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BIYOGAZ

Anaerobik aritma sistemlerinde biyogaz uretimi
Biyokimyasal metan potansiyeli
Biyogaz komposizyonu
Buswell esitligi
Biyogaz enerjisi
Dulong formilu
Kalorifik deger
Ust 1sil deger
Alt 1sil deger
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Anaerobik ayrismada biyogazin metan igerigi iki agidan énemlidir:
1. Gaz kullanma sistemlerinin tasarimi
2. Kitle dengesi

Biyogazin yogunlugu yaklasik olarak;

CH, =0,71kg /m®
%CH, . 100—%CH, 3 o
5 -x0,71kg /m’ + x1,96kg /m CO, =1,96kg / m?

formull ile hesaplanabilir.
%60 CH, iceren biyogazin yogunlugu 1,21 kg/m3 mertebesindedir.

Oksitlenmis karbon (inorganik karbon, +4 degerlikli)

CO, Enerji degeri yoktur.
Indirgenmis karbon UID= 55 MJ/kg = 40 MJ/m3=11,11 kcal /kg
Yandiginda eneriji aciga cikar AID= 50 MJ/kg = 36 MJ/m3=10,00 kcal/kg
~ Biyogaz= 22 MJ/m3=6,11 kcal /m3 ) :
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Anaerobik prosesin Uc trtnd; (I) atik camur, (II) antilmis atiksu ve (III) biyogazdir.

Biyogazin degerlendirilebilmesi icin Uc alternatif mevcuttur; (I) i1si Gretimi maksadiyla yakmak, (II) elektrik
enerjisi Uretmek ve (III) araclarda yakit olarak kullanmak.

Biyogazi degerlendirebilmek icin mutlaka temizleme ve depolama gibi 6n islemlere tabi tutmak gerekir.

Metan dogal gaz ile karsilastirildiginda oldukca yuksek kalorifik degere sahiptir.

Biyogaz Metan Dogalgaz (metan, propan
(%35 CO,+%65 CH,) ve biitan karigimi)
23 MJ/m3 35,8 MJ/m3 37,3 MJ/m3

Processing of Biogas?

e Storage

e Blower

e H,S Removal System

e Flare and Related Accessories
e Heat Exchanger

o Filter

e Flow Meter

e Freeze Protection

e Safety Controls
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Biyogaz sisteminin bilesenleri;

—Biyogaz 1sitma ve karistirma igin kullanilabilir ya da yakarak bertaraf edilebilir.

Biyogazin fazlasi ile;
—Reaktor ya da isletme binalari isitilabilir.
—Isi esanjorunde kullanilabilir.
—karistirma enerjisi olarak degerlendirilebilir.

Biyogazin patlama 6zelligi;

—Hava metan karisimin patlama araligi 20:1~5:1 (%15) mertebesindedir.
Biyogazin korozif 6zelligi;

—Karbondioksit karboksilik asit uretir.

»s

‘ Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




- Enerji degeri bazinda biyogazin sivilastiriimis propan gazi (LPG) ve kerosin ile esdeger bir yakit
oldugu,

- Tezege gore 4,5, odun komiiriine gore 1,6 ve oduna gore 2,25 kat daha fazla isi iirettigi
gorulecektir.

Kalorifik degeri daha diisiik olmakla birlikte, anaerobik ayrisma siirecinde olusan biyogaz, dogal
gaza benzerlik gosteren bir yakittir.

Vv Biyogaz dogal gaz icin tasarlanmis her tiirlii uygulamada kullanilabilir.

v 1 m2 biyogazdan (20 MJ enerji/m3 biyogaz kabulii ile):

Sadece elektrik: 1,7 kWh elektrik (%30 donusum verimi kabulu ile),
Sadece isi: 2,5 kWh 1s1 (%70 donuisum verimi kabul ile),

Kombine isi ve enerji: 1,7 kWh elektrik ve 2 kWh i1si

elde edilebilir.
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COD is a measure of the mean oxidation state of organic carbon (MOCQC), it is evident that the methane
yield also depends on the MOC. The relationship between COD and MOC is given by the equation:

KOI (mg /1)
TOK(mg/l)

MOC=4-1.5

The MOC of the carbon in different organic substances varies from a value of -4 (of methane, CH,) to +4 (of
carbon dioxide, CO,). The closer the MOC is to -4, the higher the methane yield. The values COD,
TOC and MOC of the feed material can be used for an estimation of the theoretical concentration of methane
in the biogas:

%CH,= 19 x COD/TOC = (4 — MOC)/8 x 100

The prediction of CO, gas formation is more complex since some CO, remains dissolved in the digester liquor
or is converted to bicarbonate as a function of alkalinity. The practical biogas yield in a digester will always
be lower than the theoretical due to the following factors:

e a fraction of the substrate will be used to synthesize bacterial mass;
e a fraction of the organic material will be lost in the effluent;

e lignin-containing compounds will only be degraded to a limited degree.
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ORNEK-METAN URETIMI

Substrat kaynagi olarak glikoz kabul edip, giderilen 1 kg BOI, basina
uretilebilecek metan gaz1 miktarini hesaplayiniz.

C6 H 12 O 6 —> 3CO 2 o 3 C H 4 . 5 6 adet C atomunun 3 tanesi tam olarak oksitlenirken,
Bu ne reaksiyonudur- 3 tanesi tam olarak indirgenmistir. Organik molekdiltin

bir kismi oksitlenirken, bir kismi indirgenmistir.

1809 1329 48¢
(O 0, = BT, 0710 Bu ne reaksiyonudur?
180g  192¢

3CH,+60, - 3CO, +6H,0
48g 1929 1329 48¢g

Bu ne reaksiyonudur?

m® CH,/kgKOI;, = MO AA L./ Mmof\ 0,35LCH, /g KOI 1 kg KOI giderildiginde
| 192 gKO/ ' 350 N | metan aciga
(0 °Csicaklik velatm basincta) han )
8
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Example
How much methane gas could be generated through complete anaerobic degradation of 1 kg COD at STP?

Solution

Step 1: Calculation of COD equivalent of CH,

It is necessary to calculate the COD equivalent of methane by considering its complete oxidation, as shown
in the following chemical equations:

CH,+20, - CO,+2H,0
16g 64¢

169gCH, =649 0O,

1gCH, =649 0,/16 =4gKOI

Step 2: Conversion of CH,mass to equivalent volume
Based on ideal gas law, 1 mol of any gas at STP occupies a volume of 22.4 L.

ImolCH, =22.4L
16gCH, ~22.4L
1 gCH, ~22.4L/16g=1.40L CH, ) 9
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Solution (devanu)
Step 3: CH4 generation rate per unit of COD removed
From Eqgs (1) and (2), we have:

19CH, =4g KOI = 1.40LCH,
1gKOI=1.40/4=0.35LCH,
1kg KOI =0.35m° CH,
So, complete anaerobic degradation of 1 kg COD produces 0.35 m3 CH, at STP.

Waste Type Reaction CH4 in
Biogas (%)
Carbohydrate (CeH1oOs),, + N H,0 — 3nCH, + 31CO, 50
Protein 4C,,H,4,0:N,+58H,0—33CH,+15CO,+19NH,*+16HCO; 69
Lipids 4Cs-H,0.0¢ + 28H,0 — 40CH, + 17CO, 70
Primary sludge C,oH;903N+4.5H,0 — 6.25CH,+3.75C0O,+NH3 62.5
Waste-activated sludge | CcH,O,N+3H,0 —2.5CH,+2.5CO,+NH; 50
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LIPID icin;
Biyokimyasal donilisum;
C.,H,,,0; +22,240H,0 — 1,440C.H.O,N
+36,400CH,, +14,840CO, +(—1,440) NH " +(~1,440) HCO,"

36,4

1. %CH, = ¥
4 T35 4114 84

71,04

Buswell esitligi;

C.,H,,,0, +28H,0 — 40CH, +17CO,

2. %CH, = e = A\ 8
40+17 2560
Aerobik oksidasyon; KOOB=4-15 — =-1614
X
C.,H..,O. +800 57/CO, +52H.0
il h Y R Wiadk 3.9CH, =[4—(~1,614)]/8x100

7018 >
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kadar metan aciga cikar?
|. Asetik astitin aerobik oksidasyonu

ve anaerobik fermantasyonu;
CH,COOH +20, — 2C0O, +2H.,0
609 649

60 g CH,COOH =64 gKO/

CH,COOH — CH, +CO,
60g 1mol
64 gKOI =1mol CH, = 22,4ICH,

1g KOI =0,35LCH,

ORNEK: Substrat kaynagi asetik asit oldugunda giderilen KOI basina standart basincta ve sartlarda ne

1. Metanin KOl esdegeri;
CH,+20, - CO, +2H.,0

1mol 64¢g

1mol CH, (22,4 LCH4) =64 gKO/

19 KOI =0,35LCH,

1 mol metan aci§a cikmissa 64 g KOI
giderilmistir.

Anaerobik proseslerde giderilen KOI
basina aciga cikan metan sabittir.

Y 20,35LCH4/gKO]g|d )12

CH, /KOl gy,
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ORNEK: Aktif camurlarin anaerobik stabilizasyonunda giderilen KOI basina standart basincta ve sartlarda
ne kadar metan aciga cikar?

| . Aktif camurun aerobik oksidasyonu I1. Aktif camurun anaerobik fermantasyonu;
C.H,NO, +50, - 5C0O, +2H,0+NH, C.H,O,N+3H,0— 2.5CH, +2.5CO, + NH,
1139 160 g 113g 2,5mol
113g C.H,NO, =160 gKO/ 160 gKOI =2,5mol CH, =2,5x22,4=56 LCH,
1g KOI = o LCH“. =S5 INGE
160 gKO/
YCH4/KOI'gid_ =0,35LCH, /g Kojgid.

)
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ORNEK CH.ON, +(4n—a—2b+3c} H.0 _)(4n+a—2b—3chH4 +(4n—a+2b+3cjcoz +CNH,
Primer camurlarin anaerobik clrutulmesi; . g &

C,0H1005N + 4.5 H,0 = 6.25 CH, + 3.75 CO, + NH;

reaksiyonuna gore gerceklesmektedir.

a) Primer camurlardaki karbonun ortalama oksidasyon basamagini (MOC) hesaplayiniz .

b) Primer camurlarin ¢lritildigi anaerobik clriitiiciye ait biyogazin metan icerigi hesaplayiniz.

c) Giderilen kg KOI basina aciga cikan metan miktarint m3CH,/kg KOigid_ cinsinden hesaplayiniz.

%CH,= 19 x COD/TOC = (4 — MOC)/8 x 100
MOC=4-1,5xKOi/TOK

GOZUM 2xn+0.5xa-1.5xc—b a—3xc

a) MOC icin, KOI ve TOK hesaplamir. &GN J{ 5 joz 2 I O S AN, +( > jHZO
Camurun oksidasyon reaksiyonu

C,0H100;N + 25/2 0, & 10 CO, + 8 H,0 + NH;

201 g/mol  25/2x32=400 g O,

KOI=400 g O,/mol primer camur (C,,H;505N)
TOK=10x12=120 g C/mol primer camur (C;oH,903N)
MOC=4-1,5xKOI/TOK = MOC=4-1,5x400/120=-1
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b) Biyogazin metan muhtevasi;

%CH,= 19 x COD/TOC = (4 — MOC)/8 x 100
%CH,= 19 x 400/120 = [4 — (-1)]/8 x 100
= 63.33 =62.5

c) Giderilen bir kg KOI basina aciga cikan metan miktarinin m3CH,/kg KOigid_ cinsinden
karsihigi;

Camurun oksidasyon reaksiyonu
C;oH1sO5N + 25/2 0, 8 H,0 + 10 CO, + NH;
201 g/mol  25/2%x32=400 g O2 _
X 1 kg KOI — X=0,5025 kg KOI/kg primer camur

Primer camurun (C,,H,,05N) 0,5025 kg'i, 1 kg KOI'ye esdegerdir.

