




 
 

              

Unit Wood pellet
Adaro

(Main Coal)

Proximate Analysis (dry basis)

1 Moisture (a.r.b.) % 8.98 28

2 Inherent Moisture (a.d.b.) % 3.76 14.5

3 Ash (a.d.b.) % 2.73 2.8

4 Volatile Matter (a.d.b.) % 79.97 42.7

5 Fixed Carbon (a.d.b) % 13.54 40.1

6 Calorific Value (g.a.r.) kcal/kg 4728 4900

7 Calorific Value (n.a.r.) kcal/kg 4414 4554

8 Total Sulphur % 0.013 0.1

Ultimate Analysis
1 Carbon (dry ash free basis) % 53.57 74

2 Hydrogen (dry ash free basis) % 6.28 5.13

3 Nitrogen (dry ash free basis) % 0.26 1.02

4 Oxygen (dry ash free basis) % 39.89 19.7

5 Sulphur (dry ash free basis) % <0.013 0.15

PARAMETERS 

DESCRIPTION

PILOT TESTING REPORT ON THE CO-FIRING OF WOOD PELLET 
WITH COAL ON THE CBNC BOILER 

 
I. Outline 

 
In order to achieve CO2 reduction targets, coal fuels, which account for the majority of emissions, must 
be converted. In order to reduce CO2 emissions by replacing some of the coal with biomass fuel, which 
is considered a carbon-neutral fuel, a co-firing test was conducted in November 2022 using wood 
pellets (hereafter WP) at 1 cal% of coal. As no adverse effects on the boiler equipment or the 
environment were identified in the test, a short-term co-firing test with an increased WP mixing ratio 
was conducted on June 1, 2023. This report summarizes the results of the Flue Gas and Ash analysis 
values. 
 

II. Objective 
 

As stated in the reported [Pilot testing report on the co-firing of 1% wood pellet with coal on the CBNC 
boiler.], it was confirmed that a WP mixing ratio of 1 cal% is not likely to have adverse effects on 
boiler facilities and the environment. For further validation, actual field tests up to a mixing ratio of 5 
cal% were carried out this time. 
 

III. Test Plan 
 

Test object 
 
Line 1 boiler (Rated steam generation; 105t/h) 
Line 1 boiler is easier to handle because there is less clinker formation in the furnace. 
 
Biomass fuel 
 
Various factors or elements 
 
・Type：Wood pellets（White pellet） 

・Trading company：Hanwa Co., Ltd. 

・Amount used：260 MT 

・Exporting country：Malaysia 

・Composition：See Table 1. Typical composition comparison table. 
 

Table 1. Typical composition comparison table 
 

 
 
 
 
 
 
 
 
 
 
 
 

Note:  
a.r.b=as-received basis , a.d.b= air-dried-basis, g.a.r=gross calorific value, n.a.r= net calorific value 



 
 

              

  
Gas NOx SOx CO Opacity 

Unit ppm ppm ppm % 

Regulation value (daily ave) 532 267 437 20 

Pure Coal May30-31 ave 143.4 38.9 57.9 3.9 

2cal% WP co-firing Jun1-2 ave 143.3 39.2 57.3 3.8 

3cal% WP co-firing Jun3-5 ave 145.2 38.0 57.3 4.3 

4cal% WP co-firing Jun6-8 ave 150.0 38.0 65.0 3.1 

5cal% WP co-firing Jun9-20 ave 148.7 36.7 72.2 3.2 

 

 
 
 
Testing period 

 
June 1, 2023 to June 12, 2023 and June 15, 2023 to June 20, 2023. 

 
IV. Testing Procedure 
 

Coal and WP were mixed to a predetermined ratio in advance in the coal shelter at pier site, conveyed 
into the coal bunker and fed into the boiler Furnace (coal feed). 
 

