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Abstract 

 
Due to the increasing concern about the pollution and the consequences it has on the health and in 
the environment the European Union is trying to encourage ecological design to energy-related 

products in countries belonging to the EU. Recently, the 24th of April of 2015, they introduced a 
regulation concerning to the ecological design of the heating appliances fired by solid fuels. The 1st of 
July of 2018 the Swedish Government will into force these new requirements and tighten the CO 
emission to 1500ppm with content of 13% of O2 in the flue gas. If these products are not modified 
to meet the new requirements in an affordable price they will disappear. In this project one inlet 
appliance is modified in an optimal way to reduce its emission below the established limits so that it 
does not disappear. In the present case study, the influence of the quantity and frequency of the 
refuelling (which influences in nominal heat output), the size of the used logs, the combustion 
temperature and the excess air-ratio and jet of the air inlets in the combustion are investigated. The 
experiment starts with simple changes and more complex changes are implemented as it progresses. 
The stove is developed changing all the parameters before to meet the new requirements. The 
refuelling wood frequency and quantity is set so that the stove has a high load and the efficiency is 
high enough for a good combustion. It is suggested a maximum size of refuelling logs so that they are 
not too big for burning in the proper way. Insulation plates were added to the stove to improve its 
efficiency and keep a higher temperature in the combustion chamber. Some holes are also made so 
that there is not lack of oxygen and the air jets make a better mixing when they hit the flue gasses. 

KEYWORDS: CO emission, woodstoves, biomass, nominal heat output, temperature, 

excess air-ratio, air-mixing, efficiency 
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Nomenclature 
 

 

 
GRE
EK 

DESCRIPTION UNI
T 

η Efficiency of the stove % 

 
λ 

Excess air ratio (ratio between the amount of 

available air and the amount of air required 

theoretically) 

 
- 

 
 

LA
TI
N 

DESCRIPTION UNIT 

MREFUEL Refuelling wood mass kg 

HFUEL Calorific value of the fuel kJ/kg 

tREFUEL Refuelling time h 

COCONTENT The content of CO in the flue gas ppm 

COAVG 

The mean value of CO recorded during 

each test 
ppm 

CO2 AVG 

The mean value of CO2 recorded during each 

test 
ppm 

CO2 MAX 

The maximum value of CO2 recorded during each 

test 
ppm 

O2 AVG 

The mean value of O2 recorded during each 

test 
ppm 

 
O2 ESTANDARDIZED 

The value of O2 on the basis of which the 

COCONTENT is going to be calculated 

 
ppm 

 
 

ABBREVIATIONS AND ACRONYMS DESCRIPTION UNIT 

NHO Nominal heat output of the stove kW 

WHO World Helad Organization - 

EU European Union - 
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1 Introduction 

 
1.1 Background 

Due to the increasing concern about the pollution and the consequences it has on the health 

and in the environment the European Union is trying to encourage the countries belonging 

to the EU to establish ecological design to energy-related products [1]. Recently, the 24th of 

April of 2015, they introduced a regulation concerning to the ecological design of the heating 

appliances fired by solid fuels. In this regulation new limits for the efficiency and the emission 

of the appliances were specified and the set deadline to meet these requirements is the 1st of 

January of 2022 [2]. 

For room heaters, the new regulation implies a tightening in the requirements for emissions 

of CO and efficiency, but there are no requirements imposed for NOx, because high 

demands for lower NOx and other emission parameters at the same time is difficult to 

achieve with today´s technology [3], as NOx is a emission increases with complete 

combustion and CO increases with incomplete combustion [4]. 

The small-scale wood burning is a very important energy supply in Sweden and the air 

pollution caused by this energy source has a significant impact. WHO estimates 1 000 

premature deaths a year because of the air pollution caused by wood burning. It is therefore 

important to reduce the health affecting air pollutants [3]. 

In Boverket´s explanation about the pollutants that have a health-impact, they do not mention 

the CO, and they mention instead the fine particles, benzapyrene, the nitrogen oxides and 

the volatile organic compounds. 

Nevertheless, some other researchers conclude that the CO poisoning can have really 

dangerous health effects, especially in susceptible population groups such as pregnant people, 

from cardiovascular and neurobehavioral effects at chronic low concentration exposition to 

unconsciousness and death after prolonged exposition to higher concentrations. The World 

Health Organization does not recommend higher expositions than 9ppm in multi-hour 

ambient and a maximum of 50ppm in occupational exposure [5]. 

Due to these reasons, the Swedish government decided to come this new regulation into 

force the 1st of July of 2017, with a transition period of a year [3]. This means Swedish 

manufacturers will have to meet this tightened requirements 4 years before any other EU 

belonging country’s manufacturers. 

The consequences of the Swedish government introducing this regulation prematurely is that 

the small business that are not able to develop the stoves correctly will not be able to sell 

them any longer. As the Swedish manufacturers will have to meet the requirements before 

other countries, there are not so many studies and developments as there will be when other 

countries start to adapt their stoves to the new requirements, so it will be harder for them 

to make these changes. 

This case study has been proposed by a company to develop a stove so that meets the new 

requirements and does not disappear from the market. 
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1.2 Literature Review 

In the literature research done before the investigation started it was found that there are a 

lot of parameters that affect in the CO emission. 

Regarding to the load, there are some contradiction between researches and manufacturer’s 

recommendation to costumers. Some studies claim that the CO is higher when there is a high 

heat requirement, because when there is a hot, burning flame the efficiency is better and 

there is better burnout than when the embers glow [6]. For having lower CO emission the 

fire should not slumber between refuels. On the other hands, there are some manufacturers 

that recommend not refuelling the fire until there are not visible flames [7]. 