Anaerobik curume reaksiyonu;
C,0H1505N + 4.5 H,0 & 6.25 CH, + 3.75 CO, + NH;

0,201 kg/mol 6,25%x22.4 =140 LCH, _
0,5025 kg X = X=0,350 m3CH,/kg KOIL;.
1 kg primer camur giderildiginde 0.35 m3 metan aciga cikar. ) 15

/m Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




1’

CH,+ 2,00, 2,0H,0 + co,

16 g CH, = 64 g KOI

6,25 CH, + 12.5 0,%12,5 H,0 +6,25 CO,

6,25%16 g CH, = 6,25% 64 g KOI

100 g CH, = 400 g KOI

250 g CH, = 1000 g KO1

250 g CH, = 1 kg KOI
1 mol CH, = 22.4 L (0 °C ve 1 atm)
16 gCH, = 22.4 L (0 °Cve 1 atm)
1gCH,=22.4L/16=1.4LCH,
250 g CH, =1 kg KOI = 1.4 L x250 = 350 L CH,
1 kg KOI = 0,350 m3 CH,

Baska bir yéntemle; Aciga cikan metanin KOI esdegeri hesaplanir.

6,25 CH, +12,50, = 6,25 CO, +12,5 H,0

100¢g 4009
2509 1000 ¢

1 mol CH, = 22.4L (0°C ve 1 atm)

16gCH, = 22.4L (0°C ve 1 atm)

19CH, = 224L/16= 14LCH,

250gCH, = 1kgKOI = 14L x250 = 350L CH,
1 kg KOI = 0,350 m® CH,
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ORNEK
Asadidaki biyokimyasal reaksiyona gore karbonhidratlar icin standart basing (1 atm) ve sicaklikta (0 °C)
giderilen 1 kg KOI basina agiga gikan metan gazi litre CH4/kg KOIL;4e iien Cinsinden ne kadardir?

(CH,O;), +nH,0=3nCH, +3nCO,

C.H,,0, +§O2 = 6CO, +6H,0

cOziM (C,H,,0;), +nH,0=3nCH, +3nCO,
164 ¢ 3 mol CH,

(C.H,0.). +nH,0 = 3nCH, +3nCO,

13 788.59 C,H,O. ymol CH,
CsH,O5 + ?Oz = 6C0O, +6H,0 x =14.42 mol CH,
164g 2089
X kg kg 1 mol CH, 22.4litre (0°C ve latm basing)
% =0.7885 kg C;H,,05/kg KOI 14.42 mol CH, =323.1 litre
(0.7885 kg C¢H,,0, =1kg KOI) _ 0323 m° ) 17
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ORNEK
Consider the treatment of a wastewater with the following characteristics:
= temperature: 26 °C
= flow: 500 m3/d
= composition of the wastewater:
Sucrose (C,H,,04;): C = 380 mg/L,Q = 250 m3/d
formic acid (CH,0,): C = 430 mg/L, Q = 100 m3/d
acetic acid (C,H,0,): C = 980 mg/L, Q = 150 m3/d
Determine:
(a) The final concentration of the wastewater in terms of COD;
CcOzUM
By balancing the oxidation reactions of each of the compounds of the waste-water: concentration of COD in
the sucrose

C,H,,0,,+120, =12C0O, +11H,0
3424........... 384

380Q............ 1 gCOD = y =427mg COD/L
COD load due to thesucrose

250m°/d x 0.427 kg COD/m° =106.8 kg COD/d
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concentration of COD in the formic acid

CH,0, +0.50, = CO, +H,0

430mg/ L.. .xgCOD = yx =150mg COD/L
COD load due to formic acid:

100m®/dx0.15 kg COD/m® =15 kg COD/d

concentration of COD in the acetic acid

C,H,0, +20, = 2CO0O, +2H,0

980mg/ L...x gCOD = v =1045mg COD/L
CODload duetoaceticacid;

150m*/d x1045 kg COD/m’ =156.8kg COD/d

final concentration of the waste in terms of COD

Final concentration — Totd10ad _ 1068+15+156.8kg COD/ _ 278,6kgCODII _ o ooy - oy

total flow 500 m3/d 500 m3/d ) %
=557 mg/L
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(b) The maximum theoretical methane production, assuming the following yield coefficients for acidogenic and
methanogenic organisms:

Y,qq = 0.15 and

Ymethane=ol03 g CODceI/g CODremoved.

The maximum theoretical production occurs when the removal efficiency of COD is 100%, and there is no
sulphate reduction in the system
e COD load removed in the treatment system:

278.6 kg COD/d (100% efficiency)

e COD load convened into acidogenic biomass:
COD, 4= Yaaq X 278.6 = 0.15 x 278.6 = 41.2 kg COD/d

e COD load convened into methanogenic biomass:
CODethan= Ymethan X (278.6-41.2)=0.03x237.4=7.1 kg COD/d

COD load converted into methane,
COD4=total load-load converted into bimass=278.6-(41.2+7.1)=230.3 kg COD/d
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Estimated production of methane;
0.35 m3 CH,/kg KOI ;4 x230.3 kg KOI/giin=80.6 m3/gin (STP)

cOD CH, PxK

V., = K(t) =
K@) ) R(273.15+T °C)

R=0.08206 atm-L/mol-K
K: 1 mol CH,’a esdeger KOI (64 g KOI/mol metan)
T: isletme sicakhgi

~230.3kg KOl/giin
2,61 kgKOI/m’

=88.2 m’/giin

)
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100 CHs ]
0CO:2
Methanol, Methylamine
Fats
E‘E Algae, Bacteria
h Proteins
= 50 CHs .
= — Carbohydrates, Acetic acid
= 50 CO:
=
= . .
= Citric acid
=
a - -
g Formic acid
o Carbon monoxide
Oxalic acid
0 CH4
100 CO:3 | | | Urea
-4 -2 0 +2 +4

Mean oxidation state of carbon

FIGURE 2.4 : Composition of the biogas depending on the mean oxidation state of

OKM (ODM) icerisindeki C ve H orani
arttikca biyogazin metan icerigi
artarken, O atomu arttikga duser.

) X2




Kimyasal Formiil Molekiil yapisi MOC %CH,
bilesen .
Oksalik Asit HO,CCO,H OH +3 12
C,H,0,, OH
(COOH),, O
HOOCCOOH
Karbonhidrat | (CgH,0s), 0 50
Protein Ci1H540:N, 69
Yaglar Ci6H550, 71,8
256 g/mol
Metanol CH5OH -2 77

p X
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Component Formula MOC % CH4

Carbohydrates  CH,,0Os
Proteins Ci6H540:N,
Fatty acids Ci6H3,0,
Municipal sludge C;,H;40O3N
Ethanol CH5CH,OH
Methanol CH5OH
Benzoic acid C¢H;COOH
WAS C:H,O,N
Lipid Cs7H10406
Carbohydrate CgH10Os
Lignin CeH1005
Asetik asit C,H,0,

) X
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TasLE 19.2  Typical expected gas yields and methane content from the anaerobic

digestion of various wastes

Material Gas yield Methane
(m’ kg™ DS) (% volume)

Sewage sludge (municipal) 0.43 73
Dairy waste 0.98 75
Abattoir: paunch manure 0.47 74

blood 0.16 51
Brewery waste sludge 0.43 76
Potato tops 0.53 75
Beet leaves 0.46 3D
Cattle manure 0.24 30
Pig manure 0.26 31

)
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In practice, the methane potential in manure is assessed on the basis of the content of volatile solids in the
manure and empirical standards for the production of methane per kg of VS. This has been 290 litres CH,/kg of
VS in pig manure and 210 litres of CH,/kg of VS in cattle manure

Table Stoichiometry for biogas production based on available organic substrate as
chemical oxygen demand

1 mole CH, |2 moles O, on combustion equal to 64 g COD has a volume of 0.0224 m3

1 kg COD produces 0,35 m3 of CH,
1 kg CH, equal to 4 000 g of COD has a volume 1.4 m3
1 m3 CH, equal to 2,850 g COD
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TaBLE 19.3  Gas yield and composition of biogas produced by the digestion of
carbohydrates, proteins and lipids

Substrate Gas yield (m? kg™1) Composition
% CH, % CO,
Carbohydrates 0.8 50 50
Proteins 0.7 70 30
Lipids 1.2 67 33
Fat (based on Cs7H0406) = 1014 m® CH / ton VS (11)
Protein (based on CsH;0,N) =496 m®’ CH, / ton VS (12)
Carbohydrate (based on (CsH,00s)n =415 m® CH4 / ton VS (13) )
27
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A more accurate estimation of methane production per unit time can be obtained
by using:

G = 0.35(L — 1.425,) (19.9)

where G is the volume of methane produced (m?day™!), L the mass of ultimate
BOD removed (kgday ') and S, the mass of volatile solids accumulated (kgday ™).

)
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_ ORNEK-1
BiYOGAZ URETIMI

) X
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a ..
ORNEK: Biyogaz uretimi

(Kaynak: Davide Dionisi, (2017) Biological Wastewater Treatment Processes: Mass and Heat Balances, CRC Press, Taylor &
Francis Group, 6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742, P. 417, Revize edilmistir)

Bir anaerobik dolgulu yatakli reaktérde 10 000 m3/giin debi aritiimaktadir. Ham atiksuyun KOI'si 20 kg/m3'tir.
Reaktor cikisinda aritilmis atiksuyun toplam biyokiitle konsantrasyonu (X.) 80 mg/I ve ¢6ziinmiis KOI
konsantrasyonu 3 kg/m?3'tlir. Reaktor cikisindaki biyogaz fazinin sadece metan ve karbondioksit oldugunu ve
biyogazin %50 metan oranina sahip oldugunu kabul ederek ginlik metan ve biyogaz iretimini 0 °C ve 20 °C
icin hesaplayiniz.

cOzUM

I. Reaktér girisi KOI yiikii=10 000 m3/giin x 20 kg/m3=200 000 kg KO1I/giin

ii. Reaktdr cikisi KOI yiikii=10 000 m3/giin x (3,0 kg/m3+0,08 kg/m3x1,42)=31 136 kg KOI/giin

iii. Metan Uretimine esas giderilen KOI=200 000 kg KOI/giin - 31 136 kg KOi/giin=168 864 kg KOI/giin
1 kg KOI giderildiginde 0,35 m3 metan olusur.

iv. 864 kg KOI/giinx0,35 m3 CH,/kg KO = 59 102 m3/giin (0 °C ve 1 atm)

63 429 m3/giin (20 °C ve 1 atm)

V. Qgiyogaz=29 102 m3/glin (0 °Cve 1 atm) /0,5 = 118 204 m3/giin (0 °C ve 1 atm)
126 859 m3/giin (20 °C ve 1 atm)
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ORNEK: METHANOGENESIS STOICHIOMETRY (Environmental Biotechnology-Principles and
Applications Bruce E Rittmann Perry L McCarty, p 145)

Based upon analysis of its organic carbon, hydrogen, oxygen, and nitrogen content, the
representative empirical formula of C;H,,0;N was developed for organic matter in an
industrial wastewater, and, from the same analysis, the organic concentration was found to
be 23,000 mg/l. For a wastewater flow of 150 m3/d, what is the daily methane production
from the wastewater in m2 at 35°Cand 1 atm and methane percentage in the gas produced
if the waste were treated anaerobically by methane fermentation? Assume fs is 0.08, the
process is 95 percent efficient at removal of organic matter, and all gases formed evolve to the
gas phase.

COzZUM:

First, an electron-donor half-reaction for the wastewater needs to be developed, Applying
Equation O-19 of Table 2.3 and the empirical formula (CgH;703N) give Ry:

Ry: ] NH++iHCG_+iF(} +H" +e” — L'Z: H GN+iH O

o4 Tao T3 T 4 BTN 55 72

The quantity of organic matter removed per day = (.95(23 kgr’ma}(lﬁi} m3/d) = 3,280 kgfd.