V. Results of Co-firing Testing 
 
Fluctuations were closely monitored and recorded to ensure that emission values did not exceed 
regulatory limits during the test period. In addition, Ash sampling was carried out at each mixing 
ratio and Ash analysis was performed. The results are reported below.  
 
Emission Gas 
 
Table 2. shows the regulation values of the daily average Emission Gas and the average value for each 
mixing ratio during the test period. In order to strictly observe the air quality standard, the test could 
be stopped immediately in case of any abnormality, such as an increase in the Emission Gas analysis 
value, and the furnace condition was to be restored. 
 
In conclusion, the various Emission Gas analysis values during this test period did not exceed the 
regulation values and the results were well within the regulation values. Therefore, it was concluded 
that there was no environmental impact from the Emission Gases during the consumption of the WP 
in this study. The status of each Emission Gas is described below. 

 
Table 2. Result of Emission Gas values. 

 
 
 
 
 
 
 
 
 
 
 
 
 

NOx (NO2) 
 
During the testing period, the NOx values tended to increase slightly compared with those during the 
pure coal operation, although it is clearly lower than the regulation value. The average value for the 
period was around 150 ppm for co-firing compared to 143 ppm for pure coal operations. 
 
In general, Fuel NOx decreases when WP is consumed, as its Nitrogen content is lower than that of 
coal. As Thermal NOx varies depending on the combustion conditions, the increase in NOx values in 
this test can be attributed to an increase in Thermal NOx content, which can be controlled by adjusting 
the boiler's air-fuel ratio (primary and secondary air), which is empirically adjusted to the combustion 



 
 

              

conditions in the furnace. This is adjusted empirically according to the combustion conditions in the 
furnace, so repeated adjustments should be made to study the optimum combustion conditions. 
The above results show that there is sufficient margin for the regulation of 532 ppm, so it is judged that 
there is no problem in continuing co-firing. 

 
 

SOx (SO2) 
 
During the testing period, the SOx values tended to decrease slightly compared with those during the 
pure coal operation. The average value was 39 ppm for co-firing compared to 37 ppm for pure coal 
operations. 
 
In general, when WP is consumed, SOx decreases because its Sulphur content is lower than that of 
coal. A slight but decreasing trend was observed in this test. 
The above results show that there is sufficient margin for the regulation of 267 ppm, so it is judged that 
there is no problem in continuing co-firing. 
 
CO 
 
During the testing period, the CO value increased compared to that during the pure coal operation. The 
average value for the period was 72 ppm for co-firing compared to 58 ppm for pure coal operations. 
 
In general, when WP is consumed, volatile matter, a component that easily evaporates under high 
temperature conditions, is more abundant than coal, so volatile matter burns first and consumes O2, 
resulting in a shortage of O2 and an increase in CO due to incomplete combustion. As with NOx, CO 
can be controlled by adjusting the air-fuel ratio of the boiler, so it is necessary to study the optimum 
combustion conditions through repeated adjustments. 
 
The above results show that there is sufficient margin for the regulation of 437 ppm, so it is judged that 
there is no problem with continuing co-firing. 

 
Opacity 
 
During the testing period, there was no increase in the opacity value compared to the pure coal 
operation. The average value for the period was 4% for full-time burning and about 4% for mixed 
burning. 
 
Although the Opacity is affected by the combustion conditions in the furnace and the charging 
conditions of the electrostatic precipitator, it was stable throughout the test period, and it was judged 
that there were no problems caused by co-firing. 

 
 

Ash constituent 
 
Table 3. Ash analysis results show the regulation values and the analysis values for each mixing ratio 
during the testing period based on "DAO 2013-22, DENR (Department of Environment and Natural 
Resources) Administrative Order No. 2013-22". 
 
In conclusion, the Ash analysis values during the testing period did not exceed the regulation limits 
and were well within the limits. Therefore, it was concluded that there was no environmental impact 
from Ash during the consumption of WP in this study.  

 
 

 
 




















