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M3Bop: EBIOM European biomass association 2013.
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BUOMACA

« bromaca y npowunoctu
* Y 0bnuKy apBeTa no3HaTa jowl y BpeMe Kaaa je YoBek Noveo Aa KopucTu BaTpy

* buomaca gaHac u'y byayhHocTtu

« OBGHOBIBMB 3BOP EHEPrje — 3HaYajHa yrora y eHepreTckoM cekTopy y byayhHocTH
* CMatbetbe 3aBNUCHOCTM 0 (POCUITHUX ropuBa
¢ CUrypHOCT CHaGﬂeBal—ba
* CMatbene 3araf]e|-ba XNBOTHE CpeanHe
¢ OTBapake HOBUX padHUX MECTa, ....
* 10 YCMOBOM [ja Ce He yrpo3u NnaHaL, UcXpaHe, 3a40BObe KpUTEPHjYMU OAPKNBOCTY,

BEMOMACA - AEGVHULINIA

Benwkn 6poj pasnuuntux geduHuymja:

* bromaca — matepuja GronoLLKor nopekra, UCKiby4yjyhin Matepuje koje Cy y4ectsoBare y
npouecuma TpaHcgopmucarsa 1 ctapara ocunHmx ropusa (CEN/TS 14588).

« Ocrauu of bromace — Bromaca koja noT4e U3 Ta4HO AeHUHUCAHMX TOKOBA U TO U3
norbonpuepeae, Wymapctsa 1 ogrosapajyhux uigycrpujckux npoveca (CEN/TS 14588).

« Bromaca — 6uopasrpazvey 1eo Npou3eoga, OTnaga v octataka G1onoLLKOr nopekna 13
norsonpuepeae (Ykrbydyjyhu GurbHe v XMBOTUHCKE MATEPHjE), LYMAPCTBa W NOBE3aHNX
UHOyCTpMja, Kao 1 Bruopasrpapmney A€0 MHAYCTPUICKOT U KOMYHANHor oTnaga (dupekTusa
2008/28/EC).
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BUOMACA - TOPUBO

* 3a npumeHy Bromace kao roprea KOpUCTH Ce Benvkn Gpoj pasnuunTiX TEXHONOrja
TpaHcdopmaumje

* EHepruja/tonnota Opesm aon
+ KocaropeBatse 61omace (Mana konnynHa) y

noctojehnm nocTpojersuma
+ CaropeBatbe y KOHBEHLMOHANHUM NapHUM KOTINOBUMA
* KombuHoBaHa noctpojetsa
» TonnaHe 3a AarbMHCKO rpejarse
* [lehu 3a cywlerbe, neyere Lurne
* [lehu 3a gomahuHcTBa
* [acudukaumja bromace
* AHaepobHa thepmeHTaLmja

* [opvBa
» KoHBep3uja y TeyHa ropnea
+ 3akotrnose
« 3a motope — 6roeTaHon 1 buogusen P
» KouBepsuja y racosuTa ropusa

i5
11d (ar). MI/ke

BUOMACA - NOLENA

* [lpema arperaTHOM CTay (4BPCTa, TEYHA M racoBuTa)
* [Tpema nopekny

* [lpema HaunHy nNpunpeme, TO jeCT Npema obrnuky y Kojem ce
MOXe HahW Ha TPXULLTY K Yy eKcnnoaTauujy nenetu,
BpukeTn, OpBHA Ceuka, NUIbeBKHA, bane cname, TPCKe 1
MWCKaHTyCa UTA,)
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BUOMACA —NOAEJTA TIPEMA NOPEKNTY

* Lllymcka 6uomaca
 OrpeBHO IpBO
o [Lymcku otnag
 Ocraum og npepaje apeeTa
* bp3opactyhu 3acagm
* [pBHa Gromaca o gpeeha n3BaH wyma
* TorsonpuepesHa bruomaca
 Ocraum og norboNpUBPEAHUX KyNTypa
« OcTauy og rajetba Boha v BUHOrpagapcTea
* Yrbapuue
* JlurHouenynosHu matepujanm (MUCKaHTYC, TPCKa, ...)

