
1 

 

ACHIEVEMENTS AND PERSPECTIVES OF SOLID BIOMASS ENERGY VALORIZATION 

 
Mihaescu Lucian, Prof. PhD

1
, Pisa Ionel, Assoc.Prof. PhD

1
, Negreanu Gabriel-Paul, Assoc. Prof. PhD

1
, Berbece 

Viorel, Lect.
1
,  Pop Elena, Lect. PhD

1
,  

Bartha Sandor, eng.
2
,  Enache Emil, ec.

3
   

1
 Universitatea Politehnica din Bucuresti, Romania

  

2
 SC Erpek Srl Sf.Gheorghe, Romania,  

3
 SC E-Morarit Srl, Husi, Romania 

 

Abstract 

 

 In Romania, nowadays, the wood is valorized for energy in various states (saw dust, 

chips, pellets, residuals) and also the straw in briquettes form, in installations for producing 

thermal energy. There are also achievements in cultivation of the energy willow, the year of 2013 

representing the passing to mechanized harvesting on extended areas. There is an already 

accumulated experience in burning energy willow chips, in the 30-1000 kW range. The straw is 

valorized in the briquettes form in boilers having up to 150 kW, in which, by intense cooling of 

the flame, the negative phenomena linked to the fluidization and the adherence of the ash are 

eliminated. The majority of boilers so far manufactured are using mechanized cleaning, during 

operation, of the deposits on the flame tubes.  

 For electricity production there is under development a power plant having 100-200 kW 

electrical power, with water and steam based Rankine cycle, with or without cogeneration, for 

wood chips as a fuel. 
 

 

1. The Solid Biomass Potential in Romania 

 

Romania has a forested area of about 30% of its territory and a great agricultural potential. 

Thus, nowadays sustained efforts area made to valorize these renewable resources for energy 

production. 

In the last few years one could remark the apparition of energy willow cultures, which 

represents about 1200 ha, today. 

In the field of energy valorization of agricultural waste, the main results were in cereals straw 

use. These come in large quantities, as wheat is cultivated on 2.6 million ha on average. A total 

quantity of straw of up to 11-12 million tons per year results, from which 75% is available for 

energy valorization.   

In table 1 is presented the available solid biomass distribution on geographical regions of 

Romania. 

In Romania the heat quantity resulting from the energy valorization of biomass detains 

different quotas in the primary resources balance, according to the type of waste used or the 

destination of the final product. Thus, 54% of the heat produced from biomass is obtained by 

burning forest residuals. Biomass is largely used (about 89%) in the rural areas and in the 

peripheral zones of the towns for home heating and food preparation by traditional technologies.   

Some industrial units from the wood processing have acquired industrial boilers for steam 

and hot water suing wooden biomass as fuel, as in the electro - thermal power station in Seles. In 

the figure 1 the power station from Pangarati, in Neamt county is illustrated. For a lower heat 

value of 14000 kJ.kg and a 16% efficiency the fuel consumption is 8 tons/hour, for a 30-35% 

moisture content in wood. 
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Table 1. Romania’s biomass potential divided on sorts and regions 

 

 

Nr. 

 

 

ZONE 

 

Forest Biomass 

 

thousands 

tons / yr 

TJ 

 

Wooden Waste 

 

thousands 

tons / yr 

TJ 

 

Agricultural Biomass 

 

thousands 

tons / yr 

TJ 

 

Urban Waste 

 

thousands 

tons / yr 

TJ 

54 19 844 182 II 

 

Dobrogea 

 451 269 13,422 910 

Moldova 166 58 2,332 474 III 

 

 
 

 

1,728 802 37,071 2,370 

1,873 583 1,101 328  
IV 

Carpathians 

19,552 8,049 17,506 1,640 

835 252 815 548 V 

 
Plateau of  Transilvanya 

 8,721 3,482 12,956 2,740 

347 116 1,557 365 VI Western Planes 

 3,622 1,603 24,761 1,825 

1,248 388 2,569 1,314 VII 

 

Subcarpathians 

 13,034 5,366 40,849 6,570 

204 62 3,419 1,350 VIII 

 

Southern Planes 

 2,133 861 54,370 6,750 

 

 
 

Figure 1. The Pangarati power station in Neamt county. 