Using fe = 1 = f; = 1 — 0.08 = 0.92 and the half-reaction for CO> to CHy4 as the
electron acceptor reaction O-12 from Table 2.3, we develop R:
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Table 2.3  Organic halfreactions and their Gibb's free energy
Reaction Reduced
Mumber Compounds Half-reaction AGY klfe™ eq
0-1 Acetate: El COh -+ é HCO; +H 4+ e” % CH3COO0™ + % H; O 2740
0-2 Alanine: ICI’}g + L heor + et + D gtr e = L cmacunmacoom + - Ha0 3137
' 6 12 iTnR AT 12 0 2 12 2 '
1 | 1 13
0-3 Benzoate: 5 €02 + 35 HCO;y +HY+e” = 35 C6HsCO0™ + 35 Hy0 27.34
0-4 Citrate: é co; + % HCO; +H' 4 e” lg (COO™)CH;COHCOO JCH;C00 ™ + — ch- 33.08
Q-5 Ethanol: ﬁl COa+H e = —_} CH:CH2OH + 5 HzOr 31.18
1 _ - 1 3
O-fi  Formate: 5 HCOy +H e = 5 HCOO™ + 3 L H,0 39.19
0-7 Clucose: :iv COy + HY 4oe™ EHL CaHp20g + - HgD 41.35
1 N\ 1 1
0-12 Methane: EED’Z‘FH + € = ECH‘H_E H2O
0-20 Cell Synthesis: ] COy + 1 NH + — HCOZ +HY+e" CsH702N 4+ — H 0
- . — 3
Y 5 V2 5p M g TR zn A 20
n—c ¢ P _ 1 n—b+c
0-19 Custom ( ) COy + — NHI + — HCE}j +HY+e” =-— CyHaOpN; + ———— H20
) i d i d d
Organic Half 82
Reaction: where, d = (4n 4+ a — 2b — 3¢)
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—c : 1 2n — b+
0-19  Custom L - ) o, + = NH + 2 HCOy +H ¢ = - CuHaOpNe + ———— H20
Organic Half
Reaction: where, d = (4n 4+ a — 2b — 3c)

feRg: 0.115C02 +0.92HT 4+0.92e™ — 0.115CHy + 0.23 H20
fiRe: 0.016 CO; + 0.004 NH; + 0.004 HCOZ + 0.08 HT + 0.08 e~ — 0.004 CsH;0,N + 0.036 H,0
=R 0.025 CgH 703N + 0.35 H20 — 0.025 NH; + 0.025 HCO +0.175CO2 + H + e

0.025 CgH;703N + 0.084 H>,O —
O3
0.004 CsH702N + 0.115 CHy + 0.044 CO; + 0.021 NHJ + 0.021 HCOj

The formula weight of CgHj703N is 175, and the equivalent weight is 0.025(175), or 4.375 g.
Methane fermentation of one equivalent of organic matter produces 0.115 mol methane and
0.044 mol carbon dioxide. Thus,

Methane produced = [{273 + 35)/2731[0.0224m> gas/mol][3,280,000g/d][0.115 mol/4.375 g]
= 2,180 m” /d
Percent methane = 100[0.115/(0.115 4 0.044)] = 72 percent

)
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0.025 CgH 703N + 0.084 H,O —
0.004 CsH70,N + 0.115 CHy + 0.044 CO; + 0.021 NHJ + 0.021 HCO;

1mol C,H,,O,N =175¢
0,025molC,H,,O,N =4,375¢
4,3759 C,H,,0,N =0,115mol CH,
(230009 / m* x150m° / giinx 0,95 ) g C,H,,0,N(32775004) = 86151, 4 mol CH,
1molCH, =22,41
86151, 4mol CH, =1929791,4ICH,
=1930m° CH, (0° C ve 1atm)

273,15K =1930m° CH, (0° C ve latm)

(273,15+35°C)K = 2177,3 m*CH, (35°C ve 1atm)
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Biyokimyasal metan potansiyeli; _
1. Enerji dengesi ‘ BiYOENERJi
2. Elementel analiz ve Buswell esitligi ?
3. Biyokimyasal kompozisyon yaklasimi
4, KOI-UKM iliskisi
5. Deneysel yontemlerle olglilerek
Yontemlerinden biri veya birkacl ile tesbit edilebilir.

(Biyogaz)

OH OH O
OH Fotosentez yoluyla biyokiitle

H GLIKOZ liretimi: CO,, H,0, inorganik
tuzlar ve glines enerjisi
OH  OH kullanilarak kompleks organik
maddelerin metabolik sentezidir.

6CO, +6 H,O +Guney 5181 - C.H,,0; + 60,

p X
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: Cy¢ sH3; ;09 sN)
(1) Metan uretiminin enerji dengesine gore tahmini;

Yiyecek atiklarinin enerji muhtevasi ~ 20,74 MJ/kg UKM = 4953,43 kcal/kg
Metanin enerji muhtevasi ~ 37,8 MJ/m3 = 9027,94 kcal/kg

1 kg UKM = 20.74M]
549 L CH, / kgVsS

im’ 37,80MJ
X 20,74 MJ

~20,74MJ x1m®
37,80MJ

X =0,5486m°> =5491CH, / kg UKM

%CH, =7

) 2o
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3; ;09 sN) (devami)

(2) Buswell esitligine gore metan liretimi;
Yiyecek atiklarinin ampirik formuld: Cyg s H3q 5 Ogs N
Buswell esitligi;

533 L CH,/ kg UKM

(4n—a—2b+3cj

CO, +cNH,

H,0 —> CH, +

(4n+a—2b—30) (4n—a+2b+30j

C.H.ON_+

n=16,5 CiesH3,04sN+4,70H,0 — 9,40CH, +7,10CO, +1,00NH,

a=312

0=95 395 2 84,60 150,4 312,4 17
N 479,8 4798
395,29 YA 9,4mol CH,
10009 YA A
= 23,7854 molCH
x ; 076 ol e o B o
~=23,7854mol x 22,41 /mol =533LCH, 9,40+7,10
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3; ;09 sN) (devami)
(3) Giderilen UKM ve KOI iliskisi ile biyogaz debisi;
1 kg KOI = 350 L CH,;
533 L CH,/ kgVS

C.H,ON, +(2xn+0.5xa—1.5xc—bjoz —nCO, +c¢ NH3+(a_3XCjHZO
2 2
CyesHs; 00N +18,80, —16,5CO, + NH, +14,1H,0
395, 2 601, 6 ZZ6 17 253,§

4 996,8 g 9968
395, 2kgUKM (C,, ;H,,,0,sN) =601,6 kg KO/ 1kg KOI =350/ CH,

1kg kgUKM (C,s Hy,,0, N) =1,522kg KO/ 1,522kg KOI =533ICH,
%CH, =19xCOD /TOC — (4 —MOC)/8x100
%CH, =19%x601,6/(16,5%12) —[4—(~0,558)]/8x100

=57,73 = 506,98 Glikoz igin %CH,=?
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3; ;09 sN) (devami)

(4) Biyokimyasal Donusum Modeli (Bruce E. Rittmann and Perry L. McCarty
Environmental Biotechnology: Principles and Applications, McGraw-Hill Series

485 L CH, / kgVsS

C,H.ON. +(2xn+c—-b-0.45xdx f,-0.25xd x f,)H,O0 —>
(0.05xd x f,)C,H,O,N +(0.125xd x f,)CH, + (n—c—0.20xd x f —0,125xd x fs,)CO, +(c—0.05xd x f)NH +(c—-0.05xd x f,)) HCO,

CHON +AH,O0=BCH.ON+CCH,+DCO,+ENH, + F HCO;

n=165 d=4n+a—-2b—-3c

si= SaL

ar A=ZhicMh- BN @ bon-c-SB 0 _geug
e 20

o d fs d fs

= B =— = 0;3008 E =C——=0,699

=5 2 20 20

fe=0,08

fs =0,92 C=¥=8,648 F:C—dz—(f)sz(),Ggg 5
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3; 09 sN) (devami)
(4) Biyokimyasal Donusum Modeli (devami)

Cyq sHay,0,sN +4,497H,0 —> 0,3008C,H,0O,N
+8,648CH, +5,649CO, +0,699NH," +0,699HCO,"

395,2 gUKM (C,, (H,, ,0,.N) =8,648mol CH,
8,648mol CH, =8,648x22,4=193,72 | CH,

395, 2kgUKM (C,, ;H,, ,0,N) =193, 721 CH,
1gUKM (C,, sH3,,0,sN) = 0,491 CH,
1kgUKM (C,,.H,, ,0,N) =4901CH,

06CH, = — > RNC 00 9460, 50
8,648+5,649 p X
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Maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3; ;09 sN) (devami)
(5) Deney yontemi: Biyokimyasal metan potansiyeli

=1

380 —_
L o
- ]
_'.ff' 300 - d s —.:.
= =0
a 250 F E
2 =  Chao LiEmail authorView
2 an =2 ORCID ID profile, Gangjin Liu,
BT J = Ivo A. Nges, Liangwei Deng,
; o E Mihaela Nistor and Jing Liu,
= o
E 1, 2  Freshbanana pseudo-stems
5 100 - 2  as a tropical lignocellulosic
5 =  feedstock for methane
-g so L Z  production, £nergy,
E ' la Sustainability and Society
~ 0 I I I I I I L | 20166:27

0 5 10 15 20 25 30 35 https://doi.org/10.1186/S887,

05-016-0093-9

Timc (days)
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Tablo Farkli metodlara gore maksimum teorik metan uretimi (Yiyecek atiklari uygulamasi: C;¢ sH3z; ;09 sN)

Metan Uretimi | L CH,/kgUKM  %CH, Reaksiyon

1. Enerji
dengesine 549 -
gore
2..Blfyvell ) £33 56,97 CnHaObNC+(4n_a_2b+3CjHZO—>(4n+a_2b_3chH4+(4n_a+2b+3CjCOZ+cNH3
esitligine gore
3. Giderilen 95
: n+0.5xa-1.5xc-b a—3xc
UKM ve KOI 533 57,73 CnHaObNC+( > }Oz —>nCO, +c NH3+(T)H20
iliskisi
4. C,H.ON +(2xn+c—-b-0.45xdx f,-0.25xd x f,)H,O0 —
Biyokimyasal 490 60,50 (0.05xd x f,)C.H,O,N +(0.125xd x f,)CH, +(n—c—0.20xd x fs—0,125xd x fe) CO,
Donusum +(c—-0.05xd x f)NH; +(c—0.05xd x f.) HCO,
5. BMP Deney yaparak sonuglari raporlanir.

Bu reaksiyonlarin yorumu?
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- |
ORNEK: Biyogaz Uretimi (Kaynak: Samir Kumar Khanal, (2008) Anaerobic biotechnology for bioenergy
production: principles and applications, John Wiley & Sons, Inc. ISBN: 978-0-813-82346-1, p276)

Debisi 7600 m3/giin olan gida sanayi atiksularinin aritildigi bir anaerobik reaktérden 37 °C'de 2500 m3/giin
biyogaz agiga gikmaktadir. Biyogazin CH, icerigi %65'tir. KOI cinsinden organik yikl hesaplayiniz. Aritma verimi
%083 olduguna gore ham atiksuyun KOI'sini hesaplayiniz.

cOzUM:
1. GUnluk dretilen CH, (1 atm ve 37 °C)=2500 (m3/giin)x0,65=1625 m3/giin
2. Metan uretimi (STP); CH,=1625 (m3/giin) x 273,15/(273,15+37)=1431 m3/giin
3. Birim metan iiretimi=0,35 m3 CH,/kg KOI;, (1 kg KOI , icin 0,35 m3 CH, aciga cikar)
KOl =1431 (m3/glin)/0,35 (m3 CH,/kg KOI,,)=4089 kg KOI, /giin 100 83
4. Reaktore bes_lenen organik yuk; _ ¥ 4088
4089 (kg KOI4 /gin) x 100/83 = 4926,48 kg KOI/gun
y =4925
Kontrol
Toplam KOI=4926,48 kg/giin
KOI,4.=0,83 x 4926,48 (kg/glin)=4089 (kg KOI ;. /giin)
Q-CH,= 4089 (kg KOI4/giin) x 0,35 (m3 CH,/kg KOI;)=1431 m3/giin (STP)
=1625 m3/giin (1 atm ve 37 °C)
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Anaerobik proseslerde ;

Spesifik metan Uretiminde maksimum bir Ust limit var midir?
Biyokimyasal reaksiyonun maksimum hizi var midir?

