ right)

Rys. 3. Stanowisko badawcze do analizy wydajrimogazowej substratéw zgodnie z DIN 38414 so8l€prej), stanowisko
do wytwarzania inokulum oraz do quasigiej fermentacji (po prawej)
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Measurements of concentration and volume of sedret
gas were carried out at 24-hour intervals.

A mixture of identical composition was in threefeir-
mentors to improve the correctness of the resMis-72
and MG-73 series measuring heads have been used
measurement of the composition of the biogas prediuc

with measuring ranges 0-100% of volume and meagurin

resolution in the order of 0.1ppm to 1% volume.

The following standards were used:
04540/00, PN-75 / C-04616/01 - 04, PN-90 C-04540/01

The parameter that is evaluated is the volumeeokgy
ated biogas and the cumulative value [Dach et @09
During the study the process temperature was 36°C.

The object of the study included a mixture of daind
liquid substrates, subject to anaerobic degradation

The study plans three repetitions of tests of &sogffi-
ciency of the mixture of bovine slurry and pomaéger-
age results were converted into unit volume urnitsepa-
rated biogas [f) per unit of fresh matter, dry matter and
dry organic matter.

3.1. Testing of combustion heat and determination fo
the calorific value of digestate

Investigation of the burning heat of the digestats
carried out using the same method as the analysikeo
combustion heat of marc. The fermented product Wgas
uid, therefore, in order to perform further anal/sehad to
be dried to air-dry condition. Liquid digestate wasject
to a test determining its moisture content, whitibveed
simulation of energy expenditure on separation @nyihg
of the fermentation in the balance.

3.2. Comparison of the energy efficiency of the orgep
system with the two-stage conversion of apple pomac

According to the proposed diagram (Fig. 1) an gyer
balance was made checking the amount of energybb®ss
to be obtained from 1 kg of substrate.

[PN-74/C-

1) Determination of energy effects using pomacecfon-
bustion purposes.

2) Determination of energy effects with the usgomace
on the fermentation method with the managementhef t
fesulting post-fermentation for combustion purposes

The energy calculations were made using a gegerall
accepted methodology, taking into account the poavet
efficiency of the equipment used for the process/els as
the parameters of the substrate determined dunmgtudy.

The planned simulation does not take into accolet
energy consumption for heating the digester antatygi
operation. The reason for this is the multiplicitfy struc-
tural solutions and thus the differences in enexgysump-
tion, which should be further divided into manynfiemta-
tions.

4. Results

4.1. Testing of combustion heat and determination fo
pomace calorific value

Fresh pomace moisture content was 74.34%. After dr
ing to air-dry condition, the apple marc combustimeat
was determined at 19.53 M@". The calorific value of
marc at a moisture content of 6.73% was 18.35kiyl
The results are shown in the Fig. 4.

4.2. Investigation of the biogas yield of pomace

Testing the biogas yield of the pomace took 24sday
After this time, experience was discontinued incadance
with the standard due to the fact that the daillume of
biogas produced did not exceed 1% of the curreodyar-
tion. The resulting accumulated volume of biogas \da-
termined at 168.78 fiMg dry matter. The average methane
content was 57.375%. Mixture parameters are ligietthe
Table 1.

and calorific value

20,00

Results of the test of combustion heat

[MJ-kg ]

of apple pomace

19,53

15,00 -

10,00 -~

(

MJ kg

5,00 -

0,00

High heating value

APPLE POMACE

Calorific value

Source: own studyZr6dio: opracowanie wiasne

Fig. 4. Results of the test of combustion heateaidrific value of apple pomace
Rys. 4. Wyniki badania ciepta spalania i wadicopatowej wyttokdw jabtkowych
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Table 1. Parameters of the mixture used for thénamet fermentation test
Tab. 1. Parametry mieszankiyiej do bada wydajndci biogazowej

Fresh mass used fgr Share of components Dry matter Dry mass in the Dry organic
Component testing in the sample content sample matter
g % % g %
Slurry 451 75 1.25 5.6375 89.62
Apple pomaces 150 25 25.66 38.49 98.44
TOTAL 601 100 - 44.1275 -

Source: own studyZrodio: opracowanie wiasne

Emission of accumulated biogas m3-Mg™ dry matter - apple pomace

160,78

£
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-l
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oo
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E A/e__e/
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t .
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S
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Time [days]

Source: own studyZr6dio: opracowanie wiasne

Fig. 4. A graph of the emission of accumulated aggbtained from a mixture of marc and slurry
Rys. 4. Wykres emisji zakumulowanego biogazu oamggo z mieszanki wystodkow i gnojowki

The fermentation results are presented graphicallystopped producing biogas. After 25 days of producter
Fig. 5 presents a graph of the capacity accumulisted®  day did not exceed 1% of the biogas obtained sostaiit
per tonne of dry matter. It was determined that fiossible was decided to stop the research.
to obtain 160.78 fhof biogas from 1 Mg of dry matter.