 

In Romania for energy operation there are: 

- over 650 industrial boiler for steam or hot water for industrial heating using wooden 

biomass, sawdust included; 

- over 30 hot water boilers with installed power between 0.7 MW and 7 MW, for 

urban/district heating. 

There are also six urban locations with wooden fuel heating installations. 
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2. Achievements in energy valorization of Swedish willow 

 

While in Romania the energetic willow culture has started in 2008, the first mechanical 

harvesting was performed in Covasna county, Poian village, in February 2013, from an area of 20 

ha. The average crop was about 50 tons/ha with a moisture content  of 50-51%. The harvesting 

equipment was a Klass harvester equipped with a John Deere type harvesting head, especially 

designed for willow and the productivity was of 1 hectare to 1 hour of work. 

 

  
 

Figure 2. The Covasna county in Romania and the first energy willow culture height 

 

 The chopped willow the size was characterized by the following scalpers: 10 % on the 20 

mm, 0 on the 30 mm shakers and the storage was made on an open platform (most of it) and a 

small quantity on a covered platform. After the drying process made in enclosed space 

characteristics of the harvested willow: 

- density of  250 kg/m
3
; 

- wetness  50 - 51 %;  

- ash  0.6 - 0.8 %, 

changed for dried willow as follows 

- density  160 kg/m
3
; 

- wetness 20 - 22 %; 

- LHV  16500 - 17000 kJ/kg. 

 
Figure 3. The chopped willow and the test boiler 

 

The burning tests were conducted in Politehnica University of Bucharest specialized 

laboratory, which is equipped with low thermal power boilers of 40 kW made in Romania by 

ERPEK company, which is manufacturing thermal boilers of 30-1000 kWt. The boilers have an 
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integrated system for fuel fluidizing (in the small power range boilers), and a mobile grate (in 

high power range boilers) and two serial feed screws for fuel handling. The chopped willow 

wetness was 14% and the LHV 17500 kJ/kg, which is very high and from this point of view, 

makes it an efficient renewable fuel. The burning experiments indicate a wetness of the chopped 

willow under 30%, but the maximum efficiency imposes a wetness of 20-22%.  

 

3. Boilers made  in Romania for solid biomass fuel 

 

The 400 kW and 500 kW boilers manufactured by the ERPEK firm are destined to heating of 

individual households, of blocks of flats, of machine shops and of commercial societies which 

need centralized heating systems with hot water, washing water or technological water and use 

wooden chops as fuel, energy willow included. 

The installation is a welded construction, made from sandwich type steel plates resistance 

structure with two distinct bodies: the combustion chamber and the convective heat exchanger. 

The furnace is padded in its interior part with high temperature heat resisting refractory 

mantle, which permits reaching a high temperature in the furnace for an optimal combustion. 

Also in the furnace there is the moving grate, whilst near it there is the optional container for ash 

collecting, having a visiting door for cleaning. 

The heat exchanger is of vertical type with steel tubes immersed in water having two fumes 

passes for maximum efficiency and an optimal heat exchange. 

The wooden biomass type fuel in the storage deposit is brought to the grate by means of a 

worm feeding system which controlled by a photo-cell. The stroke and the time of movement of 

the grate are controllable in correlation with the fuel quality, in order to get a optimal forwarding 

speed, thus taking over a possible large range variation in granulation and moisture. The furnace 

is of arch type for increasing the capacity of ignition of the fuel. 

The secondary air is introduced in the combustion chamber which ensures also the cooling of 

its exterior. The three fume ways heat exchanger provides an optimal heat exchange between the 

flue gases and the water in the boiler. The biomass quantity is discontinuously introduced and 

regulated according to the nature, the granulation, the moisture and the heat demand. 