* TeuHo crajcko fybpueo
« OTnapg

* Buopa3arpaamsy 4eo MHAYCTPUCKOT 1 KOMYHAMHOT OTnaza

BMOMACA - BPCTE

 TpaguunoHanHa

* Apeo

* Ocraum gpseta
 CTtpyroTuHa
* Ynnc
* Kopa gpBerta

* [lorbonpuBpeaHn octauu
+ Cnama
* KykypysoBuHa
* lllehepHa Tpcka

* HoBa

« bomaca 13 putopememjauvje
* Tpcka
* barpem
* Kuceno gpeo

» OTnagHu mysrb/yrba
* TeyHu cTajHak

* ViHpycTtpujckn ocTaum
* Jbycka cyHUoKkpeTa
* Kowunye soha
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BWOMACA - BPCTE

Kopa apBeTa

KOI-bCK f]yﬁb

npatimMHa

MHOYCTPUjCKY OCTaLM

%

LUyMCKM ocTaLm

TbyCKe MUpUHYa

BUOMACA - TTPMUMEHA

Mpouec lMpounssoa MpumeHa
AHaepoGHa [acosuTO KoTnosu, motopu, TypbuHe, ropvee EHepruja/Tonnota
d)epMeHTaLl.I/Ija ropveo henuje
EKCTpaKLl,Mja TeuHo KoTnosu, motopu, ropuse henuje EHepruja/Tonnota,
. 6pahai
dbepMeHTaLmjom ropuso caobpahaj
CaropeBame LnMHN KoTnosu, nehu Ipejatbe, TONN0Ta 32
racosu npouec, Tonsia Boaa,
eHepruja/TonnoTta
Macudurkaunja lacosuTo KoTnosu, MmoTopu, TypbuHe, ropuse Enepruja/Tonnota
ropveo henwnje
CUHTE3HMU MoTopu, uHaycTpuja, Tonnota Tonnota, cao6bpahaj
rac
Muponusa lacosuTo MoTopu EHepruja/TonnoTa
ropuso
TeyHOo 1 YBpCTO EHepruja/Tonnota
ropuso

10
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BUOMACA - NMPEOHOCTH

* EHepreTcku n3sop

« Cynctutyyuja docunHmx ropuea

+ CMarbetbe 3aBICHOCTH 0f YBO3a

* [lonpuHocu cmarery emucuje XTI
* [lonpnMHOCK OAPXMBOM pa3Bojy

° ﬂ,OI‘IpVIHOCI/I CMaHkbehy nerpa,qaumje 3eMJbuLlTa
* HoBe MoryhHOCTYW 3a NOrbONpUBPEHIKE

» OtBapare HOBUX pafHUX MecTa

* Cmarbere Takeu

11

EMOMACA - HEQOCTALM

 HeonxoaHe Benuke noBpLUMHE 3eMIbULLTA

* PasBujare pasnuyntnx TexHonoruja

* LleHa 3aBucu 1 o MmoryhHOCTV NpoAaje Hycrnpouaeoaa

» [ponsBoar-a 3aBucK of BENUKOr bpoja yTuuajHux daktopa (speme)

» Mana 3anpemuHcka TonnoTHa Moh

* TpxwuwTe Guoropuea je penaTneHO HOBO
* OrpaHuyeHa moryhHocT kopuiwhetba 3emrbuwTa 063upom Ha notpebe 3a Npon3BOaHOM

XpaHe

12
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[IPBO

* 75 % mace Moxe fa ce KOpUCTM Kao ropuBo

» Cacrtoju ce oa yenynose (C¢H4,05), MMrH1MHa 1 marne KonuunHe cMorne, Bocka

N MacHohe

* [1pakTn4yHo Hema cymnopa
 Cagpxaj nenena Hea3HaTaH
* Jlako TonrbmB neneo

 Cagpxaj Bnare je og 45 - 65 %, a nocne 2 roguHe cknaguwuTera Ha Basayxy

cMamyje ce Ha 18 — 20 %
» Jlaka ynarb1BocCT 360r BUCOKOr cafpaja BonaTtuna
« [lowsa TonnotHa moh opraHcke mace usHocu 18,4 MJ/kg
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APBO
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NMOJ/bONPNBPEAHN OCTALUM

