
BOILERS

EXAMPLE No. 4

CALCULATION METHODOLOGY FOR 

BIOFUEL'S EFFICIENCY COEFFICIENT



Boiler‘s efficiency coefficient is percentage value, indicating

how efficiently boiler works.

Boiler‘s efficiency coefficient is determined, by calculating all

losses, by which (for working boiler) certain amount of heat is

lost:



1. Heat losses to the outgoing smoke flue gas;

2. Heat losses due to incomplete combustion chemical;

3. Heat losses due to incomplete mechanical combustion;

4. Heat losses through the walls of the boiler, %.



Boiler‘s efficiency coefficient 𝜂𝑏, %, is calculated by a formula:

𝜂𝑏 = 100 − 𝑞2 − 𝑞3 − 𝑞4 − 𝑞5

Here:

• 𝑞2 – heat losses to the outgoing smoke flue gas, %;

• 𝑞3 - heat losses due to incomplete combustion chemical, %;

• 𝑞4– heat losses due to incomplete combustion mechanical, %;

• 𝑞5– heat losses through the walls of the boiler (to the environment), %.



Heat losses to the outgoing smoke flue gas depends from the

composition of fuel components, out-going temperature of smoke,

oxygen concentration in the smoke and fuel’s lower combustion

heat.

1. Heat losses to the outgoing smoke 𝒒𝟐 , %.



Each heat losses of smoke, 𝑘𝐽/𝑘𝑔, component are calculated :

𝑄2 = 𝑄𝑂2 + 𝑄𝑁2 + 𝑄𝑅𝑂2 + 𝑄𝐻2𝑂

Here:

𝑄𝑂2– heat losses with heated air;

𝑄𝑁2– heat losses due to nitrogen;

𝑄𝑅𝑂2– heat losses with three-atom gas;

𝑄𝐻2𝑂– heat losses with water vapor.



Heat losses with heated air are calculated:

𝑄𝑂2 = 𝑉𝑎𝑖𝑟
0 × 𝐶𝑝𝑂2 × ∆𝑡

Here:

𝑉𝑎𝑖𝑟
0 – air volume, needed to burn 1 kg fuel, 𝑚3/𝑘𝑔;

𝐶𝑝𝑂2– specific heat, kJ/kg×K (see Annex 1);

∆𝑡– temperature differential between supplied air and out-going

smoke, °C.



There are 23% of oxygen in the air. Air density in normal

conditions 𝜌 = 1,293 kg/m3.

Theoretically for combustion needed air volume for one kg solid

fuel, m3/kg, is calculated:

𝑉𝑎𝑖𝑟
0 = 0,0899 𝐶 + 0,375 × 𝑆 + 0,265 × 𝐻 − 0,033 × 𝑂



Heat losses due to nitrogen kJ, calculated:

𝑄𝑁2 = 𝑉𝑁2
0 × 𝐶𝑝𝑁2 × ∆𝑡

The volume of nitrogen, m3/kg, in presence of excess air,

calculated:

𝑉𝑁2
0 = 0,79𝑉𝑎𝑖𝑟

0 + 0,008𝑁

The volume of three-atom gas, m3/kg, calculated:

𝑉𝑅𝑂2 = 0,01866 𝐶 + 0 375 × 𝑆



Here:

C– concentration of carbon in the fuel, %;

S – concentration of sulfur in the fuel, %.

Heat losses with three-atom gas are calculated:

𝑄𝑅𝑂2 = 𝑉𝑅𝑂2 × 𝐶𝑝𝑅𝑂2 × ∆𝑡

The volume of water vapor, m3/kg, calculated:

𝑉𝐻2𝑂 = 0,111 × 𝐻 + 0,0124 ×𝑊 + 0,0161𝑉𝑎𝑖𝑟
0



Here: 

H– concentration of hydrogen in the fuel, %; 

𝑊– concentration of humidity in the fuel, %.  

Heat losses with water vapor are calculated:

𝑄𝐻2𝑂 = 𝑉𝐻2𝑂 × 𝐶𝑝𝐻2𝑂 × ∆𝑡

The volume of out-going smoke, m3/kg, calculated:

𝑉𝑜𝑢𝑡
𝑠𝑚𝑜𝑘𝑒 = 𝑉𝑅𝑂2 + 𝑉𝑁2

0 + 𝑉𝐻2𝑂 + 𝛼𝑏 − 1 𝑉𝑎𝑖𝑟
0
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Here:

𝛼𝑏– excess air coefficient in the furnace.

The volume of out-going dry smoke, m3/kg, calculated:

𝑉𝑑𝑠 = 𝑉𝑅𝑂2 + 𝑉𝑁2
0 + 𝛼𝑏 − 1 𝑉𝑎𝑖𝑟

0

In order to get expression of percentage of heat losses with

outgoing smoke, you need to calculate the hourly fuel

consumption, kg/h:



𝐵𝑓𝑢𝑒𝑙 =
𝛽 × 𝑄

𝑄𝐿𝐶𝐹 × 𝜂𝑏

Here:

𝛽 – coefficient, which evaluates heat losses to the environment
(𝛽 = 1,02);

Q – capacity of the boiler, kW;

𝑄𝐿𝐶𝐹 – lower calorific of fuel, kJ/kg;

𝜂𝑏 – boiler‘s efficiency coefficient.



Heat losses, kW, with fuel are calculated:

𝑄𝑓𝑢𝑒𝑙 =
𝑄

𝜂𝑏

Heat losses with outgoing smoke, 𝒒𝟐, %, are calculated:

𝑞2 =
𝑄2
𝑄𝑓𝑢𝑒𝑙



Heat losses due to chemical unburn are calculated by using

smoke analyzer, by measuring carbon monoxide (CO)

concentration in smoke (mg/m3).