Moreover, the type of fuel used and its condition is also important. For example, dry wood 

is going to have lower CO emission than wet wood, but it seems that the kind of wood used 

(oak, chestnut…) it does not make such a difference [6]. On the other hand, using different 

type of fuel, in this case charcoal instead of wood, has a really big difference in the CO 

emission, wood have less emission than coal [8]. 

There also was found information about the effect of the temperature and the need of air 

mixing in the CO emission. According to the RISE (Research Institutes of Sweden), as the 

temperature rises further, a degassing process, called pyrolysis in the absence of oxygen, 

begins. The heat decomposes the solid material in the wood and converts it on a gaseous form 

that is mainly formed by carbon monoxide and hydrocarbons. This gas flows out of the wood 

and meets acidic air and begins to burn. Gas combustion can be seen in the form of a flame. 

To get a good combustion of the gases, they must be mixed well with the air and they must 

not be cooled too fast. The minimum temperature to burn out carbon monoxide properly, 

should not be lower than about 650 ° C [9]. Of course, the temperature that are going to be 

obtained in this study are not that high as the stove that is going to be studied cannot handle 

so high temperatures, but they are going to be as high as possible to get the best burn out 

possible. But other systems that could lead to a cooling should also be avoided. On the other 

hand, there have been cases where open fire have been lower CO emission than closed stoves, 

which is totally contradictory to the other studies found and may be because the other 

appliances’ design is not the proper one so the combustion is not good [10]. 

As mentioned before, the air and the flue gases need to be well mixed. Some systems for 

emission reduction in the biomass burning, such as air-staging use secondary air injections for 

a better mixing of the flue gases and the air and to get a better burnout. In these articles it is 

also mentioned the importance of a proper excess air-ratio (λ) so the quantity of available air 

is at least enough for a good combustion. The ratios recommended for a better burn out are: 

λ>1 for the total excess air-ratio, that would be at least the stoichiometric amount of air. In 

some founded cases the recommendation for the total excess air ratio was to be far higher 

than the theoretically needed, from 1,2 to 1.6, so that there is a margin between the theory 

and the reality, and the primary one to be λ1 = 1 [4], [11], [12]. The high excess air should 

neither be too high, as this can lead to a colder chamber, resulting in high CO emission [13]. 

There were also found developments that could be more effective for getting a efficient and 

environmental friendly combustion such as air-staging and co-combustion, but those changes 

were too complicated and expensive to carry out. In air-staging the combustion chamber is 
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divided in two zones, primary and secondary combustion zones as in the Figure 1. There is 

an air inlet in each zone, the first one is in the height of the fuel bed and the secondary one in 

the point where the primary and secondary air are separated. In the primary zone there is a 

residence time for the flue gases that helps reducing the NOx, and the secondary air inlet 

helps mixing the air so there is a better burnout. Co-combustion is the co-utilization of 

biomass and another fuel. This makes the combustion more efficient and the NOx emission 

is reduced. The one in the Figure 2 is a sample of indirect co-firing, where the biomass is 

gasified before feding the combustion chamber with it. 

 

Figure 1. Air-staging sample 

 

 

Figure 2. Indirect co-firing sample
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1.3 Aims 

The overall aim of this study is to decrease the CO emission of the stove to get values below 

1500ppm with content of 13% of O2 in the flue gases [2] in an affordable way, so that in can 

pass an assessment by a Notified Body, that is an entity accredited to asses if the stove meets 

the requirements, and continue in the market. To achieve this goal, some tests are going to 

be made to analyse how some different parameters, such as: nominal heat output, refuelling 

wood quantity and frequency, temperature and flue gases and air mixing affect to the CO 

emission. 

To determine the influence of each parameter the changes are going to be made one by one 

and as it is wanted the development to be as affordable as possible the changes are going to 

start for as simple as possible to more complicated and expensive ones. 

The simplest one would be the nominal heat output. A very important parameter because it 

is influenced by the refuelling frequency and the wood quantity that is used. Lower nominal 

heat output means lower temperature, which would derive in higher CO emission as the 

burning is not good but, but on the other hand if the nominal heat output is lower less wood 

is consumed, so the CO emission should be lower than when more wood is burning. 

The following simplest one would be temperature, which can be changed by isolating the 

combustion chamber. Higher temperature should lead to a lower emission of CO. 

And the most complicated one is the better mixing of the flue gases and the air. 

 
1.4 Approach 

This testing was done following the EN-13229 testing standard [14] where it is described the 

standardized procedure for assessing if the fireplace closed insets meet the requirements. Due 

to the limited available equipment it could not be done exactly in the same way, but it was 

done as closely as possible so that the obtained values were as reliable as they could be. 

The parameters to analyse were chosen so that good results for CO could be obtained without 

very expensive or drastic changes. As it is explained in the literature review, there are maybe 

more effective ways to get an environmentally friendly combustion so that the flue gases are 

as clean as possible such as air staging and co-combustion [4], but the available means was not 

possible to implement those changes. 
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2 Theory 

• Theoretical combustion of wood 

To understand the origin of the CO emission and the concept of excess air ratio it is important 

to know the following stoichiometric equation for the combustion of the wood if N, K CL… 

and other constituents of wood are neglected: 

 

CH1.4400.66 + λ1.03 (O2 + 3.72N2)   

CO2 + 0.72 H20 + (λ – 1) O2 + λ3.87N2 – 439Kj/kmol 

Where λ is the theoretical quantity of air needed for every kmol of fuel to react and where 

CO among other burnout gases are intermediate reaction products [4], what means that if 

the reaction was perfect there would not be CO emission. 

The excess air-ratio is the ratio between the available air and the stoichiometric amount of 

combustion air, usually is bigger than one, and if it is smaller it is impossible the fuel to react 

properly. 

