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Abstract 
 
Classical constructions of boilers for burning straw briquettes had encountered problems particularly 
due to the ash melting in the furnace.   
The boiler being developed is a flame tube construction (the temperature at the end of the furnace 
reaches  6500C to 8500C). 
With respect to the technology, the boiler construction is more complicated especially for rolling part of 
the casing and of the tube. Another difficulty is introduced by some difficulties to reach the welding 
cordons.  
The burning is realized on a mechanical grate having water cooled fixed steps and controlled by a fuel 
pushing device. Above the boiler casing a convective heat exchanger is placed, with vertical fume 
tubes, in order to allow the ash exhaust during operation by mean of a mechanical system 
 

1. INTRODUCTION 
 
The cereal straw represents an important potential for rural energy 

development. The harvested quantity for a hectare is between 2300 – 3000 kg. About 
one half is usually used as food for animals, while the rest can be burned in stoves or 
furnaces. 

The straw has a significant low heat value (LHW = 14000 – 15000 kJ/kg), 
similar to that of the wood, a low moisture (Wi

t = 11 – 14,5%) and a higher ash weight 
than that of the wood (Ai = 4,5 – 6,5%). An essential characteristic of this ash is 
represented by its relatively high content in phosphor and potassium, that 
recommend it as an ideal and cheap land fertilizer. 

The main barrier that has restrained the expansion of the energetic use of the 
straw is the ash hardness and adherence at the end of the furnace, that can clog the 
exhaust system, the air intake and eventually the heat exchange. This deficiency 
imposes a frequent and difficult cleaning activity of the combustion chamber. 

Generally, two combustion systems have been developed: 
- Bale straw combustion; 
- Briquette or chipped briquette combustion. 
While the bale combustion is a discontinuous technology, with problems in 

feeding the furnace, in load control and maybe requiring heat storage, burning the 
briquettes allows a full automatic operation, with fewer concerns for the owner. The 
straw briquetting is made only by pressing, without any binder. 

 
2. INNOVATIVE ASPECTS OF THE BRIQUETTE COMBUSTION 
 
Recently, the Center of Thermal Researches of the University POLITEHNICA 

of Bucharest with the firm RECICLE WASTES CONSTRUCT S.R.L. from Husi (a 
region from north-west of Romania with good cereal crops) have developed together 
a new development stage of the hot water boiler burning straw briquettes, responding 
to all requirements related to endurance or automation. The boiler is 150 kW rated. 



In order to diminish the effects of the ash hardness, a new combustion 
technology that keeps the temperature at the end of the furnace bellow the critical 
value of 8500C has been developed. For safety reason, the exit temperature is about 
6500C, keeping the ash in solid dust shape and preventing the slag initiation. Thus, 
the ash is easily exhausted with a helical system. 

The boiler endurance has also increased due to a new mechanical ash 
cleaning system of the convective heat exchanger during operation. 

In figure 1 is presented a general view of the boiler with the convective heat 
exchanger installed above the cylindrical casing.  

 

      
    

Figure 1. General view of the boiler                       Figure 2 Section of the boiler 
 

In order to achieve the desired flue-gases low temperature, the furnace was 
designed as a smoke tube immersed in the water contained in the cylindrical casing. 
In this manner, the flame is efficiently cooled. 

During the spring of 2013, the prototype boiler of 150 kW began operation in 
Husi, for heating purposes of up to 3000 m3 residential and industrial dwellings.  

The boiler is fully automated both on fuel supplying, ash removing and thermal 
loading. Thus, the control system correlates permanently the thermal load and the 
water temperature with the flue gasses temperature and the air excess.  

In figure 2 is shown a section of the boiler. The flame tube has a diameter of 
650 mm, and the cylinder casing has an internal diameter of 880 mm. The operating 
pressure is 2 bar and the safety pressure is of 6 bar. 

 



     
 

Figure 3 Fuel supply system               Figure 4 Helical system construction 
 

At the furnace end is located the screw device for ash removing, that 
transports the ash in a tank near the boiler. 

Fuel supply is made from a bunker with a volume allowing a daily refilling. In 
figure 3 is presented the fuel supply system and the two helical devices, each of 
them provided with electrical motor and speed reducer 

Figure 4 shows the constructive feature of the straw screw supply. It is 
manufactured from square section steel profile (30x30 mm) and has an external 
diameter of 192 mm. 

The combustion is controlled trough a fuel pusher with separate actuation with 
a rate that is related to the boiler load. 

The grate is composed of three bars: two fixed and water cooled and one 
mobile, manufactured from temperature resistant cast iron, in order to maintain the 
temperature at the end of the furnace below 650 °C and to release the ash in powder 
condition. The mobile grate is actuated by a rack system, as well as the pusher, 
whose speed is correlated to the combustion velocity, in order to achieve a total 
burning at the end of the furnace. 

In figure 5 is presented the shape of the flame on the bed combustion on the 
grate at the end of the furnace, where is installed an observation door. 

The convective heat exchanger is built from three vertical smoke paths 
provided with a spiral system with two functions: first of all, increases the heat 
transfer coefficient by a higher turbulence; secondly, the spiral cleans the adherent 
ash from the tube internal wall by axial or rotating movement.    

 



        
 

Figure 5 The combustion shape on the grate   Figure 6 The design of the ash cleaner 
 

In figure 6 is presented the design of the ash cleaner. 
The casing is insulated with 100 mm depth of mineral wool, excepting the 

caps that are protected with a very resisting silicate. 
 

 
3. OPERATIONAL DATA 
 
The design boiler efficiency is 91 %, with an air excess coefficient of 1,6 and 

an exhaust temperature of flue-gases of 1250C. 
The rated fuel consumption is equal to 33 kg/h of straw briquettes with LHW of 

17000 kJ/kg. Recent test have indicated the possibility to increase the efficiency to a 
historical value of 94%, for some operational regimes. 

Related to the boiler endurance, in four winter month of operation there was 
no need to remove the adherent ash from the furnace walls and no manual cleaning 
of the convective heat exchanger has been done. 
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4. CONCLUSIONS 

The design of the new boiler for straw briquettes imposes some characteristics 
of the building technology such as: dimensional accuracy, welding quality, respect of 
the ovality prescriptions, etc. 

The boiler is able to operate with a high thermal efficiency and pollutant 
emissions values below the regulating limits. 
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