Biyokimyasal reaksiyon hizi artirilabilir mi?

Biyokimyasal prosesin isletme parametreleri nasil optimize edilebilir?
Biyokimyasal proseslerdeki mikrobiyal aktivite nigin sigmoidaldir?
Prosesin biyokimyasi nicin onemlidir?

N TR RS I

p X
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Baslica Kaynak:
http://www.valorgas.soton.ac.uk/Pub docs/IJyU%20S5%202013/VALORGAS JvU 2013 Lecture%202.pdf
Erisim: Agustos 2017

p X
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Kalori (sembol: cal):
Bir kalori, 1 g suyun sicakligini 1 °C yikseltmek icin gerekli i1si enerjisidir.

Joule (sembol: J):
Joule enerji birimi; J=N'm=W-sn=C'V

Bir joule su sekilde tanimlanir:
®" 1 m mesafeye 1 N kuvvet uygulamasi ile ortaya cikan is 1 J'dir.
® 1 sn sliresince 1 W gug ile yapilan is 1 J'dur.
® 1 C elektrik ylkinu hareket ettirmek icin 1 V elektrik potansiyeli ile yapilan is 1 J'dir.

1 cal =4.187J

1J=1W-s

1kWh= 3600kW-s= 3600kJ= 3600000 J=3.6 MJ
1kJ= 1x10°J; 1 MJ = 1x10°J; 1 GJ = 1x10°J;
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Anaerobik proseslerde ;
1. Kinetik (hiz)
2. Termodinamik (potansiyel)

0,30 ] 1+0 Potansiyel

=

[\

()
|

CH4-C, g/gTOKO0
N
— (o
N -]

0,10 -
0,05 -
0,00 —(P ' I ' I I | I I I I ' I ' | I |
O 10 20 30 40 50 60 70 &0
Zaman, gun ) 3
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Kimyasal bag enerijileri (kcal/mol, 298 K)

C N (0 F Si P S Cl Br I

H— 98,8 93,4 110,6 134,6 70,4 76,4 81,1 103,2 87,5 71,4
C— 83,1 69,7 84 105,4 69,3 62 78,5 65,9 57,4

= 147 147 174 114

= 194 213
N— 69,7 38,4 64,5 47,7

= 147 100
N= 213 226
0 — 84 33,2 44,2 88,2 48,5

= 174 118,3

Bu bag enerjileri her molekdil icin tam temsil edici olmamakla birlikte, cogu molekiil icin ortalama degerlerdir.

p X
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Elementel Analiz
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Dulong Formiilii (Walter R. Niessen, (2010) Combustion and Incineration Processes: Applications in
Environmental Engineering, Marcel Dekker, Inc., 270 Madison Avenue, New York, NY 10016, p121)

Sadece organik kisim enerji ihtiva eder.

kJ / kg (kurubazda) = +33700x %C (agirlikca karbon fraksiyonu)
+141900%x %H (agirlikca hidrojen fraksiyonu)
—17738x%0 (agwrlikca oksijen fraksiyonu)
+23000x % N (agwrlikca kukurt fraksiyonu)
+9300x %S (agiriikca kukurt fraksiyonu)

kcal / kg (kurubazda) = 8080x%C (agiriikca karbon fraksiyonu)

It is assumed that

+34460 x %H (agwrilikca hidrojen fraksiyonu) the calorific values
—4308x %0 (agiritk¢a oksijen fraksiyonu) Zf 8080 kcal
+549%x %N (agirlik¢a azot fraksiyonu) H:34500 kal

51

: S: 2240 kca/.)
+2250x %S (agwrlikca kukirt fraksiyonu)
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ORNEK: Atiklarin kalorifik degeri

(Walter R. Niessen, (2010) Combustion and Incineration Processes: Applications in Environmental Engineering, Marcel Dekker,
Inc., 270 Madison Avenue, New York, NY 10016, p121)

Bir organik atik numunesinin kompozisyonu;
" Organik C: %48,85

" Inorganik C: %0,83

" H: %6,61

" 0: 9%35,94

[ |

[ |

N: %1,03
S: %0,1
" Kil: %9,4
seklindedir. Dulong formiiline gore organik atiklarin st isil degerini hesaplayiniz.

Dulong Formuli;
[S(COD

UID, kI / kg=33700% - +141900x (- 0,125 ) — 3545 +2300% - +9300x
100 100 100 100

100
DO 0495329y 3545, 993 5300 193, g3ppx 2t
100 100 100 100 100

—19470 kJ'7kg = 4650 kcal / kg

=33700x i
100

+141900 % (

pE
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Termometre
Kalorifik deger: yanma isisi i

Birim miktar maddede bulunan kimyasal enejidir. Karigtiric

Maddenin oksijen ile yanmasi sonucu aciga ¢ikan isinin
Olculmesi ile belirlenir.

Bomba kalorimetre cihazi ile olctlar.

" Bomba kalorimetre ile dlclilen kalorifik deger, teorik olarak
maddeden elde edilebilecek maksimum enerjidir.

® Kalorimetrede, yanma esnasinda ortaya cikan su buhari ~10 bar O
Olcimuin sonunda yogunlasir ve buharin yogusmasiyla 2
aciga cikan gizli 1s1, 1sil degeri artirir. Bu ylizden | ) A
kalorimetrede olgilen 1sil deger «list 1sil deger» ya da
«briit 1s1l deger»dir.

" Biyoenerji proseslerinde su buharindan kaynaklanan bu .. AteslemiéA
gizli 1sil deger genellikle kullanilamaz. Biyoeneriji bobini

proseslerinde kullanilabilir enerji «net kalorifik deger»
ya da «alt 1sil deger> ile ifade edilir.

= Ustisil deger> Alt isil deger

Izole edilmis su banyosu
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Kalorifik deger: Alt i1sil deger (AID), iist 1sil deger (UID), su buhan

Yogusma Isisl,

Nem Heat of condensation (HoC)
giderilir j
A
Organik HoC
Islak ya kuru Ust
da nemli madde
Etliv, 105 °C Firin, 550 °C KM OKM Alt Isil ISIlv
Madde E (;(/)a da) Yakma Deger Deger
12-24 saat 2 saat (UKM) (AID) (UID)
KN KN i
< On iglemler < Kalorifik deger 6lcimii X
Tablo: Biyokitlenin enerji muhtevasi ve spesifik metan Uretimi
PRI Nigasta | Protein | Lipid | Bjyokimyasal metan potansiyeli (BMP) biiyiikbas
Briit kalorifik deger, MJ/kg | 16,6 22,4 37,3 hayvan atiklari igin 190 m? CH,/ton OKM
. e dederinden, bazi yiyecek atiklari igin
CH, dretimi (N m?/kg) 0,415 0,496 1,014 450 m3 CH,/ton OKM araliginda degisir. ) g
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ORNEK: Kalorifik deger 6lgimi

(Kaynak: P. AARNE VESILIND , ve dig., (2010), INTRODUCTION TO ENVIRONMENTAL ENGINEERING, 200
First Stamford Place, Suite 400, Stamford, CT 06902, USA, Ch7, p196

Problem A calorimeter holds 4 L of water. Ignition of a 10-g sample of a waste-derived fuel of unknown energy
value yields a temperature rise of 12,5 °C. What is the energy value of this fuel? Ignore the mass of the bomb.

Solution Making use of a material balance:

[Energy IN] = [Energy OUT]

Energy out = (4,184 J/g/K) mT
= (4,184 J/g/K)p VT
= (4,184 J/g/K)(1 g/mL)(4L)(10° mL/L)(12,5 °C)
=209 x 103 J

Energy IN = Energy OUT = 209 x 103J

Energy value of the fuel = [209 x 103J]/[10 g] = 20,900 J/g

P s



ORNEK-
ISIL DEGER

) -

Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bél. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




ORNEK: Nisastanin alt ve st isil dederi
Adirlikca %10 ve %80 nem igeren iki farkl nisasta (C¢H,,05),, numunesinin alt isil dederini hesaplayiniz.
" Nisastanin st isil degeri: 16,6 MJ
® 55 °C’de suyun yogusma isisi: 2,445 M1 /kg
cOozUM
1. Nisastanin yanma reaksiyonu; C.H,,O; + 60, = 6CO, +5H,0
2. Nisastanin Ust isil degeri: 16,6 MJ
a. 1 mol nisasta yandiginda 5 mol su aciga ¢ikar.
b. Nisastanin molekil agirhgi 162 g ve suyun 18 g'dir.
c. 162 kg nisasta yandiginda 5x18=90 kg su aciga cikar.
d. 1 kg nisasta yandiginda 90/162=0,556 kg su aciga cikar.
e. Nisastanin alt i1sil degeri=(16,6 MJ/kg nisasta) — (0,556 kg su/kg nisastax2,445 MJ/kg su)=15,2 MJ/kg
3. %10 nem icin alt 1sil deger=15,2x0,9-2,445%0,1=13,44 MJ/kg
4. %80 nem icin alt i1sil deger=15,2x0,2-2,445x0,8=1,08 M]/kg
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Kalorifik deger, MJ/kg
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Nem muhtevasi

Sekil Nisastanin nem muhtevasina bagl olarak alt isil degerleri

Termo-kimyasal
proseslerin fizibil olmasi
icin nem muhtevasinin
dlslk olmasi gerekir.

Biyokimyasal prosesler
IGin asgari nem
muhtevasinin %50 olmasi
gerekir.

Evsel kati atiklarin ilave
enerji harcamaksizin
yanmasi icin alt 1sil deger
asgari ne olmaldir?

pE
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BIYOKUTLENIN AMPIiRiK UST ISIL DEGERI

= Biyokitlenin st 1sil dederi (UID) elementel kompozisyonuna baglidir (Dulong formidilii).

Dulong Formulu; C, H, O, N. ve S:
UID, kil kg=33700x —— +141900 % (= — 0,125 x —) + 2300 oA 300x 22 Slementiern, KCMha?inda
100 100 100 100 agirhikca % kompozisyonlardir.
Ampirik formuli ile hesaplanabilir.

Elementlerin agirlk¢a % kompozisyonlar
C H O N S

UID HoC AID

33700 141900 -17738 2300 9300 (kJ/kg KKM) (kJ/kg KKM) (kJ/kg KKM) = (Jst sl deger C ve H
Nisasta 4440 6,20 49,40 14.998,3 1.360,0 13.638,3 muhtevasi arttikca
Protein 53,10 6,20 28,30 12,40 21.958,0 1.400,0 20.558,0 artarken, O muhtevasi
Lipid 77,40 11,80 10,90 40.894,6 2.600,0 38.294,6 arttikca azalmaktadir.

— , = UID ile AID arasindaki
Elementlerin agirlik¢a % kompozisyonlari 3 LI e
C H O N S UID HoC AID bagidir.