In figure 4 is presented a constructive sketch of this range of boilers. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The medium range thermal power boilers constructive sketch 

 

In figure 5 is presented the storage system for the chopped wood and the mode of 

distribution to the boiler. The wooden chops storage is made in containers of the packaged 
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transportable type. The boiler has tow containers of this type which feed a common worm 

systems, the replacement of one of the container is possible with the boiler in operation. 

 

 
 

Figure 5. View to the containers for fuel storage. 

 

The measurements for the efficiency and the pollutant emissions were conducted using a a 

gas analyzer AFRISO Maxilizer NG series 11, the probes being taken at the exit from the boiler 

before the cyclone filter for dust capturing. The dust emission was measured with a Ba apparatus, 

placed after the cyclones. 

The efficiency was estimated by the indirect method (by measuring heat losses) at different 

thermal loads of the boiler. The efficiency variation with the boiler load (the thermal load) is 

presented in the diagram in the figure 6. 

 

 
 

Figure 6. Efficiency variation with the thermal load of the boiler 

 

The pollutant emissions were within the European environment regulations: 

•  CO emission range:        CO = 10 mg/m
3
- 98 mg/m

3
, for O2 = 11%; 

•  NOx emission range:   NOx = 40 – 120 mg/m
3
, for O2 = 11% ; 

SO2 emission was present in very small range: 

• SO2 emission range:   SO2 = O – 300 mg/m
3
, for O2 = 11% ; 

• dust emission:  < 47 mg/m
3
. 
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For the production of electric power, cogeneration included, a 100-200 kW power station 

manufacturing was proposed, having steam turbine and a boiler able to burn energy willow 

chops. 

To exploit plantations over 30-40 ha, it appears necessary to achieve small size power 

plants, e.g. 100 kW for about 3500 hour /year. A two year period between harvest requires a 

70-80 ha energy willow plantation. Increasing harvest and annual operating period require an 

increased plantation. This project aims to achieve a boiler of 1 t/h of superheated steam, 

which can be supplied to a turbine of 100 kW, a turbine which is in current production. It can 

achieve such a power plant of 100 kW, fully adapted to the characteristics of energy willow 

as a fuel, in figure 7 being presentat the installations ensemble.  

 

 
Figure 7. Complex technological flow of the 100 kW power station 

 

The scientific and technical challenge is to solve the combustion of energy willow chips with 

the size of 0-30 mm directly resulted from harvesting in a low thermal power boiler plant – figure 

8. For this purpose, the boiler will have attached to the furnace a tunnel burner that will achieve 

about 75% of the combustion, this being completed in the combustion chamber, which will be 

rectangular, with cooled walls by the evaporator. The boiler will be of natural circulation, with 

drum and, therefore, with the steam superheater in the serpentine shape. 

         

 
Figure 8. Sketch of the future boiler 

 

Natural circulation boiler allows salts purging and, therefore, a lower level of water 

treatment, which is important for a local energy producer. The boiler has a modular construction, 

the burner having a bunker fuel, the power system and the appropriate automation representing a 
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module, and the boiler heat exchangers representing the other module. The burner will have to 

achieve an enhanced combustion, and, because there are no cooling elements, the thermal effect 

necessary for ignition and combustion processes will be achieved by plating the vault with fire 

resistant bricks.  

The boiler must allow the evacuation and the capturing of ash. It shall be noted that ash is a 

useful agricultural fertilizer, which can be used on the plantation. 

 

4. Achievements in energy valorization of cereal straw 

 

Energy valorization of cereal straw at this hour in Romania is achieved by two axes: 

- burning of straw briquettes in installations for other solid fuels; 

- burning of cereal straw in installations destined solely this fuel. 

There are no installations to have volumes to the level to at least bale from the harvesting. 

The cost for one ton of briquetted straw varies between 65 and 85 euro, that is including also 

the cost of making one bale( 4.8-5.5 euro), the cost of storage (1-2 euro), the transportation cost 

to up to 50 km (0.11-0.17 euro), the cost of briquetting (6.5-8.5 euro). 