 

• CO content 

Converting the CO mean value to the CO content the possible calculation errors caused by 

the mass fluctuation of the wood are decreased to a very small value. To convert the CO 

mean value to CO content the CO2 mean value or O2 value are necessary. The CO content 

is the significant value for knowing if the stove meets the limits or not. 

The following formulas are used for calculating the CO content [14]: 

𝐶𝑂𝐶𝑂𝑁𝑇𝐸𝑁𝑇 = 𝐶𝑂𝑎𝑣𝑔𝑥
21−𝑂2 𝑆𝑇𝐴𝑁𝐷𝐴𝑅𝐼𝑍𝐸𝐷

21−𝑂2 𝐴𝑉𝐺
     (1) 

 

𝐶𝑂𝐶𝑂𝑁𝑇𝐸𝑁𝑇 = 𝐶𝑂𝑎𝑣𝑔𝑥
𝐶𝑂2 𝑀𝐴𝑋

𝐶𝑂2 𝐴𝑉𝐺
𝑥

21−𝑂2 𝑆𝑇𝐴𝑁𝐷𝐴𝑅𝐼𝑍𝐸𝐷

21
    (2) 

 

Taking the value of O2 standardized as 13 %. 

- Where the CO mean value and content can be in parts per million or vol % 

- The CO2 values can be in parts per million or vol % 

- The O2 is in vol %. 

In the first formula, if the oxygen mean value is slower than 13%, the  CO content will be 

smaller than the CO mean value, as is there is less oxygen the CO  emission should be higher, 

so using this formula those differences and fluctuances caused by other parameters are  

nullify. 
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• Refuelling  

In the standard the following formula is recommended for specifying the refuelling wood 

quantity based on the desired nominal heat output, the efficiency of the stove, the calorific 

power of the fuel used and the refuelling frequency. 

MREFUEL = 360 000 x NHO x tREFUEL / (HFUEL x η)                           (3) 

- Where the efficiency is the efficient energy use, so the maximum heat is created using 

the less wood and creating the less waste as possible. The efficiency is determined 

because of the design of the stove, the quality of the combustion and the fuel used and is 

measured in percentage. 

- The nominal heat output is the total heat output achieved from the stove. It is measured 

in kW.  

- The refuelling wood quantity if the mass of wood that is added in the stove every time 

the refuelling is made. Is measured in kg. 

- The refuelling frequency is the times the refuelling is made per unit of time. 

- And the calorific power of the fuel is the heating power it has that fuel. The heat that is 

achieved from its combustion. It is measured in kJ/kg 

 In this case of study sometimes refuelling frequency and quantity are set and the NHO is 

calculated using this formula. 
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3 Method 

 
3.1 Study subject 

In this case the study subject is a simple stove with a primary and a secondary air inlet. The 

primary air inlet is adjustable and it is 120mm long and 20mm wide. It is under the front 

door and its jet goes directly to the fuel bed. The secondary air inlet consists in two holes at 

380mm height in the side of the stove that does not have a door, so the jet hits the flue gases 

when they go up from the fire. The holes are covered with a welded plate on the outside so 

that the air has to go through it and heats up with the warm of the stove before entering the 

combustion chamber. 

Besides that, there is an option to open and close a direct conduct to the chimney. If it is open 

the flue gases go directly through it and if not, it goes through some longer conducts that 

make the residence time longer so that the emissions are not that high.  

The stove is made of Corten-A steel and does not have insulation. In the inside there are 

some grates to put the wood, so the oxygen can get to all the sides of the wood and the 

combustion is better. There also are some trays under the grate to keep the ash there and 

make it easier to clean the stove. The following one is a picture of the developed stove and 

the used installation. 

 

 

Figure 3. Installation of the developed stove         Figure 4. Sizes of the developed stove 

 
There are also some recommended values for the following parameters. Some of them are 
going to be changed to make the stove more efficient and reduce its emission levels, but until 
the change is made, these are going to be the supposed values. 
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Table 1. Characteristics of the used stove 
 

Nominal 

heat 

output 

[kW] 

 
Efficiency 

[%] 

Flue gas 

temperature 

[ºC] 

Draught 

pressure 

[Pa] 

CO emission 

with a O2 

content of %13 

[%] 

Refuelling 

frequency 

[min] 

Refuelling 

quantity 

[kg] 

10 60 400 12 0.25 60-90 3-4 

 
 

3.2 Materials 

As explained before in the approach chapter, this testing was done following the EN-13229 

standard [14]. This means that the material used tried to accomplish the requirements 

specified in it. 

- Connection appliances to the measurement section 

As it is going to be explained in the Installation chapter, the spigot of the stove and the 
measurement section, where the gas sampling and the pressure measuring are done, are 
connected by a connector and an adaptor. The following ones are the characteristics of theses 
connection appliances and the measurements section itself. 

Table 2. Description of the connection appliances and the measurement point itself 
 

 
Described component 

Height 

[mm] 

Inside 

diameter 

[mm] 

Thickness 

[mm] 

 
Material 

Insulation 

thickness 

[mm] 

Conductivity 

at 20ºC 

Connector 400 120 0.24 
Stainless 

steel 
- - 

Adaptor 420 125 
0.5 

±10% 

Stainless 

steel 
30 ? 

 
Measurement 

section 

Pressure 1020*   
0.5 

 
Stainless 

  

Gas 

sampling 
680* 

125 
±10% steel 

30 ? 

 
*This distance specifies the height the pressure and the gas sampling points should be from 

the point where the adaptor and the pipe are connected. 