33700 141900 -17738 2300 9300 (kcallkg KKM) (kcallkg KKM) kcal/lkg KKM)
Nisasta 4440 6,20 49,40 3.582,1 324,8 3.257,3
Protein 53,10 6,20 28,30 12,40 5.244,3 334,4 4.910,0
Lipid 77,40 11,80 10,90 9.767,0 621,0 9.146,1
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ORNEK-
ISIL DEGER,
AMPIRIK FORMUL
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ORNEK: Katr atiklarin ampirik formdili, alt ve (st isil dederi
Bir bahce ve yiyecek atiklar karisimin analizi asagidaki tablodaki gibi tesbit edilmistir.

Atik Islak/nemli | Kuru agirhk, )

] . C, kg H, kg O, kg N, kg S, kg Kil, kg
bilesenleri agirlik, (kg) | (kg)
Karisik 3,54 1,17 0,56 0,07 0,44 0,04 0,01 0,05
atiklari

Atiklarin st 1sil degerini (UID) ve alt isil dederini (AID) Dulong formiiliine gére hesaplayiniz. Nemli haldeki
atiklarin kalorifik degeri ne kadardir?.

Atiklarin anaerobik olarak %100 ayrismasi halinde 1 kg atiktan Uretilebilecek metan miktarini hesaplayiniz
(L CH,/kg UKM ?).

Bu atiklarin (C,H_O,N_S) seklindeki ampirik formulint hesaplayiniz.

Dulong Formulu;

UID,kJ / kg= 33700x£+141900><(1—0,125><£)+ 2300><l+9300><i
100 100 100 100 100
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COZUM: Katy atiklarin ampirik formdild, alt ve dst isil dederi

o % G st MW Motorm B KBiesen KealBikesen
Parametre o T e e e e @ e (10) (11)
- @)Topl. (L)/KKM (L/ZOKKM - @) /()  (6)/S . (8) /4,187 (4) x (8)/100 (L0)/ 4,187
Islak/nemli agirhk (kg) 3,54 - - - - - - - -
Kuru agirhk (kg) 1,17 % % % - - - - - - -
Nenm/Su (kg) 2,37 66,95
Cko) | ¢ 056| 1582 47,86 50,00, 12,01 41632 1495 33700 8 049 16 850 4024
H (kg) ::2 0,07 1,98 5,98 6,25 1,01 6,1881 222,3 141900 33 891 8 869 2118
O(kg) - =X 044 12,43 3761 39,29 1600 24554 882  -17738 -4 236 -6 968 -1664
N (kg) 5 0,04 113 3,42 357 1401 0,2549 9,2 2 300 549 82 20
S (kg) o 0,01 0,28 0,85 0,89] 32,07 0,0278 1,0 9 300 2221 83 20
Kiil (kg) 0,05 1,41 4,27 - ; ; ; ] ] ] ]
TOPLAM 3,54, 100,00 100,00 100,00 - - - - 18 916 4518
Nem, % 66,95 - - - - - - - - - -
Kiil, % 4.27 - - -
Kuru kati madde %'si, % KKM 3305 - i i C149’5 H 222’3088’2 N 9,2 S i i i
Kuru kati madde, KKM ) 1,17 - Dulong Formuli;
Toplam organik kism, 112 - UID,kJ/kg =33700x%C +141900x (%H —0,125x %0) +2300x %N +9300x %S

(Toplam OKKM kg)




COZUM: Kats atiklarin ampirik formdili, alt ve (st isil dederi (DEVAMI-1)

Dulong Forml; el
— Kiil- Nem; o | § oo 1w s oo
UID,kJ /kg =33700x%C +141900x (%H —0,125x %0) +2300x %N +9300x %S vio | & o e B
S (kg) o 0,01f 028 0,85 0,89
= 33700 22 +141900x (2122 ~0,125% >222) 4 23002/ 1 93005 2102 __saun
100 100 100 100 100 TOPLAM 3,54/ 100,00, 100,00 100,00
=18914KJ / kg =4517 kcal / kg
— Kil- Nem;
HoC =9xH x2466 (MJ/kg) suyunbuharlagsma 1sis1
kd/kg  kcal/kg kd/kg kcal/kg
_9x 922, 2466 =1375kJ Ik Ustisil deger (UID) 18916 4518
100 HoC 1375 328
" Alt 151l deger (AID) 17 540 4189
— Kiul- Nem; Ust sl deger (UID) 18107 4325 18107 4325
AID =UID - HoC (MJ /kg) HoC 1317 314 1317 314
Alt 1s1l deger (AID) 16 791 4010 16 791 4010
=18916 MJ / kg —1375MJ / kg Ust 1sil deger (UID) 5085 1429 5985 1429
=17540kJ / kg = 4186 keal / kg HoC 202 495 2072 495
Alt 151l deger (AID) 3913 934 3913 934

ij



COZUM: Kat atiklarin ampirik formdild, alt ve (st isil dederi (DEVAMI-2)

+ Kiil — Nem UID,kJ / kg =33700x<?7(:8+6141900x(%|; S;80,125x<)/003)7+621:«’,00><%N ;i3200x%s 5
=33700x —— +141900x (--— —0,125x ~——) + 2300 x = + 9300 x ——
ke N %Kil 100 100 100 100 100
UID,kJ /kg =UID x| 1— = —18107MJ / kg = 4325kcal / kg
% 4 27 Kuru agirhk (kg) 1,17 % % %
=18916 x (1— —j =18108kJ / kg = 4324 kcal /'kg NemSu (ko) 237) 66,95
C (kq) £ 0,56| 15,82 47,86 50,00
H (kg) g 0,07 1,98 5,98 6,25
O (kg) =E‘ 0,44 12,43 37,61 39,29
" —Kil-Nem; N (kg) & 004 113 3,42 3,57
+ KUl — Nem 9%Nem Skg) | © 001 o028 085 0,89
0 " I HoC =9x H x 2466 + 100 x 2445 (kJ / kg) Kiil (kg) 0,05 1,41 427
HOC _ 1387 kJ / kg X l_ /OKU 598 0 TOPLAM 3,54) 100,00, 100,00 100,00
100 =Ox " x2466+—x2445 =1327kJ / kg
100 100
%4,27
=1387kJ / kg x| 1- =2 |=1328kJ / kg=317kcal / kg
kJ/kg  kcal/kg kd/kg kcallkg
Ustisil deger (UID) 18916 4518 - -
+Kil — Nem HoC 1375 328 - ]
=ik Alt 1511 deger (AID) 17540 4189 - -
AID =UID ~HoC (kJ /kg) Ust 151l deger (UID) 18107 4325 18107 4325
=18108kJ / kg —1328kJ / kg HoC 1317 314 1317 314
Alt 1511 deser (AID 16791 4010 16791 4010
=16792kJ / kg = 4010 kcal / kg tsil deger (AID)
Ust isil deger (UID) 5985 1429 5985 1429
HoC 2072 495 2072 495
Altisil deger (AID) 3913 934 3913 934
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COZUM: Katr atiklarin ampirik formdili, alt ve (st isil dederi (DEVAMI-3)

+ Kl + Nem UID,kJ /kg =33700x%C +141900x (%H —0,125x %0) +2300x %N +9300x %S
15,82 1,98 12,43 113 0,28
=33700x ——=+141900x (- —0,125x ")+ 2300x -~ +9300x ——
OID kI /ka =UID x| 1 %Nem ) * 100 *Cloo * 100 ) 23905 100
, g= X( 4= W > =5985kJ / kg =1429kcal / kg
%66 9 5 Kuru agulik (kg) 1,17 % % %
=18107 x (1— ————— |=5984kJ / kg =1 429 kcal / kg Nem/Su (kg) 231 6695
C (kg) e 056 1582 47,86 50,00
Hko | @ 0,07 1,98 5,98 6,25
O (kg) .aé 0,44 12,43 37,61 39,29
= N (kg) 53 0,04 113 3,42 3,57
+Kul + Nem Skg | © 001f 028 085 0,89
%33 05 %66 95 Kiil (kg) 0,05 1,41 4,27 -
HoC =1316x (— +2445x ————=2072kJ / kg = 495kcal / kg TOPLAM| 354 10000 100,00 100,00
100 100 kJ/kg  kcal/kg kJ/kg kcal/kg
— Kil- Nem; Ustisil deger (UID) 18916 4518
0
HOC = 9x H x 2445+ 2NeM 5 445 (k3 /kg) HoC 1375 328
100
198 66.95 Alt 1s1l deger (AID) 17540 4189
:9xm><2445+ T, | x2445=2072kJ / kg Ust 1511 deger (UID) 8107 4328l | 18107| 3%
- HoC 1317 314 1317 314
+Kil + Nem Alt 151l deger (AID) 16791 4010 16791 4010
AID =UID — HoC (kJ / kg) Ust 1s1l deger (UID) 5985 1429 5985 1429
HoC 2072 495 2072 495
=5985-2072kJ / kg :
Alt 1s1l deger (AID) 3913 934 3913 934
=3913kJ / kg =934 keal / kg Bu atiklar ilave enerji ) 65

harcamaksizin yanar mi?
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OZET

Dulong Formul;
UID,kJ /kg =33700x%C +141900x (%H —0,125x %0) +2300x %N +9300x %S

3
_33700x 22 +141900% (222 —0.125% 222 1 2300% 22" +9300% 22 X Nem ve Kul
100 100 100 100 100
_18914kJ / kg = 4517 kcal / kg
%Nem %Kil %Nem %H

AID,kJ /kg =UIDx|1- — 2445 —9x2445x%
0 100 100

100

o | J |
AID, k] / kg =18916x(1— 5R_J 41) _22450Y> g a4a PN M Nem ve Kiil
100 100 0 X 100
) Kilsiiz ve nems?gorganik madde y Nem Organik maddenin

yanmasindan aciga ¢rkan su

=3913kJ / kg =934 kcal / kg

)«
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COZUM: Katy atiklarin ampirik formdild, alt ve dst isil dederi

o %l s MWy MOl C e WBilesen KealBiesen
Parametre o e e e e e @ (11)
- (1)/Topl. (1)/KKM (1)/20KKM - 4)/(5) (6)/S : (8) /4,187 (4) x (8)/100 (10) /4,187
Islak/nemli agirhk (kg) 3,54 - - - - - - - -
Kuru agirhk (kg) 1,17 % % % - - - - - - -
Nenm/Su (kg) 2,37 66,95
Cko) 7 g 0,56| 15,82| 47,86 50,00 12,01 41632 1495 33700 8 049 : 16 850 4024
H (kg) g 0,07 1,98 5,98 6,25 1,01 6,1881 222,3 141900 33891 8 869 2118
O (kg) ~ i_; 0,44 12,43 37,61 39,29 16,00 2,4554 88,2  -17738 -4 236 | -6 968 -1664
N (kg) & 0,04 113 3,42 357| 14,01 0,2549 9,2 2 300 549 82 20
S (kg) o 0,01 0,28 0,85 0,89 3207 0,0278 1,0 9 300 2201 [ 83 20
Kiil (kg) 0,05 1,41 4,27 - - - - - - - -
TOPLAM 3,54 100,00; 100,00 100,00 ki/kg keallkg ~ kikg kealkg 18 916 4518
Nem 56 S R T T e e
Kiil, % 427 1. Hangi degeri Olceriz?  awwsideger am) 17540 4189
Kuru kati madde %'si, %»KKM 3305 2. 18 916 MJ/kg degeri ~ Dustecter@ e e e - :
Kuru katt madde, KKM 117 O|gU|€bI|II‘ mi? Alt il deger (AID) 16791 4010 16791 4010
b Ust i1l deger (UID) 5085 1429 5985 1429
Toplam organik kisim, 112 ’ i ) HoC 2072 495 2072 495 )

3913 934 3913 934

Alt 1s1l deger (AID)

(Toplam OKKM kg)
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ORNEK-
ISIL DEGER,
AMPIRIK FORMUL
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ORNEK: Evsel kati atiklarin ampirik formdili, alt ve (st isil dederi

Kaynak: John Pichtel, (2005), Waste management practices: municipal, hazardous, and indistrial, CRC Press
Taylor & Francis Group, 6000 Broken Sound Parkway NW, Boca Raton, FL 33487-2742, p81

Asagida kompozisyonu verilen evsel kati atiklarin ampirik kimyasal formulini (C,H,O,N_S) bulunuz.