Discrete data have been linked by a trend line. In addition to the volume of biogas produced,ciben-

The current flow graph (Fig. 6) of biogas shows th position, including methane content, was also itigated
process flow of biogas production during the precdays. (Fig. 7). After a period of 5 days, the gas conterteeded
Dynamic biogas production is observed in the fli@tdays 50% until day 22.56% methane content was determaised
of fermentation. After 18 days of experience, thixtone  an average. Discreet data have been linked byd tiree.

Current capacity of biogas - m3-Mg fresh mass - Mixture of apple pomace pulp with slurry
2,5

) A

1,5 A/

Volume [m3-Mg?]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [days]

Source: own studyZrodio: opracowanie wiasne

Fig. 6. Chart of the output of temporary biogasrfra mixture of marc and slurry
Rys. 6. Wykres wydajsm chwilowej biogazu z mieszanki wystodkow i gnajgw

Methane concentration in biogas[%] - Mixture of apple pomace pulp with slurry

©
3

56%

|

5 2 g 3
0
b
Z[z

--APPLE POMACE

S

w
S

N
S

—AVERAGE OF
APPLE POMACE

CH4 concentration [%]

.
15}

o

1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [days]

Source: own studyZrodio: opracowanie wiasne
Fig. 7. Chart of methane concentration in biogaaiakbd from a mixture of pomace and slurry
Rys. 7. Wykresgtenia metanu w biogazie uzyskanym z mieszanki \@yttognojowicy
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4.3. Testing of combustion heat and determinationfo
net calorific value of post-fermentation pulp

The dry matter content in the fermentation wa1%3
Before the test of combustion heat, the digestate avied.
High heating value was 19.45 Mg™*. Humidity of the
sample tested for combustion heat was 7.94%. Gialori
value was determined at 18.26 k. The results are pre-
sented in the graph (Fig. 8).

4.4. Calculation of the energy balance

According to the proposed diagram (Fig. 1) an gyner
calculation was made to check the amount of enavgyl-
able from 1 kg of substrate.

The energy gain was determined by estimating the d
ference between the process of energy generationbas-
tion) and the sum of processes enabling the wasteet
transformed into fuel. Data for the energy balamsze
simulated based on the results of the researcheshaical
parameters of a belt dryer, briquetting machine aruklt
press for separating the solid fraction of digestat

The briquetting machine adopted for calculatiod ka
power of 15 kW and a capacity of 0.15 M4 The power
of the belt press for the separation of digestaais & kW
and its capacity was 0.6 M@ In the case of simulation of
the drying process, the results obtained were takenac-
count with respect to the substrate moisture cariiefore
and after each process. Related water vaporizat@ngy
intensity was assumed at the level of 1.75 KW',

The efficiency of the solid fuel boiler has beaswuamed
to be 80% for the calculation of the achievablergneThe
energy potential of biogas was determined by catng
the methane volume in the accumulated biogas emissi
from 1 kg, then multiplying this value by the matkanet
calorific value of 35.73 Mg™.

20,00

1) Determination of energy effects using pomacecfom-
bustion purposes

In order to estimate the energy consumption of the

process of drying the marc, the moisture contentrexh
pomace and the moisture content of pomace wergsetl
at the moment of the analysis of the combustiort, rea

spectively 74.34% and 6.70%. The amount of energy

needed to evaporate 0.6764 kg of water from 1 kepof
material was calculated as 13.176-kdd" (3.66 kWhkg™?).

On the other hand, it was found that in orderdovert
1 kg of raw material into briquette it is necesstryuse
0.36 MJkg* (0.1 kWhkg™).

The energy obtained from the combustion process wa

determined as 14.68 My (4.08 kWhkg™).

The energy gain from the conversion of marcs sutad
fuel and the combustion of this fuel was 1.14kgd (0.32
kWh-kg™?) (Table 2).