 

The standard describes these items mentioned before with the following characteristics: 
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Table 3. Characteristics specified by the standard for an appliance with a flue gas exit of 

150mm diameter 
 

 
Item 

Height 

[mm] 

Inside 

diameter 

[mm] 

Thickness 

[mm] 

 
Material 

Insulation 

thickness 

[mm] 

Conductivity 

at 20ºC 

[w/m·K 

Connector 330±10 150 1.5±0.5 
Mild 

steel 
- - 

 
Adaptor 

 
350±10 

 
150 

 
- 

Thick 

mineral 

fiber or 

similar 

 
40 

 
0.04 

 
Measurement 

section 

Pressure 850*   Thick 
mineral 

  

Gas 

sampling 
750* 

150 - 
fiber or 

similar 

40 0.04 

 
 

*This distance specifies the height the pressure and the gas sampling points should be from the point 
where the adaptor and the pipe are connected. The tube where the measurement point is should be 
at least this height 

- Tester. 

The testers used for measuring the emissions and other parameters are the following ones. 
The ‘Testo 325M/XL’ was only used the first 9 test, as later the ‘Testo 330-2 LL’ was 
available and temperature and oxygen content could be measured. 

Table 4. Comparison of the accuracy of the tester used and the one required in the standard 

[15], [16] 
 

 
Tester 

Accuracy for 

CO emission 

<400ppm 

Accuracy for 

CO emission 

400-1000ppm 

Accuracy for 

CO emission 

1001- 

2000ppm 

Accuracy for 

CO emission 

2001- 

4000ppm 

Testo 325M/XL ±20ppm ±5% ±10% ±10% 

Testo 330-2 LL ±20ppm ±5% ±5% ±10% 

Tester requirements 

according to the 

standard 

 
≤6% 

 
≤6% 

 
≤6% 

 
≤6% 

 
- Insulation plates: 

For analysing the effect of the temperature the following insulation plates were used. The 
size of the plates was not higher so that they fit through the door. 
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Table 5. Characteristic of the used insulation 
 

Material Thickness [mm] 
Size of the back 

one [mm2] 

Size of the lateral 

one [mm2] 

Vermiculite 25 220x420 220x380 

- Wood 

The wood used for the testing had the following characteristics. It is important to know the 
size of the logs as the emission is affected by it. 

 

Table 6. Characteristic of the used wood 
 

Type Humidity [%] 
Approximated length 

[mm] 

Calorific value 

[kJ/kg] 

Birch 15-20 300 20 000 
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Installation: 

The appliance was installed in an arrangement simulating the construction specified by the 

appliance manufacturer and with the sides facing the walls at the manufacturer's minimum 

declared distance from combustible material, as the standard specifies. It was installed in a 

corner with one wall 10cm far from the side and the other 25cm far from the back. 

According to the standard, there should be a measurement point where a flue gas sample is 

taken and the pressure and the temperature are measured. In this case, in the measurement 

point the gas sample was taken in the same way, but there was no way for measuring the 

pressure and the temperature. Nevertheless, there was a point where the pressure was 

adjusted so that it did not exceed the set pressure. 

The appliance flue spigot was connected to the measurement section by a flue gas connector 

and a flue gas adaptor. The connector should be an adaptor in case there is a diameter change 

from the spigot to the measurement section. The ones in the Figure 5 are the lengths specified 

by the standard. 
 

Figure 5. Connection from the spigot to the measurement section 

 
In this study the characteristics of these three items were not the ones specified in the 

standard, so it was taken into account that in the assessment by a Notified Body the values 

could be higher and it was tried to get more conservative values. 

The pressure adjuster was set at 12 Pa, as the standard and the manufacturer specified for 

this kind of stoves. 

 
3.3 Procedure 

According to the standard, there are two parts in the testing procedure: 

-Ignition and pre-testing, this need to be long enough for ensuring normal working condition 
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of the appliance. 

-Testing. 

First, the ignition was made, that is the period when the fuel is alighted. For that, the 

manufacturer´s specified wood quantity was used, 3.75 kg. The wood should be dry and in 

the same temperature as the room, so it is better to bring it inside at least a day before using 

it [7]. The way of placing it is also important because the wood needs to get oxygen so that 

the combustion is good, so some fireplace manufacturers say the best way to place it is with 

some space between the logs. It is also important they do not fall from the grate, as if they 

fall there is not air in the point they are touching the bed, so the lowest layer of wood should 

be orthogonal to the grate´s bars and the following layers orthogonal to the previous one as 

in figure 5, but with not that much wood, so the logs are not just laying ones above the others. 

It is also better making the layer taking into account the logs size [17]. That is how the logs 

were placed for starting the fire. 
 

Figure 6. Proper way of placing the wood in the stove 

 
While the fire was being set, the chimney direct conduct was open, and the same should be 

done every time the appliance´s door was opened, so that the flue gasses do not enter in the 

room. The primary air is totally opened too, to make sure there is oxygen enough for the 

ignition. When the fire was set, the appliance´s door was kept open approximately 1 cm for 

a while until the flames were strong enough and there is a draught in the chimney [7]. In this 

case it also was used an extractor to help making the draught so that the smoke did not go into 

the room, but it is not necessary if the ignition process is followed properly. Then, once the 

door was closed, the chimney direct conduct was also closed. 
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During the ignition, the primary air should be totally open so the combustion is better. Once 

the fire is ready, the first refuelling is made, take into account the door should be opened 

first a little bit so the air goes into the chamber first and when the pressure of the chamber is 

the same as in the room it is possible to open it totally. The primary air inlet should be closed 

enough so that the burning-rate is not too high and the chamber is not cool [13], but, at the 

same time, there is oxygen enough for a good combustion [4]. According to the standard, 

the quantity of wood for the refuelling is calculated with the following formula, so that is 

what was used in this study: 

MREFUEL = 360 000 x NHO x tREFUEL / (HFUEL x η) (3) 

There is the need of specifying the nominal heat output and the refuelling frequency before 

the start of the test. 

