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The research is devoted to the development of a model for 

cost distribution of maintenance and repair of electrical equip-

ment when making decisions on the management of the electric 

power system state. The decrease in the reliability of electric power 

system operation, caused by the objectively existing aging of elec-

trical equipment, requires consideration of equipment significance 

when planning the maintenance and repair. For this purpose, it is 

proposed to use the theory of fuzzy sets, Saati’s method and Bool-

ean programming method. The result of solving the optimization 

problem of multicriteria analysis is a vector of the best alternatives, 

built on the principle of dominance. The developed algorithm of 

complex simulation of the electric power system state and cost 

distribution of maintenance and repair for making decisions on 

the determination of priority of electrical equipment out of service 

allows for effective decision-making. The results of probabilistic 

and statistical simulation of electric power system states us-

ing the Monte Carlo method allow us to take into account the 

probabilistic nature of emergency situations in the electric power 

system when determining its weakest elements that require prior-

ity replacement. The advantage of the proposed approach is taking 

into account the technical condition of electrical equipment for 

risk assessment of the electric power system emergency situation. 

A comparative analysis of ranking results of electrical equipment 

based on the emergency risk assessment of the electric power sys-

tem confirmed the high efficiency of the planning of electric power 

system states when solving the problems of preventive control. The 

developed model will be used for further research and development 

of the algorithm for making effective decisions regarding the opera-

tion strategy of the electrical equipment and preventive control of 

the subsystem operation of the electric power system. The obtained 

results of complex simulation of the electric power system state 

and technical condition of the electrical equipment give grounds to 

assert the possibility of software implementation of operation risk 

analysis of the electric power system for power supply companies.

Keywords: Saati’s method, risk management, failure probability, 

maintenance and repair.

References 

1.	 Dahai You, A., QingQian Chen, B., Xianggen Yin, C., Bo Wang, D. 

(2011). A study of Electrical Security Risk Assessment System based 

on Electricity Regulation. Energy Policy, 39 (4), 2062–2074. doi: 

https://doi.org/10.1016/j.enpol.2011.01.050 



98

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/8 ( 96 ) 2018

possible to maintain the necessary head in network nodes, prevent 

its exceeding, which helps to reduce leakage and power consumption 

costs at pumping stations.

Keywords: water supply network, flow distribution control, 

control procedure, zone of insufficient head, control nodes.
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It is required to substantiate the method for determining the 

number of control nodes both during designing networks taking into 

consideration its supply, and in the process of its operation when hy-

draulic characteristics of the sections change. It is necessary in order 

to substantially reduce energy consumption of pumping equipment 

and to prevent significant leakage. The processes of formation of 

zones of insufficient head in water supply systems were explored. The 

method of flow distribution control in water supply network, which 

makes it possible to substantiate the necessary and sufficient number 

of control nodes and the place of their location, was proposed.

It was shown that the resulting decisions are coordinated with 

the existing methods for ensuring the necessary head in a network. 

This opens additional opportunities in flow distribution control, 

namely, specification of control nodes location in the water supply 

system during its operation. 

As a result of the studies, the principle of determining the 

number of control nodes was proposed, which makes it possible, 

depending on the area of zones with insufficient head, to determine 

their necessary number when designing a water supply network and 

specify the location during operation.

According to the presented procedure of flow distribution 

control in water supply systems, hydraulic calculations for various 

modes of water pumping are performed, water consumption in the 

sections that are in operation at the time of measurement of piezom-

eter in control nodes is determined. The actual node heads are deter-

mined, the nodes on the border of the zones with insufficient head, 

from which, if necessary, additional head control nodes are assigned, 

are established. At the stage of networks designing, a change in op-

eration parameters of the network is modeled. Piezometric marks in 

the nodes are determined relative to supply nodes, where the head 

value is specified. The criterion for selection of the number of control 

nodes and their location places is the magnitude of minimum head in 

them and the dimensions of the zones with insufficient head.