* Ocrauwm:
* OcTaum og norbONPUBPEAHMX YCEBA: MNLIEHULA, jedaMm, KYKypy3, pax, CyHLIOKPET, coja,
yrbaHa penuua
* Ocraum Buomace y BohapcTsy, BUHOrpagapcTey 1 13 npepaje soha
* TeyHu cTajmak
* [pobnemu:
* penatnBHO BENUKa 3anpemMmnHa y 0aHoCy Ha Macy
* Mara 3anpemMmnHCKa TomnmnoTHa moh
* nponagare Kpo3 peLLeTky noxuira
* HajnorogHuju HaunH Kopuwwhetsa - npeBofere y norogHuje obnuke

15

BAJIE CJIAME
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MPUTNTPEMA BUOMACE

BpukeTy

17

MENETU O4 BUOMACE

MeneTtu op 6uomace npeacraBrbajy caBpeMeHU 06nMK npunpemMrbeHe
yBpcTe Ouomace.

KapaktepucTuke:
= LlunuHapuyan obnuk;

= [IpeyHuk 6-8 mm;

= [yxuHa 10-30 mm;

CupoBMHE 32 NPON3BOAHY

= JlucTonagHo apBo;

= YeTuHapcko ApBo;

= Kopa gpBeTa;

= Ocrauu 13 nor-onpuBpeaHe
NPOVU3BOAKE;

= EHepreTcke burbke.

= Manw cagpxaj Bnare v nenena;
= ['ycTuHa 800-1400 kg/md.

18
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MENETU O BUOMACE

Cacroju ce of MexaHW4KO-TEXHOMOLIKMX NpoLeca:
= [lpunpema CUPOBWHE;

= [lenetuparse;

= O6paga nocne Npou3BOAH-E.

Bamak 3a
HCTHCKHBAILE

Cuposuna s /' Cuposnna

—-| Kanyn
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MENETU O BUOMACE

I'py6o Cyuiere Yrosap MesieTHparbe llakorame
Mpujem  MAEBERE  Tlpujem TPaHCIOPT
CHPOBHHE CHpOBUHE PuHo Xnahere
cevka H/beBHHA MileBee 1pocejaBatbe
3

20
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MENETU O BUOMACE

(6)
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Mpujem Yinamwatoe Nenetupame IlakoBame
CHPOBHHE Kope TpaHCnopT
Miegeme Criaguiurese Duno Xnahemwe
YCHTH-aBambe ceyke MJIeBeH:e npocejaBame
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MENETUN O4 BMOMACE
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MNENETUN O BMOMACE

® Mpom3aroTka (ToHa)

FETELE]
2EHLID

2008,

M3Bop: IEA bioenergy 2013.
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MENETU O, BMOMACE
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M3Bop: IEA bioenergy 2013.
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MENETU O BUOMACE

A4961-
EN 1A% GNORM S5 DIN DIN i
Knaca Hnaca HKnaca M 7135 | 187120 51731 plus
a1 a2 B |
Nopewno J
Mpeunuk mm Euand | Guand | Enansd 4-10 Hﬂ::ﬂ.ﬂ | 4-10 4-10 [
Aywmrna mm 3,15-40 | 3,15-40 | 3,15-40 =5xD s4xD | <50 < 5xD D-4xD
Hacunna ' | | 620- |
iia kg/m 2600 | 2600 | 2600 2600 | i
FycTHHa kg/dm’ z1,12 | 1-14 | 2112 .
o :
Apnal % m/m, ar <10 <10 <10 <10 <10 <12 £10 <10
B L]
Canpwa) % mimar | 07 | <15 | <35 [l so5 | <07 | <15 | <05 507
nenena
Aowa |
16,5- 16,3- 16,0- 17,5-
>
TonAToHa Mifkg, ar 19.0 19.0 19,0 2180 2169 195 2180 2169
moh |
Mexanwaka | o o mar | 2975 | zo7s | 2985 [| 2977 | 2992 2977 | 2975
yepcroha
Cappwa)
CHTHOT % m/m, ar 10 510 210 21 <10
|_ocrarka
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CAIrOPEBAMSE MENETA Ol BMOMACE

BMOMACA CE TPAOULUMOHAITHO KOPUCTW - npe cBera y gomahuHcTBUMA

efficiency [%)

2000

2010

5.000 «

4.000 4

3.000 +

2.000 4

CO emissions [mg/Nm)

2000

26
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CAIOPEBAKSE TMEJIETA O, BMOMACE

Mpema KpuTepmnjymy TonnoTHe cHare

= Ypehaju mane cHare (go 100 kW, );

= Ypehaju cpeare cHare (100 go 1000 kWy,);
= Ypehaju Benuke cHare (npeko 1 MW,,).

