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Introduction

This document calculates the NOx concentration in mg/Nm? on a dry basis, corrected to 5% O, for a diesel
generator operating at prime load. The calculation is based on the generator power output, fuel consumption,
dry air intake flow, and the reported CO and HC emissions factors. A full elemental balance is carried out
to determine the exhaust water content, dry oxygen concentration, and dry exhaust volume flow.

Given Data

Prime power output: P = 402 kW

Fuel consumption: SFC = 204 g/kWh output

Dry air intake flow: rig; = 32 kg/min

Exhaust gas flow (datasheet, reference only): megpnaust = 33 kg/min
NOx emissions factor: Enyo, = 4.76 g¢/kWh output

CO emissions factor: Eco = 0.28 g/kWh output

HC emissions factor: Exe = 0.04 g/kWh output

Assumptions

Intake air is dry.

Dry air contains 23.2% O by mass and 76.8% N2 by mass:

Xogair =0.232,  Xny.air = 0.768

Diesel fuel is approximated as CHj go.

All burned hydrogen forms H5O.

All burned carbon forms COs, except for the fraction reported as CO.
HC emissions are treated as unburned fuel.

Minor species such as NOx and PM are neglected in the bulk exhaust composition balance because
their effect on total exhaust molar flow is negligible.

Standard molar volume:
1 kmol = 22.414 Nm?



e Molecular weights used:
MWo, = 32 kg/kmol

MWy, = 28 kg/kmol
MWeo, = 44 kg/kmol
MWeo = 28 kg/kmol
MWp,o = 18 kg/kmol
MW oe = MWe, ,, = 12+ 1.92 = 13.92 kg/kmol

Step 1: Convert Air and Exhaust Flows to kg/h

Dry air intake flow:

kg 60 min
i air — 2 —
m 3 min x 1h
kg
Nair = 1920 —=
" h
Exhaust gas flow from datasheet:
kg 60 min
Mexhaust = 33 ? 1h
. k
Mezhaust = 1930 ig
Step 2: Convert Fuel Consumption to kg/h
Fuel consumption is given as:
g
SEFC =204 ——
kWh
Electrical output at prime load:
P =402 kW = 402 @
Fuel mass flow in g/h:
. - g kWh
M fyel,total = 204 KWh x 402 N
g

m.fuel7total = 82008 E

Convert g/]l (6] kg/h
Y = 82008 = X
M fuel,tota

Ltotal h 1000 g

k
mfuel,total = 82.008 ig



Step 3: Convert HC and CO Emissions to kg/h

HC emissions factor: o
Fpgc =004 ——

kWh
HC mass flow in g/h:
. B g kWh
muygc = 0.04 KWh x 402 h
e = 16.08 %

Convert to kg/h:

. g 1 kg
—16.08 &
mHe b 1000 g
kg

mpgc = 0.01608 N

CO emissions factor:

g
E =0.28 ——
co = 0.28 W

CO mass flow in g/h:

. g kWh
—02 402 242

Mmoo =028 11 x 402 =
oo = 112.56 %

Convert to kg/h:

' 11256 8 % L K8
mco = .56 =
co h = 1000 g

K
eo = 0.11256 f

Step 4: Fuel Burned

The unburned HC is treated as fuel that did not combust. Therefore, the burned fuel mass flow is:

mfuel,burned = mfuel,total - mHC

k k
T fuel purned = 82.008 f —0.01608 f

. kg
M fuel,burned = 81.99192 i
Step 5: Carbon and Hydrogen Fractions in Fuel

For the surrogate fuel CHj gs:
Total molecular weight:
MWiyer = 124 1.92 = 13.92 kg /kmol

Carbon mass fraction:

12
YT
X =0.86207
Hydrogen mass fraction:
192
T 13.92
Xy =0.13793



Step 6: Carbon and Hydrogen Mass Flows in Burned Fuel

Carbon mass flow in burned fuel:
mC,burned = XC’ X mfu,el,burned

k
M burned = 0.86207 x 81.99192 f

ke C
M purmed = T0.68269 gT

Hydrogen mass flow in burned fuel:

mH,burned = XH X mfuel,burned

k
Tt purned = 0.13793 x 81.99192 Fg
ke H
Tt purned = 11.30923 gT
Step 7: Carbon Leaving as CO
CO mass flow:
. kg
mco = 0.11256 f
Carbon mass fraction in CO: 19
28
Carbon mass flow in CO: 15
. — X8 1<
me,co = 0.11256 h X 93

kg C
me.co = 0.04824 gT

Step 8: Carbon Leaving as CO,
Carbon not in CO is assumed to leave as COs:

Mc,co, = MCburned — MC,CO

kg C kg C
Me.co, = 70.68269 gT —0.04824 gT
kg C
e.co, = 70.63445 gT
Convert carbon to CO4 using the mass ratio %:
44

Mmoo, = Mc,co, X 2

kg C 44
co, = T0.63445 gT x T

kg CO
oo, = 258.99298 ~2 —



Step 9: Hydrogen Leaving as H,O

All burned hydrogen is assumed to form H5O.
Mass ratio:
1kg H—9 kg H,O

Therefore:
mHgO =9 x mH,bu'rned

ke H
o =9 x 11.30923 gT

kg H2O
o = 101.78307 -2 =
Step 10: Oxygen and Nitrogen Entering with Air
Oxygen entering with dry air:

mOg,in = XOg,air X Mair

. kg
170, in = 0.232 X 1920 12

kg O
MOy in = 445.44 22

Nitrogen entering with dry air:
mNg,in = XNg,aiT X mau

k
TNy in = 0.768 x 1920 Kg

oy i = 1474.56 <82
’ h
Step 11: Oxygen Consumed to Form CO-

For carbon forming COs:
12 kg C 4+ 32 kg Os — 44 kg CO4

Therefore the oxygen required per kg carbon is:

g kgOQ
12 kg C

So:

. . 32

mo,,co, = MC,co, X D)

kg C 32
n 12

kg 02
h

Tho, co, = 70.63445

o, co, = 188.35852



Step 12: Oxygen Consumed to Form CO
For carbon forming CO:
12 kg C + 16 kg O3 — 28 kg CO
Therefore the oxygen required per kg carbon is:

E kgOg
12 kg C

So:

16

m =m X
0,,CO c.cox 15

kg C 16
j =0.04824 == x —
momco 0.0482 h X 12

mo,,.co = 0.06432

kg OQ
h

Step 13: Oxygen Consumed to Form H,O
For hydrogen forming water:

1 kg H+ 8 kg O — 9 kg HyO
Therefore:

m027H20 =8 X mH,burned

ke H
Mo, 1,0 = 8 x 11.30923 gT

kg 02

1o, ,0 = 90.47384

Step 14: Total Oxygen Consumed

mOQ,consumed = mOQ,COQ + mOg,CO + mOQ,HzO
k k k
110y consumed = 188.35852 f +0.06432 f +90.47384 f

kg Oq
h

MO, consumed = 278.89668

Step 15: Oxygen Remaining in the Exhaust

MOy, 0ut = TMOy,in — MO, ,consumed

k k
MOy.out = 445.44 f — 278.89668 f
kg O
110y out = 166.54332 gh 2



Step 16: Convert All Exhaust Species to kmol/h

Nitrogen:

Oxygen:

Carbon dioxide:

Carbon monoxide:

Water:

Unburned HC:

- TN, ,in
MWh,
147456 kg/h
N2 =708 kg /kmol
kmol

ny, = 52.66286

. _ MO,,0ut
no, T

~ MW,

o 166.54332 ke/h
@27 32 kg /kmol

kmol

o, = 5.20448

mco,
MWCO2

258.99298 kg/h
44 kg /kmol

kmol

nco, =

nco, =

oo, = 5.88620

o mco
cO MWCO
o 011256 kg/h
“0 ™ 28 kg /kmol
kmol
oo = 0.00402 20
i MH,0
H>O MWHQO
o _ 10178307 kg/h
07 g kg /kmol
kmol

fr,0 = 5.65462

_ mgc

- MWy
~0.01608 kg/h
~ 13.92 kg/kmol

kmol

nHC

npc

ngc = 0.00116




Step 17: Total Wet and Dry Exhaust Molar Flow

Total wet exhaust molar flow:
Nwet = NN, + N0, + Nco, + Nico + NE0 + NHC

kmol

Nwet = 52.66286 4 5.20448 + 5.88620 + 0.00402 + 5.65462 + 0.00116 o

kmol

Nywer = 69.41334

Total dry exhaust molar flow excludes water:

hdry = hwet - hHgO

kmol kmol
Ry = 69.41334 2 — 565462 ~——
kmol
Ryy = 63.75872 T)
Step 18: Water Content in Wet Exhaust
Wet-basis mole fraction of water:
NH,0
YH>0,wet = —
Naet

5.65462 kmol /h
69.41334 kmol /h

YH,0,wet =

YH,0,wet = 0.08146

Convert to % v/v wet basis:

Y%v/v HyO = 0.08146 x 100

%v/v HyO = 8.15%

Step 19: Oxygen Content in Dry Exhaust

Dry-basis mole fraction of oxygen:

_ No,
yOQ,dry =
Ndry

5.20448 kmol/h
63.75872 kmol/h

YOq,dry =

YO,,dry = 0.08163
Convert to % v/v dry basis:

%v/v O = 0.08163 x 100

%U/’U 02 = 816%



Step 20: NOx Mass Flow in mg/h

NOx emissions factor: o
Enos =476 ——

kWh
NOx mass flow in g/h:
kWh
o, = 476 o x 402 =
. _ g
myogz = 1913.52 N
Convert to mg/h:
1000
o, = 191352 £ x ng

inos = 1,913,520 ng

Step 21: Convert Dry Exhaust Molar Flow to Dry Nm?3/h

. Nm?
Viry = oary x 22414 =

mol

kmol Nm?

/0w = 63. 2 22.414
Viry = 63.7587 X -

. Nm?
Vipy = 1420.17 ——

Step 22: Calculate NOx Concentration in mg/Nm? Dry

1,913,520 mg/h

ENOz.dry = 459 17 Nan3 /h

mg

Cxow.ary = 1338.90 =

Step 23: Correct NOx to 5% O,

The dry oxygen correction formula is:

209-5
CNOz,S%Og = CNOx,dry X m
Substituting the dry oxygen concentration:

mg  209-5

CNoOw5%0, = 1338.90 Nm3 % 20.9 — 8.16

mg 15.9
CNoz5%0, = 1338.90 s X T5d
m
CNoxs5%0, = 1671.26 NrfS



Final Result

The calculated exhaust water vapour concentration is:

‘8.15% v/v (wet basis) ‘

The calculated dry oxygen concentration is:

‘ 8.16% v/v (dry basis) ‘

The calculated NOx concentration is:

1,339 mg/Nm? dry
| |

The NOx concentration corrected to 5% Og is:

‘ 1,671 mg/Nm? dry at 5% O, ‘
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