There were developed the recommendations and supplements to 

existing practices of flow distribution control, which determine the 

number and location of control nodes at the stage of design and in 

the process of the operation of water supply networks. This makes it 
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This paper shows the impact of enclosing structures of build-

ings on the dynamics of heating and cooling premises under variable 

climatic conditions for various operational modes. A mathematical 

model has been proposed for the basic operational modes when an 

intermittent heating supply is used. A structure of the mathematical 

model consists of two inertial links: low-inertial and highly-inertial. 

The first link reflects the process of heating air indoors. The second 

link reflects the process of heating a premise’s enclosing structures. 

Parameters of the proposed model are the coefficients of the transfer 

of an object along the channel “heating power – change in air tem-

perature”, as well as the time constants for each of the links. The in-

put variables for a given model are the ambient temperature and the 

premises’ utilization mode (switch time of alternating regimes). The 

output change is a room temperature in accordance with the current 

mode. We have defined boundary conditions for employing a standby 

mode of an intermittent heating system for various types of buildings 

at different degrees of thermal modernization.

The results of this research could be used when designing new 

public buildings and while modifying heating systems at existing ad-

ministrative and educational institutions. In this case, it is necessary 

to take into consideration the degree of thermal modernization of a 

building, the type of heating systems, as well as modes of utilization. 

Keywords: intermittent heat supply system, mode boost, stand-

by mode, power reserve, heat accumulator.
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In the course of this study we defined conditions for the ra-

tional utilization of intermittent heat supply for public buildings 

of various types: administrative and educational institutions, and 

other public buildings. Known results of theoretical and experi-

mental research do not take into consideration the dynamics of 

cooling a building and the appropriateness of employing a standby 

heating mode. And this is very important for a model of control 

over a heat supply system. We modeled mathematically a change 

in temperature indoors for various types of buildings under vari-

able climatic parameters, of different levels of modernization 

and operating parameters of buildings, all of which defines the 

appropriateness of employing a standby regime. By cancelling a 

standby mode, it becomes possible to achieve an additional energy 

saving effect.



100

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/8 ( 96 ) 2018

Vitaliy Kuznetsov 
National Metallurgical Academy of Ukraine, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-8169-4598

Yevheniia Kuznetsova 
Institute of Integrated Education

National Metallurgical Academy of Ukraine, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0003-2224-8747

Systematization of data on energy consumption by buildings of 

different purposes makes it possible to investigate processes from 

the standpoint of efficient use of energy resources in order to ensure 

comfortable conditions. This necessitates improvement of existing ap-

proaches, or search for the new ones, in order to analyze data on energy 

consumption by different buildings.

Based on a study into the process of preparing data on energy 

consumption by buildings, we have proposed a procedure of initial 

analysis. It takes into account the purpose of a building, as well as 

techniques for data acquisition, information on the indicators of ab-

solute and relative electricity- and heat consumption, indicators of 

indoor and outdoor air temperatures. Using energy consumption by 

buildings of the educational institution as an example, we have verified 

the devised procedure for the preliminary data analysis.

Our study has made it possible to establish the correlation of 

energy consumption indicators and the indoor and outdoor air tem-

peratures in the transition from general data to the data on a heating 

period. An analysis of spread diagrams has revealed the trends towards 

lower energy consumption, as well as the excessive consumption of 

energy resources by the examined objects. 

Based on the developed software, we compared indicators of heat 

consumption by individual apartments and a maximum heating need 

in accordance with normative documents.

The results obtained could form a basis for developing applied 

information solutions for municipal energy management. 

Keywords: heat supple to buildings, energy consumption data 

analysis, data preparation, monitoring of energy consumption by 

buildings.
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We have examined, for the plate heater included in a heat 

recovery system of the boiler plant, the influence of its thermo-

physical parameters on the losses of exergetic power under differ-

ent operational modes of the heating boiler. A procedure for the 

calculation of losses in a given heat recovery unit is based on an 

integrated approach that combines exergetic methods with the 

methods of thermodynamics of irreversible processes. A mathemat-

ical model includes a differential equation of the exergy balance 

and an equation of thermal conductivity for an air heater under 

boundary conditions of the third kind. The differential equation of 

exergy balance has been solved jointly with the equation of thermal 

conductivity. The result of solving them is the obtained estimation 

dependences for determining the losses of exergetic power associ-

ated with the processes of heat transfer.