An installation to burn cereal straw, should avoid the solidifying of the ash, which occurs at 

temperature above 850
o
 C. The firm E, Morarit from Husi, Romania, have developed two types 

of boilers, one of 100 kW and another 150 kW, which, by a large extraction of heat from the 

furnace, maintains its temperature under 850
o
 C. 

The elemental calculations analysis for briquettes, made using the COSTECH ECS 4010 

analyzer,  shows: 

C
i
 = 42,6%, H

i
 = 6,7%, N

i
 = 0,6%, O

i
 = 33,14%, W

i
t = 11,97%, A

i
 = 4,99%. 

 The lower heat value is: 

  H
i
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. 

The 150 kW boiler, presented in the figure 9, has a flame tube and a vertical convective 

system. The grate for briquette burning is cooled by water, to the same purpose of controlled 

cooling of the flame. 

The boiler mantle has 850 mm in diameter and 1100 mm in length. The flame tube has a 600 

mm external diameter. 

The boiler constructive and dimensional design was made by the “Politehnica” University of 

Bucharest in the project mentioned in the Acknowledgements. The original elements were 

proposed for patenting, to the competent authority in Romania.  

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.  

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. 
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Figure 9.  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. 

 

 

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). 

It was demonstrated in the boiler operation, that a cleaning for 2 to 10 minutes, is needed for 

every 24 hours period.  

The area of the grate surface is 0.32 m
2
, while the gravimetric load of the grate is 105 

kg/(m
2
h). 

The fixed bars grate has water cooling from the boiler mantle, for an amplified heat 

extraction process from the burning area. The volume thermal load of the grate volume is 470 

kW/m
3
. In Figure 10, a view to the fixed bars placed in the mantle is presented. 

 

 

   
 

Figure 10. The 150 kW furnace and mantle constructions and the view of the boiler 
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In Figure 10, a view of the boiler is presented, with the convective heat exchanger placed 

above the boiler body. Under the convective heat exchanger a system of boxes is placed for the 

capture of the ash after the cleaning. 

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. 

In Figure 11 the systems for the fuel feed and the grate bars drive (by a electrical motor 

actuator and rack) are presented. After the grate, the burning installation has a fuel and ash 

pusher, which regulates the burning processes finalizing.  

The moving grates are made of grey cast iron and they have an alternating movement. 

 

 

   
 

a.                                                                  b. 

Figure 11. The fuel feed and grate drive systems: 

a – the  view; b - the schematic drawing 

 

The ash evacuation is carried out by two electrically driven worm systems that have 

automated sequential command. In Figure 12 the worm system for the ash evacuation at the end 

of the flame tube is presented. The other worm system is placed under the grate. 

The ash aspect, as seen in the figure 13, presents no agglomeration specific to reaching the 

melting temperature. The evacuated ash is deposited into a box; the ash evacuation deposit 

system is presented in the Figure 13.  
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Figure 12. View from the evacuation cover 

door. 

 

Figure 13. The ash box view 

 

The system of coupling helical worms for the cleaning the fume pipes of the convective heat 

exchanger to the actuator bars or racks is presented in the Figure 14. 

The convective heat exchanger has steel helical screws in each of the fume tubes, with the 

role to increase the heat exchange and to clean the solid deposits, the cleaning realized by their 

movement, alternating vertical or rotation, as seen in figure 14. 

 
Figure 14. Cleaning solutions for the fume tubes 

 

The efficiency of the bloilers is 90% and the pollutant emissions within the european 

regulations. 

The resulting ash, by its compositions represents a average quality fertilizer and it can be 

spread on the fileds for this purpose. 

 

5. Constructive Solutions Of Steam Turbines For Energy From Biomass 

 

  The constructive solutions are greatly influenced, by the magnitude of the thermal 

resource to be valorized, which is given by the following main parameters: 

- the power of the driven electrical generator and the magnitude and the load type of the 

thermal power in the case of cogeneration; 

- the parameters of live steam from the boiler (pressure, temperature and mass flow rate); 

- the parameters of the steam at the exit from the steam generator; 

- the rotational speed; 

- the functional type derived from the degree of reaction (impulse type or reaction type). 