In the standard a scale is used for measuring the ash´s and fuel bed´s weight and they use it 
for setting the ending of the pre-test. In this case, as there is no scale for measuring the 
weight, the pre-test is over when it is time for a third refuelling, to ensure that normal 
working conditions and a basic firebed are established. 
Once the pre-test is over, another refuelling is made and the testing period starts. According 
to the standard the duration of the testing period is also defined with the weight, in this case 
is going to be over when it is time for refuelling again. 
The values are recorded every minute and then from that values a mean value is calculated. 

The first 9 test were made with the tester ‘Testo 325M/XL’, from then on ‘Testo 330-2LL’ 
was used. 

As explained before, in this case, the testing method consisted in analysing the effect of the 

parameter one by one, so first the effect of the quantity and frequency of refuelling was 

analysed and then when a good value was got another parameter was analysed. 

-First test: 

The first parameter to be analysed was the refuelling quantity and frequency (together they 

set the nominal heat output). This test was made with the manufacturer´s specified values, 3 

kg every hour, and then some other tests were made with different heat output to see the 

effect they have in the CO emission. 

-Second test:  

In the second test, lower heat output was wanted, so the refuelling was done for NHO = 

7kW, refuelling every 40 mins. The results were very good, but 20 mins after the beginning 

the fire was almost totally consumed, so the testing was stopped  

-Third test: 

The fire was refuelled, this time for NHO = 7kW and refuelling every 20 mins, as the test 

before had good result with that heat output. This 3rd measurement did not work as it was 

expected. 

-Fourth test: 
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As the 2nd test had good results, the 4th test was done for the same quantity of wood as in the 

2nd but with refuelling frequency every 20 mins. 

-Fifth, sixth and seventh tests: 

In these test the same parameters as before were kept. But there were two times, the 5th and 

the 7th tests, were the CO emission increased a lot suddenly even if the heat output and the 

refuelling frequency were the same as in other tests. Reading stoves manufacturer´s 

instruction it was read that the recommended diameter for the logs is 5- 8cm and the length 

25-40cm [7]. As the logs used in this study are not circular but their length is always more or 

less the same, knowing the density of the not decayed dry birch is 475kg/m3 [18], after the 

7th test, the size of the logs was set to be smaller than 716g. It was not set a minimum size, 

because when the previous tests’ results were checked, it was decided that there was no 

reason to think that using small log leads to a higher CO emission. 

-Eighth and ninth test: 

After these test, with those parameters, it was decided to decrease the refuelling wood 

quantity but maintain the refuelling frequency trying to get more balanced values. 

In these test the results were good, but even if the same parameters and similar size of logs 

were used, the results of the test were very unpredictable. Having just those parameters into 

account was not enough for ensuring low CO emissions. 

-Tenth test: 

Some heat insulation plates were put in the two walls of the stove that did not have a door. 

The characteristic of the plates are in the Material chapter. 

From this test on the tester ‘Testo 330-2 LL’ was obtained, with this tester there was the 

possibility of testing the flue gas temperature, the oxygen percentage and the efficiency, 

besides the CO emission. During this test CO emission was very high even if they should be 

lower as the insulation made the temperature increase.  

Other values were checked to discover the reason why the values were so high, and the 

conclusion was there was a lack of oxygen, that was why the combustion was not very good. 

In a trial done after the 10th test, it was tried to change the primary air inlet while measuring. 

When it was opened, the level of oxygen increased, but it was not enough, so it was decided 

to make more holes for the secondary air inlet and open the primary air inlet to 55mm. 

Four holes were made on the back wall in a height of 350mm. Two of them were made in 

the right part and the other two in the left. The first hole of each side was 65mm from the 

corner and the next one was 50mm from it. These positions were thought so that the 

insulation does not cover the hole. 

After the change, a trial was made before starting the testing and as the holes improved the 

efficiency of the stove and the quantity of oxygen was also higher, the quantity of refuelling 

wood used in the previous test was too high. It was decided to use less wood in every 

refuelling. It was also tried to make a wide fire instead of making it just in the centre of the 
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stove so that the air jet coming from the holes hit the flue gases coming from the fire and 

created turbulences for a better air mixing and lower CO emission [12]. 

-Eleventh test: 

The results got in the 11th test were quite good, but just after the refuelling part there still 

was lack of oxygen and the results were not good enough for ensuring them good results 

when a Notified Body test them. It was decided to make two more holes in the central part 

of the back wall, at the same height of the other ones. 

-Twelfth and thirteenth tests:   

As the previous test had already got good values, there were reasons to think this was going to be the 

last change. The O2 values were recorded so that the CO content could be calculated at least in the last 

tests. 

Of course, the two new holes increased the efficiency even more, so less refuelling wood 

quantity was needed. The refuelling wood quantity was decreased and the primary air inlet 

was closed a little bit because, as it is just in the high of the fuel bed, it made the wood burning 

velocity increase a lot and it was not wanted so fast wood consumption. 
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4 Results and analysis 

In this chapter the values achieved in the testing periods changing the different parameters 

are summarized and some brief conclusions based on them are made. 

Some tables with the values of the different parameters used in each test are going to be 

included to make it easier comparing them.  

In the 7th table the first 3 test are described, where it was decided the best NHO, refueling 

quantity and the frequency the refueling was going to made with. The other parameters are 

the same in the three test. In the 2nd test the NHO is decreased and the refueling frequency 

is decreased too, but it is not decreased enough as at the middle of the test the fire started to 

die, so the test was interrupted and it was decided to shorten the refuelling time. As the 

NHO was kept the same, the refuelling wood mass decreased and that made the emission 

increase. It is though that the temperatures reached where not enough for a good 

combustion, as there was less wood.  