We have calculated losses of exergetic power in the examined 

heat recovery units at a change in the coefficient of thermal con-

ductivity of the plate, in the heat transfer coefficient from flue gases 

and an operational mode of the boiler. The derived dependences 

on a thermal conductivity coefficient for the considered operating 

modes of the boiler have two distinct sections, along the first of 

which there is a relatively small increase in the losses of exergetic 

power while reducing the coefficient of thermal conductivity, along 

the second ‒ the loss of exergetic power in a heat recovery unit in-

crease relatively sharply. For the considered sequence of regimes of 

the boiler a transition from its maximum heat output to the minimal 

one is accompanied by a decrease in the losses of exergetic power. A 

similar character is also demonstrated by the dependence on a ther-

mal conductivity coefficient of the relative contribution of losses of 

exergetic power in the heat transfer processes to their totals in a heat 

recovery unit. In this case, there are minor differences in the relative 

contribution of these losses under different operational modes of 

the boiler. The heat transfer coefficient from the side of flue gases 

within a framework of a single operating mode of the boiler affects 

less significantly, compared to the thermal conductivity coefficient of 

the material of a heat exchange surface, the losses of exergetic power 

in the heat transfer processes. We have established regions of change 

in the thermal conductivity coefficient, as well as operational modes 

of the boiler, in the range of which the losses of exergetic power in a 

heat recovery unit are minimal.

Keywords: loss of exergetic power, thermophysical exergetic 

parameters, heat transfer processes, boiler’s operational modes.
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minimization theory. The influence of growing fouling on the ther-

mal and mechanical components of the total entropy generation in 

the heat exchanger was determined. In addition, the fouling mass 

that determines the time of its cleaning was defined.

Application of entropy methods for analyzing the real refrigerat-

ing machine at the design stage allows minimizing irreversible losses 

associated with operating conditions. Moreover, it allows predicting 

a maintenance schedule which contributes to energy saving.

Keywords: entropy methods, real refrigeration machine, air-

cooled condenser, solid fouling.
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The aim of the research is the thermodynamic analysis of a 

real refrigerating machine with solid fouling on the heat-exchange 

surface of an air-cooled condenser with the help of entropy meth-

ods such as: the entropy-cycle method, the entropy-statistical 

method and the entropy generation minimization method. The 

experimental data of the refrigerating machine with solid fouling 

in the form of dust on the external surface of the air-cooled con-

denser was used for the thermodynamic analysis.

The influence of irreversible losses in separate elements of the 

refrigerating machine caused by the presence of external solid foul-

ing on the external heat exchange surface of the air-cooled condenser 

was determined according to the entropy-cycle and entropy-statis-

tical methods. The entropy-cycle method has estimated the absolute 

value of energy losses in each element. The entropy-statistical 

method was used to determine the excessive consumption of work 

in the real cycle in comparison with the theoretical compression 

process in the compressor.

The irreversible losses associated with aerodynamics and heat 

transfer during air motion through a finned surface in an air-cooled 

heat exchanger were estimated by using the entropy generation 
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levels ‒ from a contact network and a battery of traction accu-

mulators. A characteristic feature of the converter is the presence 

of inverter units that can be connected either sequentially or in 

parallel. When powered by a low-voltage source, inverter units are 

connected in parallel over the entire range of change in the output 

voltage. When powered by a high voltage source, inverter units 

are connected sequentially in the range of low output voltages and 

in parallel in the range of high output voltages. Such an approach 

makes it possible to align the power voltage levels of traction 

asynchronous motors of a mine electric locomotive at a lower level. 

The expected alignment of voltage levels is carried out at a lower 

level compared to a standard circuit of the three-phase bridge au-

tonomous inverter and is achieved by controlling the paired bridges 

in the power circuit of traction induction motors. Given this, the 

frequency of voltages of width-pulse modulation does not change, 

which is important for the process of reducing dynamic losses of 

power in the drive’s elements.

It has been confirmed that an increase in the output voltage 

distortion coefficient in the IGB-transistors of the inverter with 

the minimal level of energy losses in the electric drive’s elements 

is achieved by modulating the voltage at a constant switching 

frequency at different voltage levels. We have proven the fact that 

the best indicators for the harmonic coefficient were obtained 

at frequencies about 30 Hz, which are the working ones, so the 

converter operating mode is most effective at these frequencies. 

