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Abstract:Due to the necessity to reduce the temperature in the furnace below 8500C, in order 
to avoid calcium silicate formation, which could lead to adherent deposits in the furnace, it 
was considered wise to use the flame tube form for the furnace construction. It is also 
equipped with mobile grates which are cooled. 
 The flame tube is completely immersed in the water space of the boiler, so that a 6500C 
temperature for the flue gas was considered in the design. The briquettes are fed from the 
stocking bunker by means of a 2 helical worms system. The system is kept under strict control 
for the load regulating with the temperature.  
 The boiler has a convective heat exchanger above the cylindrical mantle. To the interior 
of the flame tubes spiral metallic elements are positioned with a flue gas swirling role in 
order to obtain an increase in the heat exchange and also for a better cleaning. 
 The boiler has a fully automated governing system. 
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1. GENERAL ASPECTS  
  The boiler is made for burning briquettes from straw in the N-E region of Romania, but 
due to its technical and operational characteristics it can be used in all of the agricultural 
regions of Europe. 
 The boiler has a thermal power of 150 kW. In the boiler a sustained cooling of the 
furnace volume makes possible to keep the ash evacuation temperature below 8500C, in order 
to avoid ash hardening (a phenomenon which inhibits the realizations of boilers for straw). 
 The elemental calculations analysis for briquettes shows: 
 

Ci = 42,6%, Hi = 6,7%, Ni = 0,6%, Oi = 33,14%, Wi
t = 11,97%, Ai = 4,99%. 
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 The lower heat value is:   Hi

i = 17450 kJ/kg. 
 
 The composition of the ash is: 
 
 SiO2 = 57,2%, Al2O3 = 4,9%, Fe2O3 = 1,1%, MgO = 2,9%, CaO = 3,9%. 
 
 The ash contains also phosphorus and potassium, so that it can be used as fertilizer. 
 
2.  INNOVATIVE ASPECTS IN THE BOILER CONSTRUCTION 
 The boiler was designed to operate with an air excess of 1.6 and a temperature of 1250C 
at the stack.  In that case the efficiency reaches the value  η = 91,6%.    
 By lowering the air excess, for the efficiency, values of up to 94% were obtained. 
 For the efficiency of η = 91.6% and the thermal power of 150 kW, the straw 
consumption is of 33.7 kg/h. 
 This constructive variant of the boiler is a consequence of the evolution of the forced 
cooling of the furnace volume achieved at the 100 kW boiler having water chambers in the 
furnace, previously presented, in the 2011 HEEP Conference.   
 The new boiler is made in the constructive variant having a flame tube and the vertical 
type convective heat exchanger placed above the furnace. In the Figure 1a section through the 
boiler is presented. 
 

 
 

     Fig. 1.  The 150 kW boiler assembly: 
1- the cylindrical casing;  2 – ash removal system;  3 – moving grates system; 
4 – secondary air pipe; 5 – briquettes feed system; 6 – the convective heat exchanger.   

 
 The boiler has fully automated governing, which comprises: constant load operation by 
adequate control for the fuel feeding, for the ash evacuation and for the burning efficiency by 
furnace temperature and air excess.  
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 The convective heat exchanger has a system of steel screws, mounted in every pipe, 
having the role to increase the heat exchange by swirling the flue gases and also to clean the 
pipe walls from ash deposits for the duration of the boiler operation. 
For that purpose a rod was welded to each of the steel screws, making thus possible an 
alternating translation movement or a rotation (corresponding to the desired constructive 
variant). 
 In the boiler operation, it was demonstrated that a cleaning taking up to 2 to 10 minutes, 
for every 24 hours period is needed.  
The area of the grate surface is 0.32 m2, while the gravimetric load of the grate is 105 kg/ 
(m2h). 
 In the Figure 2 a view of the boiler is presented, with the placement of the convective 
heat exchanger above the boiler body. Below the convective heat exchanger, a system of 
boxes is placed for the ash collecting after each cleaning.  Also in the Figure 2 one can 
notice the covers for the access to the ash collecting boxes. 
 
 

 
 

Fig.2. Boiler view from the briquettes feed system 
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Fig.3. The briquettes feed and moving grate systems electrical motors  
 
 In Figure 3 two systems are presented: fuel feed and the grate movement (by means of 
an electric motor-gear and rack system). The primary and secondary air ventilators 
positioning can also be noticed. 
 In order to decrease the temperature in the burning area the fixed part of the grate is 
water cooled. The mobile bars are made of gray cast iron and they have an alternating 
movement. 
 The slag evacuation is realized by means of two electrically actuated screw systems 
with sequential automated command.  The slag evacuation screw from the end of the flame 
tube is presented in Figure 4. 
 The evacuated slag is deposited into a box; the system of evacuation- deposit system is 
presented in Figure 5. 
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Fig.4. The helical ash removal system and the evacuation side cover 

 
 

 
Fig.5. The deposit box and the ash evacuation system 

 
 The convective heat exchanger flue gas pipes cleaning screws coupling system to the 
actuation bars is presented in Figure 6. 
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Fig.6. The driving mechanism for the cleaning system of the flue gas pipes on top of the 

convective heat exchanger 
 
3. OPERATING RESULTS AND CONCLUSIONS  
 - The boiler load was determined by measuring the water flow rate and the temperature 
difference in the water circuit.  The maximal efficiency was achieved at high loads, over 80%. 
The minimal acceptable load for the boiler was prescribed to be at least 40%; 
 - Straw humidity augmentation to 17% did not have sensible influences upon the 
installation efficiency; 
- Separated ventilators admission for primary and secondary air creates benefits in burning 
control; 
- The ash has a powdery appearance and it is totally friable. For a 6 months operation period, 
there was no situation of ash adherence to the furnace elements; 
- For an oxygen content in the flue gases of 11%, the pollutant emissions were: 
CO = 1300 - 2500 mg/m3

N 
NOx = 28 - 125 mg/m3

N 
powdery particles, under 30 mg/m3

N. 
The boiler endurance is characterized by: 
friable deposits in the furnace cleaning period: 7 to 10 days; 
the period for the mechanical cleaning of the convective system with the boiler stopped: 2 to 3 
months. 
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