Kompozisyon (kg)
Islak/nemli  Kuru agirhk
Atik bilesenleri  agirhk (kg) (kg) C H @) N S Kiil
Kagit (kg) 19,00 16,00 6,960 0,960 7,040 10,0480 0,0320 0,960
Plastik (kg) 3,70 3,70 2,100 0,252 0,798 0,0000 0,0000 0,350
Yiyecek atiklan 5,10 1,90 0,912 0,122 0,714 0,0494 0,0076 0,095
Bahge atiklan 8,40 2,60 1,243 0,156 0,988 0,0884 0,0078 0,117
Tekstil atiklan 1,00 0,80 0,440 0,053 0,250 0,0368 0,0012 0,020
Kaucuk-lastik 0,22 0,22 0,172 0,022 0,000 0,0044 0,0000 0,022
Ahsap-tahta 1,30 0,90 0,446 0,054 0,384 0,0018 0,0009 0,014
TOPLAM 26,12 12,273 1,619 10,174 0,2288 0,04950 1,578
b Organik madde ]
" Sadece organik maddelerin enerjisi mevcuttur. | ) °3
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Agirhk Mol Agirhikc¢a%
Element  (kg) MW Mol orani Kiitle Element

C 12,273 12,01  1,02190 662,07/ 7.951,42 50,41
H 1,619 1,01 1,60297 1038,53 1.048,92 6,65
O 10,174 16,00 0,63588 411,97 6.591,52 41,79
N 0,229 14,01 0,01633 10,58 148,23 0,94
S 0,050 32,07 0,00154 1,00 32,07 0,20

24,34 15.772,16 100,00
Atiklarin ortalama ampirik formula; C662,O7 H1038,53O411,97 N10’58S

UID (HHV),kJ / kg =337C +1429(H —0,1250) +93S + 23N
=337x50,41+1419x%(6,65-0,125x41,79) +93x 0,20+ 23x 0,90
=19054kJ / kg = 4550kcal / kg
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1 Karisik evsel kati atiklardan (KEKA) liretilebilecek biyogazin mali (TL) karsihgs;
= 1 ton KEKA = 500 kg OM = 500 kg UKM (atiklarin %50’si organiktir)
= Teorik olarak 1 kg UKM = 1 m3 biyogaz (0,80-1,10 m3 biyogaz)
= 500 kg UKM =250 m3 biyogaz (pratikte)

= Biyogaz (%55 CH,) = 22 MJ/m3=6,11 kcal /m3 =1, ZkWh /m3 (%30 dénlisim verimi)

1cal =4.187J 1J=1W-s
1kWh= 3600kW-s= 3600kJ= 3600000 J=3.6 MJ

1kJ= 1x10%J): 1 MJ = 1x10°%); 1 GJ = 1x10°J;

KEKA i¢in biyogaz Gretiminin mali kazang kars:lzgz; YENILENEBILIR ENERJI

EUROCENT/KWH)t
1ton KEKA = 250m® CH, Enert Bokamher (Birinci Segenol)
3 Kaynaga dayalitesis tipi |llk 10 yil Ikinci on yil
m kWh € TL - i
250 x1,7——x 0,07—— x 6,502% e ;
tOﬂ KEKA m kWh € Jeotermal 9
Fotovoltaik gunes enerjisi |28 22
TL Yogunlastiriimis glines 24 20
= 193; B enerjisi
ton KEKA Biyokiitleye dayali 14
Copgazina dayali 7

Evsel kati atiklarin toplama (~200 TL/ton) ve dlzenli depolama (~10 TL/ton)
olmak Uizere toplam bertaraf maliyeti 200 TL/ton mertebesindedir.

4 kisilik bir aile yilda 1,5 ton civarinda KEKA Uretir.

Hane basina yillik kati atik vergisi 300 TL civarinda olmalidir. Bu su faturalarina
ayhk 25 TL mertebesinde yansitilabilir.

Biyogaz uretiminden gelecek gelir disullrse ton basina bertaraf vergisi 100 TL'ye

diisebilir,
,:b

Enerji Bakanh

g1 (Ikinci Secenek)

Kaynaga dayal tesis tipi |ilk 7 yil Ikinci 7 yil
Hidroelektrik 7 4
Ruzgar 8 4
Jeotermal 10 7
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Kompozisyon (%0)
Islak/nemli  Kuru agirhk UID

Atik bilesenleri  agirhk (kg) (kg) C H O N S MJ/kg
Kagit (kg) 19,00 16,00 46,28 6,38 46,81 0,32 0,21 16.377,1
Plastik (kg) 3,70 3,70 66,67 8,00 25,33 0,00 0,00 29.325,2
Yiyecek atiklan 5,10 1,90 50,53 6,76 39,56 2,74 042 19.704,1
Bahce atiklan 8,40 2,60 50,06 6,28 39,79 3,56 0,31 18.837,3
Tekstil atiklan 1,00 0,80 56,34 6,79 32,01 4,71 0,15 23.060,3
Kaucuk-lastik 0,22 0,22 86,69 11,09 0,00 2,22 0,00 45.001,6
Ahsap-tahta 1,30 0,90 50,30 6,09 43,31 0,20 0,10 17.925,0
TOPLAM 26,12

Plastik icin; UID (HHV),kJ / kg = 337C +1429(H —0,1250) +93S + 23N
— 337x66,67 +1419x (8—0,125x 25,33) +93x 0,00 + 23x 0,00
=29352,2kJ / kg

) Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bél. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




Table 4-12. Heats of combustion and calorific values of substances

Heat of combustion, Hﬂ. Calorific value Calorific value

Substance Formula  weight Phase H:ON1) Hyg) Grosa  Net Gross  MNet

Hydrogen H, 2016 Clas =2R5.85 =241.83 12,753  10.TR9 141,791 119954
Carbon C 12.01 Solid =391.52 =391.52 —_ — 1,766 12,766
Carbon monoxide CO 28.01 Gas —182.99 — 282 9% 12,625 12,625 10003 10,103
Methane CH, 16.04 Cras —R90_35 —R02_30 ¥T2 35N 55508 50,019
Ethan: CaHe 3007 (ias - 155998 - 1427.91 6859 63 N3 31.BTR 47486
Propane CaHs 44,10 Cras =2220.19 = Mhdd (9 W09 91193 S04 456,351
Ethylene CsH, 2R.05 Cias =1411.21 =1323.16 62958 503 5311 47072
Propylene CiHs 4208 Cias - M58.52 = 1926.45 91837 ES 045 4R 919 45,781
Acetylene CsHs 26.04 Ciat =1299.63 =1255.60 S7T980 56016 4999 48218
Benzenc CaHe 78.11 G = 3301.56 =3169.48 147292 141400 42268 40577
Hyvdrogen sulfide H,S 3.0 Cins —562.28 —518.25 5085 23121 16499 15207
Ammonia NH, 17.03 Cins —382 88 -316.84 17.081 14,135 22483 18,605

Sowrce. Data from vanious sources (pnncipally references 11, 28, and 29).
(Kaynak: Y. K. Rao (1985) Stoichiometry and Thermodynamics of Metallurgical Processes, Cambridge

)



ORNEK-4
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ORNEK: Katr atiklarin ampirik formdili, alt ve (st isil dederi

(Joseph C. Akunna (2019), Anaerobic Waste Wastewater Treatment and Biogas Plants: A Practical Handbook, CRC Press Taylor
& Francis Group, 6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742, p112)

Bir Mutfak atiklari karisiminin analizi asagidaki tablodaki gibi tesbit edilmistir.

Atik Islak/nemli  Kuru agirlik,| Nem, .

] ] . C,% H %  0,% | N,% | S,% | Kil, %
bileseni agirhik, (kg) (kg) %
Mutfak 20 6 70 48 6,4 37,6 2,6 0,4 5
atiklari

a. Atiklarin (C,H,O,N_S) (kukurtli) ve (C,H_OyN) (kukurtsuz) haldeki kil igermeyen kimyasal formulunu

bulunuz. Atiklarin Gst isil degerini (UID) ve alt isil dederini (AID) Dulong formiiliine gére hesaplayiniz. Nemli
haldeki atiklarin kalorifik degeri ne kadardir?.

b. Bir ton atik icin teorik metan Uretim potansiyelini hesaplayiniz.

c. Bir ton atigin tam oksidasyonu i¢in gerekli hava miktarini hesaplayiniz. Havadaki oksijen agirlikca %23,15'dir
ve havanin yogunlugu 1,2829 kg/m3

) X
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COZUM: Katr atiklarin ampirik formdili, alt ve lst isil dederi

(Joseph C. Akunna (2019), Anaerobic Waste Wastewater Treatment and Biogas Plants: A Practical Handbook, CRC Press Taylor
& Francis Group, 6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742, p112)

a. Atklarin (C,H,O,N_S,) kukurtll ve kil igermeyen kimyasal formultna

o Mm% L s MW, Motorm B0 Ki/Bilesen kealBilesen
Parametre e ) 3) (4) ® ©® O ©®  © | @) (11)
- (D)fTopl. ()/KKM (L)/ZOKKM - @) /(5)  (6)/S \ (8)/4,187 (4) x (8)/100 (10)/4,187
Islak/nemli agirhk (kg) 20 - - - - : - - -
Kuru agirhik (kg) 6/ 30,00% % % - - S=1 |Kiikiirte gore normalizasyon
NemvSu (kg) 14 70,00%
C(kg) £ 48,00%0 2,88 48,00 50,53 12,01 42070 3204 33700 8 049 17 027 4067
H (kg) 2 6,40% 0,38 6,40 6,74 1,01 6,6701 508,0 141900 33891 9 560 2283
O(kg) | X 37,60% 226 37,60 3958 16,00 24737 1884  -17738 -4 236 -7 020 1677
N (kg) o 2,60% 0,16 2,60 274 1401 01953 14,9 2 300 549 63 15
S (kg) o 0,40% 0,02 0,40 042 3207 0,0131 1,0 9 300 2221 39 9
Kiil (kg) 5,00% 0,30 5,00 - - - - - - - -
TOPLAM 100,00% 6,00 100,00 100,00 19 669 4 698
C320,4 H 5080188,4 N14,9 S
y 4
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COZUM: Katr atiklarin ampirik formdili, alt ve lst isil dederi

a. Atklarin (C,H,O,N,) kikurtsiz ve kul icermeyen kimyasal formulinu

o PG st MY Molomm (5 WBilesen KealBilesen
Parametre o e (4) G  ©® 0 e 0o (10) (1)
- (@)Topl. (1)/KKM (1)/ZOKKM - @IG) 6)/S \ (8)/4,187 (4) x (8)/100 (10)/4,187
Islak/nemli agirhk (kg) 20 - - - - - - - -
Kuru agirhk (kg) 6/ 30,00% % % - - N=1  Azota gore normalizasyon
Nem/Su (kg) 14, 70,00%
Cko) 7 g 48,00% 288 48,00 5053 1201 42070 21,5 33700 8 049 ' 17 027 4067
Hky | 2 6,40% 0,38 6,40 674 101 66701 341 141900 33891 | 9560 2283
O(kg) - = 37,60% 226 37,60 3958 16,00 24737 127 17738 4236 | 7020 -1677
N (kg) & 2,60% 0,16 2,60 274 1401 0,1953 1,0 2300 549 63 15
S (kg) S 0,40% 0,02 0,40 042 3207 0,0131 00 9300 2201 [ 39 9
Kiil (kg) 5,00% 0,30 5,00 - - - - - - - -
TOPLAM 100,00% 6,00 100,00 100,00 19 669 4 698
C21,5 H 34,1012,7 Nl
-
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COZUM: Katr atiklarin ampirik formdilii, alt ve (st isil dederi
b. Atiklarin teorik metan uretim potansiyeli: teorik metan uretim potansiyeli atiklarin %100 anaerobik

fermantasyonu ile gerceklesir. Bunun igin Buswell esitligini yazmak gerekir.