The result of analysis of the classical scheme of the inverter has 

revealed that increasing the frequency of pulse-width modula-

tion by three times significantly increases electrical losses in the 

windings of traction electric motor. In the proposed circuit of the 

voltage inverter of engine’s power, at leveling the voltage at low 

level, there is no need to increase the frequency of pulse-width 

modulation, which does not lead to a growth in the electrical 

losses in a traction motor.

Keywords: induction motor, autonomous voltage inverter, 

pulse-width modulation, electric losses, harmonics coefficient, mine 

electric locomotive.
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We have proposed an adjustable structure of the converter of 

energy of electric drive in the electrotechnical complex of a mine 

electric locomotive from power sources with different voltage 
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We have conducted an experimental study into aerodynamic 

characteristics of the structural scheme “wing ‒ two-circuit en-

gine nacelle”. The data were acquired in the course of work of a 

promising system for the neutralization of a two-circuit engine’s 

thrust of a large by-pass ratio at aircraft landing. The relevance 

of the conducted study relates to the improvement of opera-

tional performance of a passenger aircraft. Based on the analysis 

of functions and principal schemes of reversible devices at cargo 

and passenger airplanes, we have proposed a promising method 

to neutralize the thrust of a two-circuit engine with a high by-

pass ratio. Physical essence of the method for neutralization of 

the engine’s thrust is to substantially restrict an airflow into 

the engine by a technique to rotate working blades of the fan at 

the time of landing. We have devised a specialized procedure for 

conducting a weighting and drainage experiment with a model of 

the nacelle of a turbojet two-circuit engine in a wind tunnel. The 

obtained experimental data make it possible to evaluate the limits 

of the investigated method for neutralizing the thrust in order 

to shorten the length of aircraft run. By conducting a drainage 

experiment and applying a tuft flow visualization technique, we 

identified the detachment of a flow at the outer surface of the 

nacelle’s model with a completely closed entrance. The presence 

of the flow detachment predetermined an increase in the frontal 

drag of the nacelle model by approximately 2.5 times, revealed by 

the weight experiment. In the course of the weight experiment it 

was established that the existence of a screening surface (while 

the engine’s nacelle approaches a runway) increases frontal drag 

of the nacelle model by approximately 14 %. The drainage experi-

ment found that such an increase in the frontal drag was due to a 

significant redistribution of pressure at the surface of the nacelle 

model. The study has shown that the idea of closing the entrance 

to the engine that has a large by-pass ratio at the time of aircraft 

landing is one of the promising methods for shortening the run 

length of the aircraft.

Keywords: thrust reverse, thrust neutralization, fan, nacelle, 

two-circuit engine, wind tunnel, run distance.
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The design of a highly efficient gas generating plant with a 

direct-flow gas generator was proposed for gasification of low-grade 

fuels. The design includes a gas-air recuperator and an evaporator 

for preliminary preparation of air-steam mixture. The gasification 

process is fully controlled since operation of the evaporator is coor-

dinated with operation of the blast gas supply system due to which 

humidity of the mixture fed to the gasification zone is programmed 

10 mm pellets produced of rape stems were used as fuel.

Two-factor experiments have been carried out to estimate the 

effect of volume and humidity of blast air on the lower heat value of 

the generator gas and the mass fuel consumption in the gasification 

process. The effect of air volume and humidity on temperature of 

the air-steam mixture required for the gasification process was also 

investigated.

It has been established that the optimum temperature of the air-

steam mixture was 550...570 oС and was achieved at the volume of 

blast gases entering the gas generator in the range of 37...42 m3/h and 

air humidity of 55...65 %. Under these conditions, the lower calorific 

value of the generator gas was 12.3 MJ/m3, which was 15.1 % higher 

We have improved a procedure for calculating the kinetic and 

energy parameters of the convection fruit drying process in a solar 

drying plant, based on which it is possible to analyze enhancement in 

the effectiveness of the technological process of drying and to reduce 

the cost of energy resources through solar energy.