Table 7. Parameters measured in every test and some meaningful values 
 

Parameters 1st Test 2nd Test 3rd Test 

Opening of the primary air 

inlet [mm] 25 25 25 

Refuelling wood mass [kg] 3 1.4 0.7 

Heat output [kW] 10 7 7 

Refuelling frequency [min] 60 40* 20 

Stove efficiency [%] 60 60 60 

Insulation No No No 

1st Improvement in secondary 

air inlet No No No 

2nd Improvement in 

secondary air inlet No No No 

Mean CO value 

[ppm]*** ** 1329.4 1942.25 

Maximum CO value [ppm] 12000** 2908 2899 

Minimum CO value [ppm] ** 527 1490 

 

 

*The wood was for 40 mins but as it was dying the refuelling was done 20 minutes after 
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**The measuring was stopped because after the refuelling the CO values were increasing too 

much for the tester, the maximum value recorded is the one in the table but there is no way 

to know if the emission continued increasing after the measurement stopped. 

*** It was not possible converting the CO mean value to the CO content value as at first 

there was not any values for CO2 neither O2, but these values are enough for analysing how 

the parameters are affecting the emission. 

The following graphic contains the recorded values of CO during the tests described in the 

table before. The 1st test is not shown because the recording was stopped due to the high 

values. As it is shown, the second test has higher maximum CO value at the beginning of the 

test as the chamber is cold yet, so the combustion is not so good and there is more wood to 

burn, but later the temperature increased the CO emission decreased. Taking that into 

account, it was decided the quantity of wood needed to be enough for a high temperature as 

in the second test, but the refuel was going to made every 20 minutes, so that the fire did 

not die. 

 

 

Graphic 1. CO emission levels during each test period  

In the test shown in the following table, the same values were used, the 4th and the 6th test 
have similar values, but in the 5th and the 7th the values increased suddenly. It is thought the 
reason could be the big size of the logs, as explained in the method, so a maximum mass for 
the wood was set. 
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Table 8. Parameters measured in every test and some meaningful values 
 

Parameters 4th Test 5th Test 6th Test 7th Test 

Opening of the primary air 

inlet [mm] 25 25 25 25 

Refuelling wood mass 

[kg] 1.4 1.4 1.4 1.4 

Heat output [kW] 14 14 14 14 

Refuelling frequency 

[min] 20 20 20 20 

Stove efficiency [%] 60 60 60 60 

Insulation No No No No 

1st Improvement in 

secondary air inlet No No No No 

2nd Improvement in 

secondary air inlet No No No No 

Mean CO value [ppm]*** 1379.25 ** 1334.7 ** 

Maximum CO value 

[ppm] 2925 8000** 2965 5600** 

Minimum CO value 

[ppm] 529 ** 433 ** 

 

*The wood was for 40 mins but as it was dying the refuelling was done 20 minutes after. 

**The measuring was stopped because after the refuelling the CO values were increasing too 

much for the tester, the maximum value recorded is the one in the table but there is no way 

to know if the emission continued increasing after the measurement stopped. 

*** It was not possible converting the CO mean value to the CO content value as at first 

there was not any values for CO2 neither O2, but these values are enough for analysing how 

the parameters are affecting the emission. 

 

As it is shown in the following graphic, both of the test have good mean values, but the 
maximum ones are gotten at the beginning of the test and are too high, so sometimes is 
difficult to have good mean values even if the results are very low during the rest of the test. 
So it was decided to reduce the refuelling wood mass to achieve less high values after the 
refuelling. 
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Graphic 2. CO emission levels during each test period 
 

In the following table, it is shown that the only thing that is changed from the previous tests 

ant the 8th and 9th tests are the refuelling mass and as a consequence the NHO.  

In the 10th test instead, insulationg was used and very high values were measured. Trying to 

discover the reason for that high values flue gas temperature and percent of oxygen were 

checked, but as these values were not recorded it is impossible to shown them in a chart. 

During the test it was probed that after refuelling, while the temperature was increasing to 

really high temperatures, the oxygen percentage decreased to 8.5% (according to the 

standard it should be 13%) and the CO emission increased to very high levels. As the 

temperature was 466 ºC, that is high enough for a good combustion, it was found that the 

lack of oxygen could be the problem, as if there is not oxygen enough, the combustion was 

not good. 
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Table 9. Parameters measured in every test and some meaningful values 
 

 

Parameters 8th Test 9th Test 10th Test 

Opening of the primary air 

inlet [mm] 25 25 25 

Refuelling wood mass [kg] 1.3 1.3 1.3 

Heat output [kW] 13 13 14.58 

Refuelling frequency 

[min] 20 20 20 

Stove efficiency [%] 60 60 67.3 

Insulation No No Yes 

1st Improvement in 

secondary air inlet No No No 

2nd Improvement in 

secondary air inlet No No No 

Mean CO value 

[ppm]*** 1266.3 1466.6 ** 

Maximum CO value [ppm] 2649 2756 4800** 

Minimum CO value [ppm] 652 798 ** 

 

*The wood was for 40 mins but as it was dying the refuelling was done 20 minutes after 

**The measuring was stopped because after the refuelling the CO values were increasing too 

much for the tester, the maximum value recorded is the one in the table but there is no way 

to know if the emission continued increasing after the measurement stopped. 

*** It was not possible converting the CO mean value to the CO content value as at first 

there was not any values for CO2 neither O2, but these values are enough for analyzing how 

the parameters are affecting the emission. 

I in the following graphic, in the 8th and 9th tests are shown. After changing refuelling wood 

quantity to a lower quantity, the values achieved in the middle of the testing are no so low as 

the temperature is not that high, but the highest are not so high neither, so even if the mean 

value is similar, the values are more balanced.  
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Graphic 3. CO emission levels during each test period 
 

In the following table the last changes are described. After the holes were made and the 

primary air inlet was opened to 55mm, the measurements were much better and the oxygen 

percentage increased, but still were needed more holes for ensuring good results in the 

assessment done by a Notified Body. 