Kputepujymu nopene ypeljaja mane cHare 3a caropeBatbe neneta og 6uomace:
lMpema BpcTu ypehaja;
lMpema HaumHy 4OBOAA FOPUBA;
[Mpema HauunHy nspage.

27

[MOAENTA MPEMA BPCTU YPEBAIA

KoTnosu Ha nenet
Ca CNOJbHUM TOPMOHUKOM

KoTnosu Ha nenet ca
MNehu Ha nenet yrpaheHnm ropuoHmMKom

28
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MOAENA NPEMA HAYMHY AOBOJA NOPVBA

[oBof, ropmBa ca roptbe cTpaHe

[oBoa roprsa ca Aoke CTpaHe

[osopa ropvsa ca 6oyHe cTpaHe

29

[MOAENA MPEMA HAYNRHY U3PALE

Ypehaju ca nepodoprpaHom Nao4om Ypehaju ca HENMOKPETHOM PELIETKOM

% Y

o - i -
Ypehaju ca NOKpeTHOM peLleTKoM Ypehaju ca NpeKkIonHOM peLleTkom

30
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EBpOI'ICKVI NPONNCHU 3a nehu 1 KoTnoBa mane cHare
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EXPERIMENTAL TESTS OF PELLET STOVE

rding

32
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EXPERIMENTAL TESTS OF PELLET STOVE

IGNITION + PRE-TEST TEST

G_34

S IGNITION + PRE-TEST TEST

My (ke)
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EXPERIMENTAL TESTS OF PELLET STOVE

IGNITION + PRE - TEST TEST 634
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EXPERIMENTAL TESTS OF PELLET STOVE

IGNITION + PRE-TEST TEST
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TEST RESULTS OF PELLET STOVE

|SPITIVANIE NAZIVNE TOPLOTHE SMAGE PREMA EN 14765

Predmet ispitivania: PEC M PELET
p,.,maie-

Gznaka ispitivanja: FN_BRWY
Datum ispi 03.04.2013.

Ispitno gariva: pelesi od buma-

Reim ispitivanja; Nazivna toplotna snags (Fower: HI; Farc HIj

Potrainja oriva:

Tz ipitvania reme, hrmm TWiaza (pet = zorval, iz

Falienie 1150 600

Fredipivan 100 550

Tlauna Epnange T30 w5

TRAL LE 3350
FatraZnja goriva u periadu glavag isaitvans, &

T=va strana gedl Desna strana pedt
U dimnam anal T 53 B
Temperatura udimnam kanalu dols, °C 04 561
vazduha za zagrevanie, -G 018 EEN
Temperatura uloiEtw, °C 2]
Sastay produikat: ;
[ B0z | ppmCD | ppmMd« | CFT [ CaT | [EecoR
s | 176 | kel | 1w | 335 | 435
Proratun pa EN 14735
I Tahtev EN 14785
Energetike karaktersike.
Stepen karisnosti % | 745 | 755
Istvarena toglotna snaga, KW | 608 | -
halodhe karskterissike
misija CO, me/m3 jpri 135 03] | 36 I <500 mafm3

Energle und Ummwen

|

wi
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rad

v
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PELLET STOVE
Operation principle

- |
1. Fuel reservoir n 6
2. Fuel FEEDER 5]
3. Combustion chamber }
4. Burning pot (burner) 5
5. Fluegas duct 3
6. Heated air duct \
T4

=>

. Flue gas
- Heated air

" Fuel

= = = =

" Combustion air

37

COMBUSTION PROCESS

Moisture Volatiles ‘
IGNITION

HEAT REALEASE

A

A

~100°C J =100°C ‘ 220-300°C ){ 500-600 °C

800-900°C >.

DRYING DEVOLATILISATION

A A

HEAT SOURCE

VOLATILES
COMBUSTION

CHAR
COMBUSTION

38
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COMBUSTION PROCESS CONTROL

* Three independent variables
* Feeder speed
* FGfan speed
* Heated air fan speed
* Effect on:
* Energy characteristics (eficciency)
* Environmental characterstics (CO, NO, and PM emissions)

* Right choice of parameters for various operating modes can ensure optimum
operation of combustion appliances

* More accurate adjustment lead to higher efficiency and lower emissions

39

WHAT YOU CAN GET WITH CPC?