We have examined the kinetics, dynamics and intensity of fruit 

drying in a solar drying plant, in particular for apples cut in slices 

with a thickness of 8 mm, treated with a sugar solution, exposed to 

blanching, and without treatment. We have determined such kinetic 

characteristics of the process: duration of drying the apples treated 

with a solution of sugar or exposed to blanching was 27 hours, with-

out treatment ‒ 33 hours. In this case, the intensity of drying apples 

with a moisture content from 2.89 to 0.24 kg wet/kg of dry matter is 

1.57÷0.18 kg/(m2∙s).

We have established the effect of energy parameters on the 

technological parameters of a heat carrier and the plant’s efficiency. 

Specifically, over a single drying cycle from 1.5 m2 of the air collec-

tor’s surface, a solar drying plant consumed solar radiation energy in 

the range from 723 to 800 W/m2. It has been established that this 

energy was converted into heat energy (2,368.2 kJ), absorbed by a 

heat carrier (1,984.9 kJ) and used to heat the product (836.3 kJ) and 

moisture evaporation (756.7 kJ), with a part absorbed by the heat 

accumulator (356.9 kJ). We have determined the efficiency of a solar 

drying plant, which ranged from 23 to 60 % depending on a change in 

the density of solar energy arrival, which ranged in the morning pe-

riod (from 7:00 to 10:00) from 456 to 965 W/m2 and in the evening 

period (from 17:00 to 20:00) from 734 to 223 W/m2.

The results obtained could be used in the development and 

improvement of technical means for drying fruit, to enhance the 

technological and energy efficiency of the process. 

Keywords: solar drying plant, convection drying, kinetics, activa-

tion energy, intensity of drying, heat-and-mass exchange, moisture 

content.
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has been compiled for the developed design of the gas generating 

plant. This balance has demonstrated high efficiency of the pro-

cess of air-steam gasification. Efficiency factor of the direct-flow 

gas generator was 79 % and that of the gas generating plant as a 

whole was 74.6 %.

The presented studies can be used as a basis for modernized 

methodologies of thermal calculation of mobile and stationary gas 

generating plants.

Keywords: air-steam gasification, gas generating plant, genera-

tor gas, heat of gas combustion, heat balance.

References 

1.	 Patra, T. K., Sheth, P. N. (2015). Biomass gasification models for 

downdraft gasifier: A state-of-the-art review. Renewable and Sustain-

able Energy Reviews, 50, 583–593. doi: https://doi.org/10.1016/j.

rser.2015.05.012 

2.	 Golub, G., Kukharets, S., Yarosh, Y., Kukharets, V. (2017). Inte-

grated use of bioenergy conversion technologies in agroecosystems. 

INMATEH – Agricultural Engineering, 51 (1), 93–100.

3.	 Ingle, N. A., Lakade, S. S. (2016). Design and Development of 

Downdraft Gasifier to Generate Producer Gas. Energy Procedia, 90, 

423–431. doi: https://doi.org/10.1016/j.egypro.2016.11.209 

4.	 Heidenreich, S., Müller, M., Foscolo, P. U. (2016). Advanced Biomass 

Gasification. New Concepts for Efficiency Sncrease and Product Flex-

ibility. Elsevier, 140. doi: https://doi.org/10.1016/c2015-0-01777-4 

5.	 Susastriawan, A. A. P., Saptoadi, H., Purnomo (2017). Small-scale 

downdraft gasifiers for biomass gasification: A review. Renewable 

and Sustainable Energy Reviews, 76, 989–1003. doi: https://doi.

org/10.1016/j.rser.2017.03.112 

6.	 Patra, T. K., Nimisha, K. R., Sheth, P. N. (2016). A comprehensive 

dynamic model for downdraft gasifier using heat and mass transport 

coupled with reaction kinetics. Energy, 116, 1230–1242. doi: https://

doi.org/10.1016/j.energy.2016.10.036 

7.	 Mykhailovskyi, A. Ye., Kalynovskyi, S. V. (2009). Pat. No. 86980 UA. 

Sposib formuvannia zony horinnia hazoheneratora i hazohenerator. 