C320,4 H 5080188,4 N14,981

Buswell Esitligi;
C,H.O, NS + n—§—9+3xc+ H,0— D+§—E——3XC— CH, + D—§+E+3xc+ﬁ’ O CF Lt
L 2 8Ba.A\NM

2NN S 8
C.04H:0:05 4N, oS, +110,875H,0 — 170,7625 CH, + 149,6375 CO, +14,9NH, + H,S
) 7607 8 ’ 1995,75 \ 72732,22 6574,08 T .
: 9603,55 3 9603,55
7607,089 170,7625mol x 22,4 L = 3825, 08 L
10009 502,784 L

503LCH, / kgUKM =503m?CH, /tonUKM (OM)
%53,30CH,

‘ Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




COZUM: Katr atiklarin ampirik formdilii, alt ve (st isil dederi
b. Atiklarin teorik metan uretim potansiyeli: teorik metan uretim potansiyeli atiklarin %100 anaerobik

fermantasyonu ile gerceklesir. Bunun igin Buswell esitligini yazmak gerekir.

C21,5 H 34,1012,7 Nl
C,.:H., .0, N, Buswell Esitligi;
U C.,H.ON, +(n_§_9+3x—c) H,O —>(E+§—E—ﬁjCH4 +(E—§+E+ﬁjcoz +CNH,
a=34,1 4 2 4 2 8 4,68 R\G\Y 4
b=12,7
c=1 C, sH...0, N, +7, 375HZQ —> f!.l, 4625 CH4/ e 10,0375 CO% +1NH,
500.3 132,75 , . 183,4 y 441,65 " 17 )
642,05 642,05
509,39 11,4625mol x 22,4 L = 256,76 L
10009 504,1429 L

504 LCH, / kgUKM =504m°CH, /tonUKM (OM )
%53,31CH,
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8 |

COZUM: Katr atiklarin ampirik formdilii, alt ve (st isil dederi

c. Atiklarin aerobik kompostlastiriimasi icin oksijen ve hava ihtiyaci; C21 5 H 34 1012 7 N 1
(1) Organik maddelerintam oksidasyonu icin oksijenihtiyacs;
Oksidasyon reaksiyonu;
C.H.O,N, +(2>< n+0.5><;1—1.5><c—bjo2 ,nCO, +CcNH, _I_(a—SXCj H,0
C, sH,,.0,,N+22,925 O, — 21,5 CO, +1INH, +15,55H,0
- - _ \ N / B o N \ J
5093 733,6 . 946 17 279,9
124\:2,9 g 1221{2,9
509,39 733,690,
1000kg 1440,41 kg O, 733.6
KOOB =4-1,5x —— =-0,2651
5x12

1440,41 kg O, /ton atik

+4 > KOOB > -4 M ve %CH, > %500lmal:

p X
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COZUM: Kats atiklarin ampirik formdilij, alt ve (st isil dederi C. H. O._N
c. Atiklarin aerobik kompostlastiriimasi icin oksijen ve hava ihtiyaci; 21,57 "34,1712,7 771

(i) —3degerlikli azotlu bilesenlerintam oksidasyonuicginoksijenihtiyacs;
1,0 ton atiktaki org — N miktarrt, C,.H.,,0,.N
509,39 OM 14g N 09 g
1000 kg OM 27,489kg org—N /tonOM
Oksidasyon reaksiyonu; NH,+20, -» HNO, + H,O
14 64 g0, 4,6k0, [ kg TKN

27,49kg  125,663kg O,
125,663 kg O, /ton atik

(111) Toplam oksijenihtiyac:
1440,41kgO, /tonatik +125,66 kg O, | ton atik =1566,073kg O, / ton at:k

oM _3degerlikli N (Org—N)

= R GASKUD) Ao, = 6764,893kg hava/ton atik
0,2315kgO0, / kg hava
_6794,893kg hava /ton atik

1,2829kg / m® hava
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CESITLI ORNEKLER
ISIL DEGER

) X
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..
ORNEK:

Metanin kalorifik degerini Dulong formiiliine gére M3/ m?3 cinsinden hesaplayiniz.
COZUM: 1. Metanin yogunlugu;

(1mol CH,=169gCH, 22 41 (2) Elementlerinagirlikca yiizdeleri;
P ElegCH4 22’4m3 A CH4l6g/mO|
12gC 49 H
7 kgCH, 1m’ . " I

\ ) 12 4
t— —0 t— =0
7 =16(kg CH,)/22,4(m®) = 0,714kg CH, / m’ L IOLZRN Ha 1 x100 =225

(3) Dulong Formuilti; UID (HHV),kJ / kg = 337C +1429(H —0,1250) + 93S + 23N
2 3N 75 +141990685% 0,125 0) -+ 930,00 +23x 0,00
=60750kJ / kg
(4) AID =UID—(9xH x2466) (kJ /kg) suyun buharlasma 1s1s1
=61750kJ / kg —(9><0,25>< 2466) =55201kJ / kg
= 55201 (k] / kg)x 0, 714 (kg / m*) = 39413k] / m® = 39,4k / m®
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CO(g) + 0.50,(g) = CO»(g); 1 atm and 25°C

AH® = —283 MJ/kg-mole CO

At STP, 1 kg-mole of CO(g) occupies a volume of 22.415 m>. Thus,
Calorific value = 12,625 kJ/m® (STP) or 339.1 Btw/ft® (STP)

The calorific values of other substances were calculated in a similar manner, and
the results are summarized in Table 4—12.

p X
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ORNEK: Kalorifik deger hesabi

(Kaynak: Y. K. Rao (1985) Stoichiometry and Thermodynamics of Metallurgical Processes, Cambridge University
Press, New York, p147)

Bir kbmur numunesinin analizi;
" Nem: % 4,3
" Organik madde: %28,2
® Sabit karbon: %057,2
= Kl % 9,5
" Kakart: % 0,8
" TOPLAM: %100
" UID=30 150 kJ/kg

seklindedir.

i) Analiz sonuclarini kuru bazda (nemsiz) hesaplayiniz.
ii) Analiz sonuclarini organik kuru madde (OKM) bazinda (nemsiz ve kiilsliz) hesaplayiniz.
iii) Analiz sonuclarini organik nemli madde (ONM) bazinda hesaplayiniz.

P
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- |
COZUM:
(I) Kurubazda%bilesenler;

100x%0rg.Madde 100x 28,2

Organik madde (OM =%28,2) —» OKM = = = %29, 48
100 — %Nem 100 4,3
0
Sabitkarbon(SK =%57,2)  — SK 0K _LOUy%/, 2 — %59, 77
100—%Nem 100-4,3
=
Kl (Kl = %9, 5) P T\ Y LTI L\ — 949,93
100—-%Nem 100-4,3
0
Kiikiirt (S = %0,8) 5 Ky So0xzeR N 100%0,8 — 960,84
100—%Nem 100—4,3
%100
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(i) Nemsiz ve kulstz bazda % bilesenler;
100x%0Org.Madde  100x 28,2

Organik madde (OM = %28,2) — %OKM = — = =%32,7
100 — (% Nem+%kial) 100-(4,3+9,5)
0
Sabitkarbon(SK = %57,2)  — %K = —00x¥SK  _ 100x57,2 45 25
100 — (% Nem+%hkial) 100-(4,3+9,5)
0
Kiikiirt (S = %0, 8) 5 %Kikiirt = 100 %53 LOX08 00,03

100 - (%Nem -+ %kul) 100 (4,3+9,5) y-109
(ii1) Nemlibazdaorganik madde;

0
Organik madde (OM = %250\ OKM s Do 7Org.Magde ~  100x28,2 .0, g
100 — (%Kil + %SK) 100—(9,5+57,2)
0
Kiikiirt (S = %0, 8) s Kiil = SO TEp o - JOUXD,S — %2,40
100— (%Kil + %SK) 100 (9,5+57,2)
0
e N - 100 x (?Nem B 100x 4,3 _9612 91
100— (%Kil + %SK) 100 (9,5+57,2)
3100

) Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bél. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com



AID - UID;

" Oksijenle yanma sonucu acida cikan suya ilave olarak biyokiitle icerisindeki nemin de AID ve UID hesabinda
dikkate alinmasi gerekir.

" AID, termal yakma prosesi sonucu aciga ¢ikan isinin hesabinda kullanilir.

= UID, biyokiitleden herhangi bir prosesle (aerobik, anaerobik, termal yakma) elde edilebilecek maksimum
enerjidir.

= UID>>AID ise; biyokiitledeki enerji termal olmayan proseslerle (anaerobik ayrisma, biyo-etanol tiretimi)
daha yuksek verimde alinabilir.

= UID ~ AID ise biyokiitlenin nem muhtevasi diisiik oldugundan termal prosesler daha uygundur.

Anaerobik proseslerde kalorifik deger;
= UID, kimyasal yapidan elde edilebilecek maksimum enerjidir.

" Biyokimyasal proseslerde enerji katabolik ve anabolik metabolizmada kullanildigindan, UID deger
biyokimyasal proseslerle aciga ¢ikan enerjiden daima blyuktir.

® Biyokimyasal proseslerde i1si kaybi yoluyla daima ener;ji kaybi ortaya cikar.
® Biyokditlenin bir kismi biyokimyasal yolla ayrismaz, ve bir kismi da biyokitleye (mikroorganizmaya) donusur.
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ORNEK: Ust isil deder hesabi (Kaynak: Richard M Felder, Ronald W Rousseau, Elementary Principles of
Chemical Processes Solutions Manual, p 495)

Bir dogalgaz kaynadi hacimce %85 metan ve %15 etan icermektedir.
15 °C ve 1 atmosfer basincta metanin ve etanin su buharli yanma isilari;
O — —
CH, +20,, = CO,, +2H,0,,  AHJ =-802kJ / mol

5

C,Hg +§Oz(g) = 2C0,,, +3H,0,,, AH_/ =-1428kJ / mol

seklindedir. Dogalgazin Ust i1sil degerini kJ/g cinsinden hesaplayiniz.
COZUM:

Ust 1sil deder birim dogalgaz kiitlesi basina istendidi icin éncelikle dogalgazdaki karisimi kiitle temelinde

h | k Kir.
il e 0,85mol CH, —13,6 gCH,
1moldogalgaz =

0,15molC,H, —» 4,5 g C,H,
18,19 dogalgaz ) 89
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Xen, =13,69CH, /18,19=0,7519CH, / g dogalgaz
Zen, =499CH, /18,19=0,2499C,H, / g dogalgaz

Ust 1sil deder bilesenlerin yanma isilarindan hesaplanabilir. Ust 1sil deder, alt isil degerlerin (AID) negatif
isaretlisidir.

L"JIDCH4 = (AID)¢, + Ny o (AH,)

802 2 (44,03 WEPE 2 DT V)
16,09 CH,
UID(:QH6 - (AID)C2H6 N0 (AH,)
1428 +3 (44,013 o) I Y
30,0g CH,

UIDdogalgaZ 2 ;(CH4 T ;(CZH6
—0,751x55,6+0,249x52,0 = 54,7k / g dogalgaz
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5. What volume of CH%}? measured at 25°C and 745Torr, must be burned in excess
oxygen to release 1.00x 10°kJ of heat to the surroundings?

