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Enerjide disa bagimhhgin azaltiimasi gibi politik nedenler

Diger yakitlara gore daha fazla insan gucune ihtiyag duymasiyla yuksek miktarda is alanlari
saglamasi (20 kata kadar)

Dusuk sera gazi salmasi ve asit yagmurlari gibi olumsuzluklara en az mahal vermesi

1.2tn O, 1.6tn CO2

l' 1.2tn O,

L

0.2ha

t 1tn Biomass ' 0.6tn H20
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BIOMASS KULLANIM KADEMELERI

Kurutma; 100 oC altinda su buharlagarak kuru hale gelir, alinan bu 1s1 yanma sicakligini dusurur,
ornegin odun sobalarinda %60 Uzerinde nemli odunlar yanmaz.

Piroliz; hava kullaniimaksizin yakit igindeki ugucular gider tar olugur. Bu kok endustride, evsel
kullanimda (Mangal kdmuru vs) kullanilabilir.

Gazlastirma hava veya oksijen kullanilarak yanabilir kalorifik gazlar olusturur. Hava kullanilirsa
dusuk kalorili (4-7 MJ/m3) oksijen kullanilirsa orta kalorili 1(0-18 MJ/m3) gazlar olusur, bu gazlar
daha sonra iyilegtirilerek (metanol) i1s1 gug¢ Uretiminde kullanilabilir.

Yanma; yakitin tamamen oksitlenmesidir. Kuruma, piroliz ve gazlasma yanmanin asamalaridir.
Sivilastirma; dusuk sicaklik (350-400 oC) ve yuksek basingta (100-200 bar) dusuk oksijenli
yuksek kalorili yakit olusur.
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BIOMASS YAKIT PARAMETRELERI VE ETKILERI

Nem miktari; yiksek olmasi yanma sicakhgini dusurar, kalma suresini arttinir. Eksik yanma ve
emisyon artimina neden olabilir.

Isil deger 18-22 MJ/kg arasinda degisir. Yakittaki C, H ve S pozitif etki yaratirken, N, O ve kul
negatif etki yaratir.

Sicaklik, kalma zamani, stokiometri; eksik yanmanin bazi nedenleri; yetersiz karisma bazi
bolgelerde zengin karisim yaratabilir (eksik yanma), dusuk yanma sicakligi, dusuk kalma suresi,

Biomass genellikle yuksek uguculu ve dusuk karbonludur, bu da oldukg¢a aktif bir yakit olmasini
saglar. Gozeneklilgi (porosity) kutle kaybi hizini arttirir. Aktifligini artirir.

Yakit boyutu azaldikga kalma suresi kisalir ve boyut homojenligi arttikca proses kontrolu
kolaylasir.

combustion unit multi-cyclone filter fly-ash precipitator

\/

bottom ash cyclone fly-ash filter fly-ash
60-90wt% (d.b.) 10-35wit% (d.b.) 2-10wt% (d.b.)
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BIOMASS YANMASI

Pulverize komur yakma sistemlerinde komur 75 mikron altina 6gutular. Biomass igin bu 6gutme

enerjisi oldukca fazladir bu nedenle biomass uygulamalarinda pulverize yakma pek gorulmez.

Bunun yerine buyuk partikuller halinde 1zgarada yakma veya akiskan yatakta yakma daha

yaygindir.

Akiskan yatakli yakmada partikul boyutlar akiskanlasmayi saglayacak ve tam yanmayi da temin

edecek bir Ust limitin altinda olmalidir. Sirkulasyonlu sistemde hava hizi ile akigkanlagsma

sa@lanabilir, yanmayan partikul tekrardan siklondan geri beslenebilir. Kabarciklida ise hava hizi

dusuk tutularak partukual kagiriimaz.

Izgarali yakma sistemlerinde partikuller buyaktar, iri partikGlin yanmasini 1zgara Uzerinde

tamamlayacak sekilde sistem dizayn edilmelidir.

Yakit boyutu mikron mertebesinden 50 cm’ye kadar degisebilir. Yakit aktarma sistemini ve yakma

sistemini yakit boyutu ve homojenitesi belirler.

Biomass ugucu orani kdmure gore oldukcga yuksektir. (%70-86) Dolayisiyla yanmanin buyuk kismi

ucucu ayrildiktan sonra homojen ortamda olur.

Kdl oraninin yuksek olmasi kul toplama sistemi ve isI transfer yluzeyleri agisindan istenmez.
Table 2.6 Fuel-specific ash content of biomass fuels

Biomass fuel used Ash content
Bark 5.0-8.0
Woodchips with bark (forest) 1.0-2.5
Woodchips without bark (industrial) 0.8-1.4
Sawdust 0.5-1.1
Waste wood 3.0-12.0
Straw and cereals 4.0-12.0
Miscanthus 2.0-8.0
Olive residues 2.0-4.0

Explanations: Ash content in wt% (d.b.), ash content measurement according to ISO 11711981 at 550°C.
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Kullanimi Uzerine Bazi Notlar

Kuildeki Ca ve Mg kil ergime sicakhigini arttirirken, K ve Na azaltmaktadir.