For the smallest units having up to 200 kW, micro-turbines solutions are available: 

 
Table 2. Single stage steam micro-turbines 

Nominal Power 

[kW]/speed [rpm] 

Live steam 

parameters 

[bar]/[ºC] 

Exit 

parameters 

[bar]/[ºC] 

Constructive solution Observations 

50..250/3000 4..12/140..250 2/sat. Patented “bristles”  

solution; tangential 

inlet centripetal flow 

[5] steam consumption 

1.5..4[t/h] 

15/26000 10..12/200..220 0.1/sat Radial flow [1] steam consumption/ 
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rate 

0.04[kg/s]/9.8[kg/kWh] 

275/n.a. 13.8/n.a. 0.138/sat Radial flow steam 

consumption/heat rate 

0.5[kg/s]/3.9[MJ/kWh] 

  

 For the larger power range, from 2 to 5 MW the functional and constructive solutions are 

those derived from the industrial steam turbines some examples are shown below: 

 

 
Table 3. Multiple stage steam turbines 

Nominal Power 

[kW]/speed [rpm] 

Live steam 

parameters 

[bar]/[ºC] 

Exit 

parameters 

[bar]/[ºC] 

Constructive solution Observations 

3000/ 11543 / 

1500  

21/275 0.23/sat. Axial flow reaction  drum 

type with Rateau first stage 

steam consumption/ rate  

6.41[kg/s]/n.a.[4] 

4.8/3000 42/425 0.8/sat Axial flow impulse type; 

diaphragm and discs 

steam consumption; 

efficiency elec./cogen. 

8.33[kg/s];18.1%/93% 

1000/10500/1500 35/435 0.1/sat Axial flow reaction  drum 

type with Rateau first stage 

and controlled extraction  

steam consumption/heat  

production 

2.78[kg/s]/4[MWt] 

 

 From the examples mentioned above the last is illustrative for the use of industrial type steam turbine for 

biomass valorization. In comparison to other type of turbines which have smaller number of stages, as in the case of 

impulse type turbines, (or just one velocity compounded stage, for Curtis type turbines), which have lower 

thermodynamic efficiency, the turbine presented in figure 1 provides maximum efficiency, that is practically 

achievable, thus allowing faster investment return and better utilization of the biomass resources, in this particular 

case forest chips [2].  

 

 
 

Figure 15. Reaction type steam turbine for biomass 
 

  For the intermediate power range 500 kW to 1000 kW, the functional and constructive 

solutions are mixed, combining elements from the high speed single constructions with lower 

speed multistage, “classical” design steam turbines. 

  The functional and constructive solutions of the steam turbines for biomass valorization are 

chosen according to the specific parameters of each case, in order to get optimal values for the 

technological and the economic performances of the power plants. For a better use of the biomass 

potential the cogeneration power plants are widely spread and in some instances encouraged by 

state founded incentives, such as the “green certificates”.  
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 In the case of small power range novel types and solutions for the steam turbines are 

proposed, some of which have very promising efficiency values. 

  In the mid range cases other thermal energy solutions could be used, such as the Organic 

Rankine Cycle (ORC) turbine installations, which eliminate the main disadvantage of the water 

based cycles, the lower density values. 

  And last but not least, the economic analysis has the predominant role in the decision 

making process of choosing the right type of turbine installation and getting the funding from the 

potential investors, which are of different scale that in the case of large fossil fuel power stations. 

 

6. Conclusions 

 

The paper presented the achievements and the directions of development for the valorization 

of the solid biomass potential of Romania. For the energy willow a large development is 

envisaged in the next years, the same being true for the cereal straw. Small scale (100 kW) power 

stations producing electricity or heat and electricity in the case of cogeneration solutions are 

possible, using solid biomass as fuel are feasible with the already available steam turbines.  
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