Heat losses Q3, kJ, due to chemical unburn are calculated:

1.2 Heat losses due to chemical, 𝒒𝟑, %.



𝑄3 =
𝑄𝐶𝑂 × 𝐶𝑂 × 𝑉𝑑𝑠

106

Here:

𝑄𝐶𝑂– CO calorification, 10110 J/kg;

CO – concentration in smoke, mg/m3;

𝑉𝑑𝑠– the volume of dry smoke, m3/kg.



Concentration smoke is determined by gas analyzer or by

calculations:

𝐶𝑂 =
21 − 𝛽 × 𝑅𝑂2 − 𝑅𝑂2 + 𝑂2

0,605 + 𝛽

𝛽 – dimensionless fuel characteristic, depending from the

composition of fuel and calculated:



𝛽 = 2,37
𝐻 −

𝑂
8

𝐶 + 0,375 × 𝑆

𝑅𝑂2 = 𝐶𝑂2 + 𝑆𝑂2

Heat losses due to chemical unburn, %, are calculated:

𝑞3 =
𝑄3
𝑄𝑓𝑢𝑒𝑙



Heat losses due to incomplete mechanical combustion fuel are
calculated:

𝑞4 = 0,1 × 𝑧 × 𝐵𝑓𝑢𝑒𝑙 × 𝐴𝑓𝑢𝑒𝑙

Here:

𝐵𝑓𝑢𝑒𝑙 – the amount of fuel consumed kilograms per hour, kg/h.

z – coefficient (0,2);

1.3. Heat losses due to incomplete mechanical

combustion fuel, 𝒒𝟒, %.



𝐴𝑓𝑢𝑒𝑙 – fuel ash content, %;

Heat losses with ashes shifts depending upon the consumption

amount of fuel, when capacity of the boiler is shifting. Therefore

the amount of fuel consumption 𝐵𝑓𝑢𝑒𝑙 is estimated in the

formula.



When temperature of boiler's external surface is greater than

ambient temperature. It's difficult to assess these losses due to

various reasons: different power of boilers, different surfaces and

temperatures. Temperature of boiler's external surface is

regulated (it must not exceed 45°C ).

1.4. Heat losses q5, %, through the walls of boiler.



Through it‘s external surface, Thermal losses of water heating
boiler can be chosen according to power of the boiler (Table
1):

Table 1

The 

nominal 

capacity 

of boiler, 

MW
1 2 3 5 10 20 30 40 60 100

𝑞5, % 5 3 2 1,7 1,5 1,2 1,0 0,9 0,7 0,5



For steam boiler 𝑞5, %:

Diagram 1. Steam boiler's heat losses dependence from boilers efficiency

Here: produced amount of steam tons per hour (t/h).



Table 2

The average of massive gas specific heat,  𝒄𝒑𝒎 , 𝒌𝑱/𝒌𝒈 × 𝑲
Temper.,

°C

𝐶𝑂 𝑂2 𝑁2 𝐻2 𝐻2𝑂 𝑆𝑂2 Air 𝐶𝑂2

0 1,0336 0,9148 1,0392 14,195 1,8594 0,6070 1,0036 0,8148

25 1,0356 0,9169 1,0395 14,235 1,8628 0,6143 1,0042 0,8276

50 1,0376 0,9190 1,0398 14,274 1,8661 0,6215 1,0049 0,8403

75 1,0396 0,9211 1,0401 14,314 1,8695 0,6288 1,0055 0,8531

100 1,0417 0,9232 1,0404 14,353 1,8728 0,6360 1,0061 0,8658

150 1,0440 0,9295 1,0419 14,387 1,8833 0,6490 1,0088 0,8880

200 1,0463 0,9358 1,0434 14,421 1,8937 0,6620 1,0115 0,9102

250 1,0500 0,9429 1,0461 14,434 1,9065 0,6745 1,0153 0,9295

300 1,0538 0,9500 1,0488 14,446 1,9192 0,6870 1,0191 0,9487

350 1,0586 0,9576 1,0528 14,462 1,9335 0,6975 1,0237 0,9657

400 1,0634 0,9651 1,0567 14,477 1,9477 0,7080 1,0283 0,9826

450 1,0691 0,9722 1,0614 14,493 1,9628 0,7160 1,0335 0,9977

500 1,0748 0,9793 1,0660 14,509 1,9778 0,7240 1,0387 1,0128

550 1,0804 0,9860 1,0710 14,526 1,9935 0,7305 1,0442 1,0262

600 1,0861 0,9927 1,0760 14,542 2,0092 0,7370 1,0496 1,0396

650 1,0919 0,9988 1,0815 14,565 2,0256 0,7455 1,0551 1,0518

700 1,0978 1,0048 1,0869 14,587 2,0419 0,7540 1,0605 1,0639

750 1,1034 1,0103 1,0922 14,614 2,0587 0,7580 1,0658 1,0746

800 1,1091 1,0157 1,0974 14,641 2,0754 0,7620 1,0710 1,0852

850 1,1145 1,0208 1,1026 14,674 2,0926 0,7685 1,0763 1,0949

900 1,1200 1,0258 1,1078 14,706 2,1097 0,7750 1,0815 1,1045

950 1,1252 1,0304 1,1129 14,741 2,1267 0,7790 1,0861 1,1135

1000 1,1304 1,0350 1,1179 14,776 2,1436 0,7830 1,0907 1,1225

1100 1,1401 1,0434 1,1271 14,853 2,1771 0,7910 1,0999 1,1384

1200 1,1493 1,0509 1,1359 14,934 2,2106 0,7650 1,1082 1,1530
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