CH.:;(E} + 203@} —> CO;(E} + ZHEO(H AH = -890.3kJ

Answer
There 1s 890.3kJ given off for every mole of CH; burned, therefore

the moles of CH, needed are 1.00x10°kJ/(890.3kJ/mol) = 1123mol CH,
V =nRT/P = (1123mol)(.0821)(25°C + 273.15)/(745/760) = 2.80x10*L CH,4

p X
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TABLO Bazi yakitlarin tipik 1sil degerleri

Yakit Ust Isil Deger, kJ/g kcal/kg 1.0 calorie = 4.187 ]
Odun 17 4160,2
Yumusak komur 23 5493,2
Sert komiir 35 8359,2
Fuel oil 44 10508,7
Dogalgaz 54 12897,1
Hidrojen 143 34153,3

p X
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Biyogazin kullanimi

Biyogaz
%60 CH4 Isi %85 —>
%40 CO2
Kayiplar %15 —
Elektirik %35 |—>
Biyogaz
%60 CH4 Isi %50 [—>
%40 CO2
- Kayiplar %15 |——>
Biyometan [
Biyogaz
%60 CH4
%40 CO2
CO,, H,S, H,0 —

1 m3 biyogaz (%65 CH,) kombine
IsI ve elektrik (CHP) Gretiminde kag
kWh enerjiye esdegerdir?
(Biyogaz:

22 MJ/m3=6,11 kcal /m3)

22 MJ / m°biyogaz x 0,35
= 7,70 MJ / m°biyogaz
=2,14kWh

1 m3 metan kombine isI ve elektrik
(CHP) Uretiminde kac kWh enerjiye

esdegerdir? (Metan:
35,8 MJ/m3=6,11 kcal /m?3)

35,8 MJ / m°CH, x 0,35
=12,53MJ / m°CH,
= 3,48kWh
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ORNEK (Kaynak: Anaerobic Digestion of Organic Wastes,

, erisim: Agustos 2017

Merkezi bir anaerobik reaktdrde yilda 100 000 ton bliytikbas hayvan atigi aritiilmaktadir. Bu atiklar 8000 bliytkbas
hayvana tekabul etmektedir.

" TKM muhtevasi %8,5
" UKM %80
" Biyogaz Uretimi 0,25 m3/kg UKM
Enerji Gretimini hesaplayiniz.
cOozUM
1. Biyogaz uretimi;
Yillk kuru kati madde miktari; 100 000 ton/yilx0,085= 8 500 ton/yil
Yilhk ucucu kuru kati madde miktari; 8 500 ton/yi1x0,80= 6 800 ton/yil
Yillik biyogaz uretimi; 6 800 000 kg/yil UKMx0,25 m3/kg UKM =1 700 000 m3/yil biyogaz
Saatlik biyogaz lretimi; 1 700 000 m3/yil biyogaz /(365%24)=194 m3/saat
2. Elektrik ve 1s1 Uretimi;
® Biyogazin kalorifik degeri 22 MJ/m3=22/3,6=6,1 kWh — =W

194 m3/saatx22 M1/m3x(106 /MJ) /(3600 sn/saat)=1 185 946 J/sn= 1 185 kW'sn >


http://www.remade.org.uk/media/9102/an introduction to anaerobic digestion nov 2003.pdf

Yillik biyogaz Gretimi; 6 800 000 kg/yil UKMx0,25 m3/kg UKM =1 700 000 m3/yil biyogaz
Yillik eneriji Gretimi; 1 700 000 m3 biyogaz /yil x 22 MJ/m3 biyogaz =37 400 000 MJ/yil
Yillik eneriji Gretimi; 1 700 000 m3 biyogaz /yil x 6,1 kWh/m3 biyogaz =10 370 000 kWh/yil

KKM Cinsinden

Elektrik Enerjisi; (10 370 000 kWh/yil) / (8 500 ton KKM/yil) x 0,3 = 366 kWh/ton KKM
Isi Enerjisi; (10 370 000 kWh/yil) / (8 500 ton UKM/yil) x 0,55 = 671 kWh/ton KKM

UKM Cinsinden

Elektrik Enerjisi; (10 370 000 kWh/yil) / (6 800 ton KKM/yil) x 0,3 = 457,5 kWh/ton KKM
Is1 Enerjisi; (10 370 000 kWh/yil) / (6 800 ton UKM/yil) x 0,55 = 838,7 kWh/ton KKM
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COZUM (devanm)
Kombine 1si ve gig¢ Uretiminde %30 elektrik ve %55 s Uretimi ortaya cikar.
® Elektrik Gretimi; 1 185 kW-snx0,3=355,5 kW"sn
" Yillik elektrik tretimi; 355,5 kWx24x365=3 110 MW /vl
IsI Uretimi;
" TIsi Gretimi; 1 185 kwx0,55=652 kW
" Yilhk Isi Gretimi; 652 kWx24x365=5 710 MW /il
Bu 1sI anaerobik reaktoriin isitiimasinda, steririlizasyon maksadiyla ya da baska maksatlarla kullanilabilir.

Tablo Isi ve elektrik Uretim Ozeti

Ton/yil Ton/saat kWh MW/yil kWh/ton KKM kWh/ton UKM
KKM 8 500 0,970 - - - -
UKM 6 800 0,776 - - - -
Elektrik Giretimi - - 355,5 3110 366,5 457,5
Isi Uretimi - - 652,0 5710 671,0 838,7
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ORNEK: Ust isil deger hesabi (Kaynak: /fde . Erisim: Eyliil 2017)

Bir yakit agirikga %80 Karbon, %17 Hidrojen ve %3 diger bilesenler bulunmaktadir. Bu yakit igin kg yakit
basina AID’i ve UID'i hesaplayiniz.

COZUM:

Bilesim; € =%30 0,80kg Heat of vaporization of water:
_0 at 100 °C = 542 kcal/kg=805,96 kJ/kg
H_ Hl/ 0.17kg 25 °C= 584 kcal/kg=2445,21 kj/kg
Diger =%3 0,03kg

1,00kg

UID =33800xC +144000>{H —%}92705 (kJ/ kg)

Dulong formiulu

= (33800>< 0, 80) + (144 000 x 0,17) + (9 270 x O) =51520kJ / kg

AID =UID—-(9xH,x2466) ki /kg ya daAID =UID—(9xH x587) kcal / kg
=51520kJ / kg —(9><O,17><2466) =47747,02kJ / kg
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http://www.angrau.ac.in/media/10826/fden123.pdf

ORNEK: Ust isil deger hesabi (Kaynak: http://www.angrau.ac.in/media/10826/fden123.pdf, Erisim: Eylil 2017)

Bir yakit agirikga %80 Karbon, %17 Hidrojen ve %3 diger bilesenler bulunmaktadir. Bu yakit igin kg yakit
basina AID’i ve UID'i hesaplayiniz.

COZUM:
i C =%380 0,80kg 1
Bilesim; H,+-0,—>H,0O
H =%17 0,17kg 2
Diger =%3  0,03kg 29 189

1,00kg 1.0 calorie = 4.187 ] 1g 99

UID =33800xC +144000>{H —%}92705 (kJ/ kg)

E (33800>< 0, 80) + (144 000 x 0,17) + (9 270 x O) =51520kJ / kg =12304, 75kcal / kg

AID =UID —(9x H x2466) (kJ /kg) suyun buharlasma 1s1s
— 51520k / kg ~ (9% 0,17 x 2466) = 47 747,02kJ / kg =11403, 64 kcal/ kg
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ORNEK: Ust isil deger hesabi (Kaynak: /fde . Erisim: Eyliil 2017)

Bir kdmuir numunesi agirlikca %72 Karbon, %9 Hidrojen, %8 Oksijen, %2,5 Azot, %1,5 kikurt ve %7 kil
icermektedir. Bu yakit icin kg yakit basina AID’i ve UID’i hesaplayiniz.

COZUM:
Bilesim;
C=%72
H =%9
O =%8

N =%?2,5
S =%1,5
Kil = %7

1.0 calorie = 4.187 ]

0.72kg  1y1p =33800xC +144000>{H —9}92703 (kJ/ Kg)
0,09kg 8

0,08kg = (338000, 72){144000{0,09——0’08)}(9 270x0,015)
0,025kg 8

0,015kg = 24336 +11520+139,05 = 35995, 05kJ / kg = 8,597 kcal / kg
0,07kg AID =UID—(9xH x2466) (kJ /kg) suyun buharlasma 1ss1
1,00kg =35995,05kJ / kg —(9x0,09x 2466) = 33997,59kJ / kg

=8119,8kcal / kg
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TABLO: Bazi yakitlardaki elementlerin agirlikca % kompozisyonlari

C H 0 N S
Odun 50,00 6,00 43,00 0,50 -
Linyit 70,00 5,00 2300 1,00 = 1,00
Antrasit 77,40 11,80 10,90 - -
Ham petrol 86,00 1300 = - - D -\
Dogal gaz 75,00 24,50 - | 0,50 S

) 100

L | Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bol. Cadis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




ORNEK: Calculate the gross (UID) and net calorific values (AID ya net kalorifik deger) of a coal sample
having the following composition;
C=78% ;H=8%;0=4%;S =4%; N = 2% and ash = 4%

Solution:
) 1 %0
UID = m 8080 x %C +34500( % H _T +2240x %S | kcal / kg
il | 4
=——| 8080x 78+ 34500(8——] +2240x 2.5 |kcal / kg
100 | 8
= ﬁ :630240 + 258750 + 5600] kcal / kg

=8945,9kcal / kg

) 101
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ORNEK SORULAR-1:

1. Sekonder camurlar (C;H,O,N) igin;

a. Karbonun ortalama oksidasyon basamagini hesaplayiniz.

b. Buswell esitligine gore biyogaz Uretimini L CH, / kgUKM cinsinden hesaplayiniz.
c. Biyogazin metan ylizdesini hesaplayiniz.

(4n—a—2b+3cj

C.H.ON,+ H,0 —> CH, +

(4n+a—2b—3cj CO, +cNH,

(4n—a+2b+3cj

2. Elementel analiz sonucuna gore C:%42, H:%6, 0:%52 ve %2 kukurt iceren organik atiklarin kalorifik
degerini hesaplayiniz.
suyun buharlasma 1sis1

AID =UID - (9x H x 2466) (kJ /kg)

UID =33800xC +144000><[H —%}+927OS

Elementlerin agirlikca % kompozisyonlari

C H O N S UID AID
Biyokutle 42,0 6,0 53,0 - 2,0 13,48 M]/kg KKM 12,15 MJ/kg KKM
3220 kcal/kg KKM) 2902 kcal/kg KKM

1.0 calorie = 4.187 ]
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ORNEK SORULAR-2:

3. Substrat kaynag olarak asetik asiti kabul edip, giderilen 1 kg BOI,, basina Uretilebilecek metan
gazi miktarini hesaplayiniz.

4. Lipidlerin (C;sHg,O¢) anaerobik fermantasyonu igin biyogazi metan icerigini Buswell esitligine, karbonun
ortalama oksidasyon basamagina ve biyokimyasal doniisiim modeline gore hesaplayiniz.

Buswell esitligi;

C.H.O N, + H,0 - CH, +

(4n—a—2b+3cj CO, +cNH,

(4n+a—2b—30j (4n—a+2b+3cj
KOOB'na gore;

%CH,= 19 x COD/TOC

%CH,=(4 — MOC)/8 x 100

Biyokimyasal déniisiim modeli; d=4n+a—-2b-3c

C,H,ON. +(2xn+c—b-0.45xdx f, -0.25xd x f,)H,O0 —>
(0.05xd x f,)C.H,O,N +(0.125xd x f,)CH, +(n—c-0.20xd x f —0,125xd x fs,) CO, + (c—0.05xd x f,))NH + (c—-0.05xd x f,) HCO,
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OZET
1. Biyogazin 6zellikleri
2. Biyogaz komposizyonu
3. Kalorifik deger dlgimi
" Alt sl deger
= st isil deger
4. Biyokdtlenin eneriji degeri
5. Biyogaz uretimi,
6. BMP belirleme metodlari
" Kalorifik deger
" Elementel analiz ve Buswell esitligi
" Biyokimyasal reaksiyon yaklasimi
" KOI yaklasimi
" Deney yontemi ile belirleme
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