2) Determination of energy effects with the userarc on
the fermentation method with the management ofébkalt-
ing post-fermentation for combustion purposes

Due to the liquid form of the fermentation, it wes-
cided to simulate mechanical separation of the éetation
before drying. It has been assumed that the expantis-
ture content after the separation process will eleze by
25% to 74.13%. The expected separation energyfiisede
as 0.018 Mkg™ (0.005 kWhkg™).

In order to estimate the energy consumption ofditye
ing process of the fermentation, the estimated tin@<on-
tent and the moisture content of the fermentaticarew
taken into account at the time of the analysihiefdombus-
tion heat, i.e. 7.94%. The amount of energy neeaed
evaporate 0.6619 kg of water from 1 kg of raw niatevas
calculated as 12.34 Mkiy™* (3.43 kWhkg?).

As in the case of marc, it was assumed that ierotal
convert 1 kg of raw material into briquette it iscessary to
use 0.36 Mkg™ (0.1 kWhkg™).

19,45
1500 +—

10,00 —

d

M)-kg!

500 ——

0,00

High heating value

Calorific value

POST-FERMENTATION PULP

Source: own studyZrodio: opracowanie wiasne

Fig. 8. Test results of combustion heat and catoviilue of digestate from apples
Rys. 8. Wyniki ciepta spalania i wasth opatowej pofermentu z wyttokéw jabtkowych

Table 2. Energy balance for the use of apple porfaosombustion purposes
Tab. 2. Bilans energetyczny wykorzystania wyttojadatkowych na cele spalania

No Process Mf.ﬂg_rlgy eXpir\]/S'r:igi MJkg? Energ)k/xﬁ ll?g'l Energy balance

T Brying 13.176 366 . 2 [energy expenditure-energy yield]

2. Fuel forming 0.36 0.1 - - el Ll

3. Combustion - - 14.68 4.08 MJkg kWirkg
Total 13.536 3.76 14.68 4.08 1.14 0.32
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Table 3. Energy balance for the use of apple marodthane fermentation and conversion of the fetatien into combustion

Tab. 3. Bilans energetyczny wykorzystania wystodikdevmentacji m

etanowej i przetworzenia pofermeataele spalania

No Process Energly expendlturle T Energy yield T Energy balance
MJkg kWirkg MJkg kWtrkg [energy expenditure-energy yield]
Combustion of biogas - - 3.27 0.91
2. Separation of post- | g1 | g 05 . .
fermentation pulp
Drying of post- _ )
fermentation pulp 12.34 3.43 MJ-kg! kWh-kg*
Fuel forming 0.36 0.1 - -
Combustlo_n of post- i i 14.62 4.06
fermentation pulp
Total 12.718 3.535 17.89 4.97 5.17 1.44

The energy obtained from the combustion of biogas
defined as 3.27 MKg™ (0.91 kWh/kg) and from the com-
bustion of 14.62 MEg™ (4.06 kWhkg™). (3]

The energy gain from the conversion of pomace int?4]
biogas resulting from fermentation into solid faid the
combustion of this fuel was 5.17 Mg” (1.44 kWhkg™?)
(Table 3).

(5]
(6]

(7]

The research shows that apple pomace can be osed f
energy purposes. (8]

It is proven to be suitable for solid fuel as wasl meth-
ane fermentation. It is also possible to use thedatation
as a combustion method.

The proposed simulation of the energy balance show
that a higher energy yield is possible during fertagon of  [10]
marc and combustion of fermentation. Iind variahimarc
utilization allows to obtain by 4.03 Mdj* (1.12 kWhkg?) — [11]
more than when burning marc. The moisture contdént o
fresh marc has a decisive influence on the obtaiesudlt. [12]

The energy efficiency of the marc combustion pssce
can be improved by limiting the drying procesdgeastt to a
level of about 15%, as well as by co-combustiorhweitg.
woodchips.

Due to epidemiological restrictions on food pratitue
plants, combustion remains the only solution if enisr to
be used to generate energy for the plant's tecbiualo
needs. The two-step biomass energy recovery pr@mess
tributes to improving the energy balance and irgireathe
profitability of the industry. It can be used innjonction
with a biogas plant at a safe distance from thepzom for
sanitary reasons.

5. Conclusions

(9]

(13]

(14]

(15]

[16]
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