When the last two holes were done, the 12th test was done and as the results were very good 

the 13th test was done to make these results more reliable, even the efficiency and the new 

heat output were measured again. In these to last test the mean values were even lower than 

in the 11th even if there was not a big difference between maximum values. 

After the last test some other trial were made to make sure the first values did not increase 
too much, in any of them the maximum values were not higher than 2000ppm. 
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Table 10. Parameters measured in every test and some meaningful values 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters 11th Test 12th Test 13th Test 

Opening of the primary air inlet 

[mm] 55 40 40 

Refuelling wood mass [kg] 1.1 1 1 

Heat output [ kW ] 12.9 12.06 11.99 

Refuelling frequency [min] 20 20 20 

Stove efficiency [%] 70.3 72.35 71.95 

Insulation Yes Yes Yes 

1st Improvement secondary in air 

inlet Yes Yes Yes 

2nd Improvement secondary in air 

inlet No Yes Yes 

Mean CO value [ppm]*** 1042.35 824.75 847.45 

Maximum CO value [ppm] 1880 1602 2150 

Minimum CO value [ppm] 630 350 358 
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*The wood was for 40 mins but as it was dying the refuelling was done 20 minutes after 

**The measuring was stopped because after the refuelling the CO values were increasing too 

much for the tester, the maximum value recorded is the one in the table but there is no way 

to know if the emission continued increasing after the measurement stopped. 

*** It was not possible converting the CO mean value to the CO content value as at first 

there was not any values for CO2 neither O2, but these values are enough for analysing how 

the parameters are affecting the emission. 

In the graphic the values recorded of the last test are shown. Even if the values are still high 
at the beginning of the testing the mean values achieved are really good. 

 

 
Graphic 4. CO emission levels during each test period 

 

As these were the last ones in this study, it was decided to get the content of CO besides the 

CO mean value, so the CO2 or O2 mean values were necessary, in this case O2 values were 

taken. The graphic below shows the values recorded. This graphic of the oxygen is added so 

that the change on the oxygen content and the CO emission can be compared. 
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Graphic 5. Oxygen level in the two last tests [%] 
 
In the following the mean values of CO and O2 and the CO content achieved are shown. The 
CO content was calculated as explained in the Theory. 

Table 8. O2 values gotten in the 12th and 13th measurements 
 

Oxygen results 12th test 13th test 

Mean value [ppm] 11.575 12.66 

Maximum value 
[ppm] 

14.7 16.
7 

Minimum value 
[ppm] 

9 10.
5 

CO mean value [ppm] 824.75 847.45 

CO content [ppm] 700.05 812.9 

 
Both of the final results are much lower than the new law requires, that is 1500ppm. 
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5 Discussion 

In the Introduction a hypothesis is made about the effect of the nominal heat output. It was 

thought that lower nominal heat output could mean lower CO emission, because less wood 

is consumed so there should be less emissions. Unlikely, the results achieved point that the 

emission is higher with a lower nominal heat output. This is probably for the same reason 

explained in the Introduction, lower nominal heat output means lower temperature, so the 

burning is not good and even if less wood is been used the emission is higher. Higher load 

also means higher efficiency, so the emissions are lower [6]. 

That also could explain why even when the heat nominal output is higher when refuelling at 

first CO is higher. When refuelling the burning is not so good, because some heat is lost when 

the door is opened for refuelling and the new wood is not burning well yet, moreover there 

is a lot of wood in the stove so the emission is higher. But then, the new wood is set on fire 

and the temperature increases again so the burning is better and the CO emission decrease 

again. 

Furthermore, there are two tests, the 5th ant the 7th that have especially high CO emission at 

the begging of the test, the values are so high that the test was stopped. It was thought that 

the reason for high emissions could be the big size of the logs used. Big logs make the emission 

increase that much because they hinder the air circulation between the wood and the 

combustion is not as good as it should [9]. 

The reason for high emission in the 10th test is probably due to the higher temperatures 

caused by the insulation. Due to the high temperature the burning-rate is higher [19], so more 

oxygen is needed for a good combustion. This could be contradictory with the literature 

found, were it says higher burning-rate leads to a lower emission of CO [20]. On the other 

hand, in the next tests it is proven that the only problem was the lack of oxygen and when 

the quantity of available oxygen is the proper one the CO emission really decrease when the 

temperature and consequently, the burning rate, are high. 

After the holes were made, the oxygen levels were checked with the tester and it was higher 

than before. The last two holes did not make a big difference in terms of available oxygen 

amount, that is why the last two tests and the 11th test have similar CO maximum values at 

the beginning of the testing, the moment when higher amount of oxygen is needed. The 

probable main different the two last holes made was in mixing terms, as them being in the 

middle of the chamber helps for a better flue gas and air mixing [12] and that helps reducing 

the CO emission. 

After the 12th test was finished a 13th was done to make sure the results were reliable and after 

that some tries were done measuring the CO levels after refuelling to make sure they did not 

reach very high values. 



26 
 

This approach was not the one that was going to be done at first. Taking into account the 

available material, the chosen way was the easiest way to analyse all the parameters and 

develop the stove properly to get the desired results making profitable changes. 

Of course, having to adapt to the available material make the testing more difficult, because 

at first with the tester used there was no way to measure all the parameters that would have 

been really helpful to make good conclusions. There was no way to know the oxygen 

emission and the temperature of the flue gas. The pressure was neither measured, as it has to 

be measured in a different height, but there is a pressure adjuster so that it does  not increase 

more than 12 Pa as it could be dangerous. 

