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Abstract.  The boiler is destined to energetically valorise of cereals straw, with application in the food-
industry and is the result of joint research made by S.C. Enache-Morarit S.R.L and Politehnica University 
of Bucharest. The 150 kW boiler construction is a first in Romania. 
 The boiler has a flame tube constructive variant, in order to achieve an intense cooling of the 
furnace. This way the temperature at the end of the furnace is lowered below the softening temperature of 
the ash. 
 The convective heat exchanger, which is placed above the boiler, has a mechanical cleaning 
system component.  All the feeding and control operations are fully automated. 
 The boiler is used in a bread production facility and it has efficiency above 82%.  Nowadays 
work is under way to increase the thermal power, the first step being the construction of a 300 kW boiler. 
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1. National energy potential of cereals straw 
Although Romania’s cereals production reached 10.7 mil. Metric tons in 2010, and 13.4 mil. ton 

in 2011, there are sensible yearly fluctuations, mainly due to climatic  conditions, between 2 and 7 million 
metric tons per year (the quantity of reused straw - including agriculture – was deducted), the energy 
value being 736.58∙103 tep. 

The biomass repartition as an energy resource by development regions is: -the North-East region, 
14,63%; - the South-East region, 23,71%; - the South region, 19,38%; - the South-West region, 0,85%; -
the West region, 14,03%. 

For Romania, the Strategy for Valorizations of Renewable Energy Resources, approved by HG 
1535 – 2003, states that the biomass share in energy production should reach 6.87%. 

 
2. Energy characteristics of straw 

The research made in Romania showed that the most economical way to valorise the straw for 
energy production is briquetting, as the pellets making includes a very small dimension grinding, hard to 
achieve and  very expensive. Suspension burning, similarly to the pulverized burning of coal, also 
imposes a very fine milling. Chopping the straw for briquetting could be made either at harvesting time, 
or later on after the bailing of the straw, which is a simpler procedure.   

The typical elemental analysis of the straw from the northern Moldova region is characterized by 
the following values, with respect to the combustible mass: Cmc = 50 – 52%, Hmc = 0,4 – 0,6%, O, Omc = 
38,2 – 43,1%; anhydrous state ash, Aanh = 5%; total humidity 10 − 12%; lower heat value: 15000 – 17500 
KJ/kg. For the North – East region the corresponding values are: 
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 Ci = 41,4%, Hi = 6,3%, Ni = 0,61%, Oi = 34,1%, Wi
t = 11,5%, Ai = 6,09%. Lower heat value Qi

i = 16500 
KJ/kg. Ash composition: SiO2 = 55 60%, Al2O3 = 4 -5,5%, Fe2O3 = 0,9 – 1,3%, MgO = 2,6 – 3%, CaO = 
3,1 – 3,9%, Zn = 12 – 16 ppm , Pb = 9,1 – 10,2 ppm. 
 In figure 1, the briquetting station is presented, with its 5 lines arranged in a star, each of them 
making 60 kg briquettes per hour. Each line has a 3 kW electric motor and 5 kW electric resistors. 

The briquettes could be cylindrical or polygonal in shape, both having a centerline hole.   
 The density of the briquettes is 900 – 1000 kg/m3. The briquettes have an 80 – 110 mm diameter 
and an 80 – 160 mm length. 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The Straw Briquetting Station 
 

3. The  100 kW boiler 
 Following research developed jointly by SC E. Morărit and CCT – Politehnica University of 
Bucharest, a fully automated operation 100 kW boiler resulted. 
 Until now, the briquette feed was made by two types of installations: one pneumatic (the 
briquettes being chopped before admission into the boiler) and the other by directly pushing with a 
piston. Endurance studies demonstrated the superiority of the latter solution. 
 The boiler is equipped with a mobile grate, having direct pushing, the mobile bars alternating 
with the fixed ones.  
 To control the burning, the necessary air is divided in two flows, the primary air introduced 
beneath the grate bars and the secondary air admitted above the grate. Thus, the CO emission control 
and the furnace temperature are monitored, using a lambda probe to regulate the air excess. 
 In order to avoid the ash slagging at the end of the furnace and the difficulties in evacuating the 
ash (which is made using a helical screw, mounted transversally across the grate), a very powerful 
cooling of the furnace was imposed, by placing three water chambers, towards its end (the 
temperature at the end of the furnace was limited to 550 – 6000C). 
 The 100 kW boiler has a 2 year lifetime for industrial operation.  
 The performance measurements for this boiler indicated: 

- Thermal volume load of the furnace: 600 – 650 KW/m3;- gravimetric load of the grate: 0,01 – 
0,015 kg/ (m2s);- boiler efficiency: 76 -84,4%;- dust concentration at stack: 30 - 34 mg/m3. 

 
4. The 150 kW boiler 
 This boiler was manufactured with flame tube burning solution, so that the temperature does not 
exceed 5500C, at the end of the flame tube (the furnace), as shown in  Figure 2. 
The heating of water is made in the gap between the boiler shell plate and the furnace tube and also in 

the convective heat exchange package placed above the boiler – Figure 3.  
The boiler is fully automated beginning with the briquettes admission and finishing with the 

concordance between the thermal load, the air excess and the fuel feed. 
The ash evacuation is made using a helical screw, mounted transversally across the flame tube 

centerline, as in figure 4. By design, the ash removal system starts every 160 seconds, for 6 seconds. The 
boiler has 3 grate bars, one of which is mobile (the middle one). In order to move forward the bars, the 
boiler is inclined in the ash removal direction, which has a pushing motion exerted by the mobile bars 
system. 

 



 
 
 
 
 
 
 

 
 

Fig.2.The 150 kW boiler constructive schema  
 
 
 
 

 
 
 
 
 
 
 

 
Fig.3. Convective heat exchanger positioning  

 
 

 
 
 
 
 
 
 
 
 
 

 
Fig.4. Ash removal helical screw 

 
 
 
 
 
 
 
 
 
 

 
 

Fig.5. Flue tubes cleaning equipment 
 
For cleaning the flue tubes from the convective heat exchanger, a alternating movement, 

mechanically driven device is provided, as seen in  figure 5.  
For a 75% efficiency the calculated fuel consumption is 46 kg/h.  



 
  
 
 
 
 
 
 
 

 
 

Fig.6. Details from the automated briquettes feed system 
 

Burning is controlled by a pair of air ventilators (each having 100 W), in order to achieve the 
primary air circuit through the grate bars and the secondary air above the fuel bed.  

 
 
 
 
 
 
 
 
 

 
 

Fig.7. Aspect of briquettes burning in the flame tube  
 

5. Manufacturing possibilities for a 300 kW boiler  
This boiler can be developed starting from the 150 kW flame tube boiler.  Calculations showed 

that, using a 6 mm thick steel plate for the shell and for a 6 bar water pressure, the diameter of the shell 
can be safely increased to 1150 mm. Consequently, the flame tube diameter can be increased to 800 mm, 
and the number of grate bars to 4. 

This boiler is due to be designed in the next stage of development, its production being expected 
towards the end of 2013. 

 
6. Conclusions 

The paper pointed out the achievements in the energy valorisation domain for the cereals straw in 
the form of briquettes. The boilers presented here are fully automated and correspond to the nowadays 
need with respect to the reliability and efficiency. Pollutant emissions are within active regulations. 
Future problems to be solved are:  reducing the energy consumption in making the briquettes and 
increasing the thermal power of the boilers in order to step up to larger energy consumers.    
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