Saman, tahil, ot ve zeytin atiklari, odun ve kabuklardan daha az agir metal igcerir. Bunun
nedeni ise uzun surede agir metallerin birikebilmesi ve orman zeminin Ph’inin agir metal
¢ozilmesine uygun olmasidir.

TABLE 3.2: BICOMASLSS POWER GENERATION TECHNOLOMGIES AND FEEDSTOCK REGMREMENTS

Blomoss
COMmarsion

technology

Stokar grote boikars

Huidisad bad
combustor (BFE or CFE)

Co-firing: pubmsarised
Codl Dojler
Co-Tiring: stokers,
Muidised Dad

Fixed Dad [updiar
gasifier

Downdraft, moving bed
gasitiar

Circulating Tluidised
bad, dual wassel,
gasifier

Anarobic digestars.

| Most wood and chipped

Sorwedust, nOn-sTingy Dark,
shchvings, end cufs chips, hog
fuel, bogassa, o nusks-and
athear agiicultural e siduss

Bogossa, low alkali contant
fuals, mosthy wood residuas
with high rmaisture confant,
other. No flour or sTHngy
miatanials

Sorandust, non-stringy Dark,
SNCvings, Tlour, sander Just

Sowrdust, non-stringy bark,
SNCings, Tlour, hog Tuel,
bogosse

Chippad wood OF Tog fual, foo
hulls, dried sewage sludge

Wood chips, peliets, wood
SCrapas, nut shalis

ogrlcultunal residuss but no
flour or stringy maerials

Anirmdal manures & bedding,
food processing rasiduas, MW,
othar INAUSTTy Organic residuas
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Parficle
size
requirements

& — 50 mm

< B0 rmim

< & i

< 72 mim

& =100 iy

< 50 mm

| &-50mm

| na

Muoistum Averoge
content capacity
requirments range
(wet basis)
0-60% 4 1o 300 MW
marmy in 20 1o
50 MW ronge
< &0% Up 1o 300 MW
(Mony at 20 1o
25 MW
<254 Up fo 1500 MW
W0 - 50% Up to 300w
| <20% 5 10 90 MW.. +
up o T2 MW,
< 15% - 25-100 kW
. 15- 5':]'1 . -5_]ﬁwlr
| 45% 10 999%
liquia depan-
ding an typa
(i Trom 00 10
35% sollds)

SOURCE: US EPA, 2007
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BIOMASS YAKMA SISTEMLERI Energy Enginesrin

Izgara lizerinde yakma yliksek nemli, degisken boyutlu ve
yuksek kul oranl yakitlar igin uygundur.

Stokerli yakma sistemleri 6 MWth kapasiteye kadar

kullanilabilir. Stokerli yakma sistemleri dusuk kul miktarl st ap s
(Talas, pellet vs) ve kuguk partikul boyutlu 0-50 mm yakitlar

icin uygundur. Yuksek kul miktarl ve diisiik ergime sicakli R
yakitlar problem yaratabilir. 9\4\, ! || B ass v buvosas

Akigkan yatakli yakma sisteminde yatagin %90-98’ini yatak

malzemesi olusturur. Hava fazlaligi CFB i¢in %10-20, BFB igin
%20-30 civarindadir. Yatak sicakligi Nox ve kil sinterlenmesi
agisindan 650-900 oC arasindadir. lyi karisimdan dolayi yakit
turune ve kalitesine daha esnektir. Akigkan yataklh kazanlar
digerlerine gore daha uzun surede rejime girer. (8-15 saat)

20 MWth kapasiteye kadar kabarcikl sistem (BFB)

kullanilabilir. Yatak malzemesi kum olup, 0-1 mm arasi

boyuttadir. Biomass yatagin ustiine degil icine beslenmelidir.
(Komiure gore daha reaktif oldugu igin) Yataga beslen hava
%35 e kadar olabilir, yanma sicakhgi dusuk olup dusuk kil ..
ergime sicakl yakitlar1 yakabilir. Kismi yuk orani %60-100 e el g
arasi olabilir. \,g, -

Akigkanlastirma hizi arttirilarak (10 m/s) ve yatak malzemesi
boyutu dusurulerek (0.2-0.4 mm) sirkiulasyonlu sistem (CFB) P ar " V/—\
olusturulur. Kabarcikliya gore daha buyuk boyutiudur, daha het e | j
pahalidir, daha dusuk boyutlu yakit ister (0.1-40 mm)

Dolayisiyla yakit isleme maliyeti ¢ikabilir. CFB sistemler 30

MWth lizerindeki kapasitelerde uygun olmaktadir.

FAWAWWAVAWAWAWAVAWAY
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BIOMASS YAKMA SISTEMLERI Rnergy Engines

Pulverize yakma sistemlerinde talag benzeri yakitlar yakilabilir
fakat yakit kalitesi ok degismemelidir.

Yakit boyutu 20-30 mm’ye kadar c¢ikabilir, nem orani maks.
%20 olmahidir. Yakit tagima havasi ayni zamanda primer
havadir.