Taking all these results and discussion into account, all the expectations made in the Aims 

chapter were fulfilled in greater or lesser extent. Some of the parameters, such as the oxygen 

amount and the nominal heat output had higher influence than expected, but the effects 

obtained is in accordance with the hypothesis made in the Aims chapter. 

The results obtained are as conservative as possible as it is known that these are not the only 

parameters affecting the CO emission in a wood stove. It is possible having different results in 

future tests even if the values of the parameters analysed in this study are exactly the same. 

Moreover, the installation used for this study is not the same as specified by the standard. 

Even thought, this study is very useful for getting to know how each parameter affects to the 

emission, because even if the results achieved in each test are not the same, the positive or 

negative effect they have in the emission is clear. 

As it is mentioned in the literature review, the air inlet should not be very big as this leads to 

a cool combustion chamber. The ones used in this study increased the efficiency and the 

combustion as they mixed the air and provided oxygen necessary for a completed reaction. 

On the other hand, which is the critical point where the quantity of air inlet decreases the 

efficiency instead of increase it? 

Not much information about the proper size of the wood logs was found either, is it better 

using less bigger logs or smaller ones? Is it better mixing them? Some big ones and some small 

logs? 

In this study a concrete method for refuelling and placing the wood has been followed besides 

having made some changes in the stove. Which ones are the effects of the improvement made 

in the stove if the user does not follow the described refuelling and placing methods? Is it 

more important educating the users so that they know how to get an efficient environmental 

friendly fire? or having good, improved stoves? 

These questions could be interesting for investigating in future research. 
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6 Conclusions 

 
6.1 Study Results 

Biomass burning contributes significantly to the global energy supply nowadays. There is 

therefore need to improve the combustion in terms of emissions. In this case study the aim 

was reducing the CO emission. The following ones are the conclusion made after analyzing 

the results. 

1. Lower CO emission is obtained when the nominal heat output is higher, 

probably due to a higher temperature and efficiency in the combustion. 

2. Insulation makes increase temperature in the chamber increase but that also 

requires more oxygen for a complete combustion and better burnout. 

3. Improvements in secondary air inlets make combustion better as the needed 

oxygen is provided and improves the air mixing between the flue gases and air, 

leading to lower CO emission. 

These results can be applicable to every biomass burning devices: boilers, cooking devices… 

They can be fuelled by any solid biomass solid fuel such as: pellets, logs or city waste. As 

mentioned before, if the fuel is not the same type the results in emission are totally different 

[8], so the parameters may not have the same effect in devices fuelled by other kind of fuel. 

The followed method was as close as possible to the testing standard recommended for this 

kind of appliance [14], but as it was not exactly the same, the results achieved probably are 

not as reliable. If the standard was followed exactly the same the results achieved would 

probably be different. There also was no way for measuring some parameters such as the 

temperature and the pressure that would be helpful for making better conclusions. Especially 

with the tester used at the beginning of the study. 

 

6.2 Outlook 

In this project there are a lot of improvement to do yet, for example reducing other pollutant 

emissions such as NOx and particles. 

For the NOx emission air-staging or co-combustion could be implemented. Air-staging is a 

method used especially for NOx emission reduction [21], but as explained in the Literature 

Review chapter, in this method secondary air is used for a better mixing of the flue gases and 

air, so both NOx and CO low emission can be achieved. Using co-combustion the efficiency 

is improved, so the emission are lower and the NOx is reduced. The problem with this kind 

of improvement is that it is complicated to implement, as a lot of research need to be done 

for calculating the proper residence time for the flue gases and the division of the combustion 

chamber in two and also it is expensive to make so many changes [11]. 
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The method used, as mentioned before, was suitable for the research, but of course the 

possibility of measuring more parameters such as the pressure, the temperature, the 

efficiency and other emissions since the beginning of the study would have been useful and 

probably the conclusions made would have been more accurate.  

Having more stoves to make holes in different positions and analyse the different efficiency 

they have in providing oxygen to the chamber and checking which are the best positions for 

a better air-mixing would also have been interesting. 

It would be interesting educating the users for making efficient environmental friendly fires 

(knowing how to emplace the wood, how frequently refuel, how much wood use each 

time…) and making a study to know how likely it is the users to follow the recommendations 

made. If the results of the study are not good enough it could also be helpful looking for 

simple and easy methods to reduce emissions that the users will follow. 

 

6.3 Perspectives 

In this study for having good CO results it is very important following well the wood 

emplacing and refuelling methods. So even if the stove was changed if the user has not the 

proper information and does not know how to make a proper fire for lower emission, the 

results will not be the same as in the study. Similar results to those of the study are only going 

to be achieved if the NHO is the one used in the study. If more or less heat is needed, the 

emissions will be different, so it is also important not to use the fire if it is not necessary as 

the fire will be in slumber most of the time and the emissions will be high [6]. 

Of course, getting these results also has some contraindications. As mentioned in the 

background, it is very difficult having high demands for NOx emission and also high demand 

for other gasses emissions [3], as one of them is a consequence of a complete combustion and 

the other one from an incomplete combustion [4]. That means, that in this study, at the same 

time the CO emission was decreasing the NOx emission was increasing. Nox also have some 

dangerous health effects. In 2010 in Sweden the NO2 exposure may cause 1168 

hospitalizations due to respiratory problems, 80% of these effects occur at very low 

concentration levels [22]. 

Furthermore, for getting good result higher nominal heat output and load are required, 

which means more foul should be used, which in this case means more trees need to be cut. 

Moreover, sometimes such high nominal heat output are not required as the weather is not 

that cold, which will lead the user to have lower load and longer slumber periods as the 

desired temperature in the room is easily achieved, which means the fire is not going to be 

efficient and the burnout emissions will increase [6]. 
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