* Improved energy and environmental characteristics
* The best performance in all operating modes

* Wide range of nominal heat outputs with small construction
changes

 Adapt appliance construction for various fuels
e ...or whatever You need to improve Your product...

40
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COMBUSTION PROCESS CONTROL
Examples

e EXAMPLE 1 — Pellet stove

* Regulation FG fan speed.

* To improve energy and environmental characteristics (efficiency and CO
emission).

* EXAMPLE 2 — Pellet stove

* With small construction changes to achieve three varoius nominal heat outputs
(6, 8 and 10 kW).

* Construction ,must provide” that.

41

COMBUSTION PROCESS CONTROL
Example 1 — Pellet stove

* Two operating modes:
* Nominal heat output
* Reduced heat output

* Default and two additional FG fan speed for both modes

GM_D5

Nominal heat output DEEAULT GM_01 GM_02
GM_D3
Reduced heat output GM_04 DEFAULT GM_03

42

21



18.11.2014.

COMBUSTION PROCESS CONTROL
Example 1 — Pellet stove

100

n %

NOMINAL REDUCED

87,12

79,694

73,476
69,81

79,07

61’92 I
I : :

GM_D5(2500) GM_01(2050) GM_02(1500) | GM_04(2500) GM_D3(2050) GM_03(1500)
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COMBUSTION PROCESS CONTROL
Example 1 — Pellet stove

2000
1800
1600

1000
800
600

€O, mg/m3* 13%0,

400 -
200 -

0

NOMINAL REDUCED
1846

1400 -
1200

1198

748
313
= IIIII

248

GM_D5(2500) GM_01(2050) GM_02(1500) | GM_04(2500) GM_D3(2050) GM_03(1500)

44
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COMBUSTION PROCESS CONTROL

Example 2 — Pellet stove

X 14
* Base construction

(with small 12
construction
changes) three
different heat output.

10

P, kW

6

* For different fuel
consumption you can
adjust combustion air 2
by changing FG fan
speed.

R

¥=6,5181x
R®=0,9596

»

8

>
.

v

0,92

1,53

A
T

0,5

Fuel consumption, kg/h

1

1,5
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MATHEMATICAL MODELING

Examples

e EXAMPLE 1 — Pellet stove

* Mathematical model for combustion process
* Compare obtained results with experimental

* EXAMPLE 2 — Pellet burner

e Mathematical model of fluid flow

* Improve construction according to turbulence and high velocity criteria

46
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MATHEMATICAL MODELING
EXAMPLE 1 - Defining geometry

47

MATHEMATICAL MODELING
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MATHEMATICAL MODELING
EXAMPLE 1 - Model results

I
‘ 4
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-y - |
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-
2
s
-
=
=

Temperature distrubution
for different cross setions

Velocity distribution

for different cross sections
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MATHEMATICAL MODELING

Oxygen (O,) concetration
for different cross sections

Carbonmonoxide (CO) concetration

for different cross sections

T R

)
IR

50
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MATHEMATICAL MODELING
EXAMPLE 1- Model results

Carbondioxide(CO,) concetration
for different cross sections

Diferences between model
and experimental results

1T

<ggﬁET Y%

)

%

'%CA'H @?\“

|

MATHEMATICAL MODELING r
EXAMPLE 2 - Model results N
Improved construction

26
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MATHEMATICAL MODELING 5&‘%
EXAMPLE 2 - Model results iy ad

'

Base construction

53

MATHEMATICAL MODELING T
EXAMPLE 2 - Model results e

Improved construction

Base construction

54
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MATHEMATICAL MODELING
EXAMPLE 2 - Model results

Improved construction

Base construction
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XBAJIA HA TTAXHUA!

[MTNTAHA?

UNIVERSITY OF BELGRADE

Faculty of Mechanical Engineering
Department for Engineering Materials

Fuel and Combustion Laboratory
Nebojsa Mani¢, Ph.D Mech.Eng
Assistant Professor
nmanic@mas.bg.ac.rs
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