Yakit boyutu ufak ve yanma hizli oldugundan ani yuk
degisimlerinde basarilidir. Hava kademeleme ile dusuk hava
fazlalhigi (1,3-1,5) Nox saglanabilir.

GUC URETIMI

*
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BIOMASS YAKMA SISTEMLERININ KARSILASTIRILMASI - 1

Table 5.1 Overview of advantages, disadvantages and fields of application of various

biomass combustion technologies

Advantages

Disadvantages

Grate furnaces

* low investment costs for plants < 20MW,,

» low operating costs

* low dust load in the flue gas

» less sensitive to slagging than fluidized bed furnaces

Underfeed stokers

* low investment costs for plants < BMW,,

* simple and good load control due to
continuous fuel feeding and low fuel mass
in the furnace

* |ow emissions at partial load operation due
to good fuel dosing

* low flexibility in regard to particle size

BFB furnaces

* no moving parts in the hot combustion
chamber

* NO, reduction by air staging works well

* high flexibility concerning moisture content
and kind of biomass fuels used

* low excess oxygen (3—4 Vol%] raises
efficiency and decreases flue gas flow

usually no mixing of wood fuels and

herbaceous fuels possible {only special
constructions can cope with such fuel mixtures)
efficient NO, reduction requires special technologies
(combination of primary and secondary measures)
high excess oxygen (5—8vol%) decreases efficiency
combustion conditions not as homogeneous as in
fluidized bed furnaces

low emission levels at partial load operation require
a sophisticated process control

suitable only for biomass fuels with low ash
content and high ash-melting point (wood fuels)
(< 50mm}

* high investment costs, interesting only for
plants > 20MW,

* high operating costs

» reduced flexibility with regard to particle size
(< B0mm)

e utilization of high alkali biomass fuels (e.qg.
straw) is critical due to possible bed agglomeration
without special measures

» high dust load in the flue gas

 |oss of bed material with the ash without special
measures

www.enevaenerji.com.tr
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BIOMASS YAKMA SISTEMLERININ KARSILASTIRILMASI - 2

Advantages

Disadvantages

CFB furnaces

* no moving parts in the hot combustion
chamber

* NO, reduction by air staging works well

 high flexibility concerning moisture content
and kind of biomass fuels used

* homogeneous combustion conditions in
the furnace if several fuel injectors are used

* high specific heat transfer capacity due to
high turbulence

e use of additives easy

o very low excess oxygen (1-2vol%) raises
efficiency and decreases flue gas flow

Pulverized fuel combustion
* low excess oxygen (4—6vol%) increases efficiency
¢ high NO, reduction by efficient air staging
and mixing possible if cyclone or vortex
burners are used
¢ very good load control and fast alteration
of load possible

high investment costs, interesting only for
plants > 30MW,,

high operating costs

low flexibility with regard to particle size
(< 40mm)

utilization of high alkali biomass fuels
(e.g. straw) is critical due to possible bed
agglomeration

high dust load in the flue gas

loss of bed material with the ash without
special measures

high sensitivity conceming ash slagging

particle size of biomass fuel is limited (< 10—20mm)
high wear rate of the insulation brickwork if
cyclone or vortex burners are used

an extra start-up burner is necessary

www.enevaenerji.com.tr
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BIOMASS ILE GUGC URETiIMi VE KOJENERASYON

Table 6.1 Closed processes for power production by biomass combustion

Working Engine Typical size Status
medium type
Liquid and Steam turbine 500kW, — 500MW, Proven technology

vapour (with
phase change)

Gas
(without phase
change)

Steam piston engine
Steam screw engine

Steam turbine with
organic medium (ORC)

Closed gas turbine
(hot air turbine)

Stirling engine

25kW, — 1.5MW,
Not established,
estimated range from
500kW, — 2MW,
400kW, — 1.5MW,

Not established, similar
size as steam turbing,
probably large due to
cost and efficiency
TkW. — 100kW.

Proven technology

One demonstration plant

with 730kW, and turbine

from commercial screw compressor
Some commercial plants with
biomass

Concept and development

Development and pilot

Tipik buhar basinglar1 50 — 60 bar, sicakligi 400-500 oC olup, verim %20-30 arasinda olabilir.
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BACK PRESSURE ILE KOJENERASYON VE VERIM ILISKILERI o eﬂ eva
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Table 6.2 Advantages and disadvantages of steamm turbines for use in biomass combustion

Advantages Disadvantages
s Mature, proven technology = Only limited efficiencies are reached in small,
* Broad power range available decentralized plants due to investment and
» Separation between fuel and thermal cycle, technology limitations

enabling the use of fuel containing ash = High specific investment for low power ranges
and contaminants * High operation costs for small and medium plants
* High pressures and temperatures can be * Low part-load efficiencies
applied enabling high efficiencies for large * \ariations in fuel quality lead to variation of
plants steam and power production
» (Co-firing of fossil fuels and biomass is » Superheater temperature (and therefore efficiency) can be
possible to enable high efficiency limited due to high temperature corrosion and fouling,

especially due to alkali metals, chlorine, and sulphur
s High-quality steam is necessary
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