No. a200614020; declareted: 28.12.2006; published: 10.06.2009, Bul. 

No. 11. 

8.	 Civenkova, N. M., Golubenko, A. A. (2012). Pat. No. 80582 UA. 

Gazogenerator. No. u201212030; declareted: 19.10.2012; published: 

10.06.2013, Bul. No. 11. 

9.	 Pauls, J. H., Mahinpey, N., Mostafavi, E. (2016). Simulation of air-

steam gasification of woody biomass in a bubbling fluidized bed using 

Aspen Plus: A comprehensive model including pyrolysis, hydrody-

namics and tar production. Biomass and Bioenergy, 95, 157–166. doi: 

https://doi.org/10.1016/j.biombioe.2016.10.002 

10.	 Sheth, P. N., Babu, B. V. (2009). Experimental studies on producer 

gas generation from wood waste in a downdraft biomass gasifier. 



108

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/8 ( 96 ) 2018

31.	 Ocampo, A., Arenas, E., Chejne, F., Espinel, J., Londoño, C., Aguirre, J.,  

Perez, J. D. (2003). An experimental study on gasification of Co-

lombian coal in fluidised bed. Fuel, 82 (2), 161–164. doi: https:// 

doi.org/10.1016/s0016-2361(02)00253-3 

32.	 Zainal, Z. A., Ali, R., Lean, C. H., Seetharamu, K. N. (2001). Pre-

diction of performance of a downdraft gasifier using equilibrium 

modeling for different biomass materials. Energy Conversion and 

Management, 42 (12), 1499–1515. doi: https://doi.org/10.1016/

s0196-8904(00)00078-9 

33.	 Corella, J., Sanz, A. (2005). Modeling circulating fluidized bed 

biomass gasifiers. A pseudo-rigorous model for stationary state. 

Fuel Processing Technology, 86 (9), 1021–1053. doi: https:// 

doi.org/10.1016/j.fuproc.2004.11.013 

34.	 Schuster, G., Löffler, G., Weigl, K., Hofbauer, H. (2001). Biomass 

steam gasification – an extensive parametric modeling study. Biore-

source Technology, 77 (1), 71–79. doi: https://doi.org/10.1016/s0960-

8524(00)00115-2 

35.	 Vasylkovskyi, O., Leshchenko, S., Vasylkovska, K., Petrenko, D. 

(2016). Pidruchnyk doslidnyka. Kirovohrad, 204.

36.	 Kolienko, V., Pavlenko, A. (2013). The heat balance of the gasifier 

and determine the efficiency of the gasification process. Systemy 

upravlinnia, navihatsiyi ta zviazku, 1 (25), 33–39. 

37.	 Ferreira, S. D., Lazzarotto, I. P., Junges, J., Manera, C., Godinho, M., 

Osório, E. (2017). Steam gasification of biochar derived from elephant 

grass pyrolysis in a screw reactor. Energy Conversion and Management, 

153, 163–174. doi: https://doi.org/10.1016/j.enconman.2017.10.006 

Fuel, 82 (7), 835–842. doi: https://doi.org/10.1016/s0016-2361 

(02)00313-7 

25.	 Wang, Y., Kinoshita, C. M. (1992). Experimental analysis of biomass 

gasification with steam and oxygen. Solar Energy, 49 (3), 153–158. 

doi: https://doi.org/10.1016/0038-092x(92)90066-j 

26.	 Turn, S. (1998). An experimental investigation of hydrogen pro-

duction from biomass gasification. International Journal of Hydro-

gen Energy, 23 (8), 641–648. doi: https://doi.org/10.1016/s0360-

3199(97)00118-3 

27.	 Shahbaz, M., yusup, S., Inayat, A., Patrick, D. O., Ammar, M. (2017). 

The influence of catalysts in biomass steam gasification and catalytic 

potential of coal bottom ash in biomass steam gasification: A review. 

Renewable and Sustainable Energy Reviews, 73, 468–476. doi: 

https://doi.org/10.1016/j.rser.2017.01.153 

28.	 Dupont, C., Boissonnet, G., Seiler, J.-M., Gauthier, P., Schweich, D. 

(2007). Study about the kinetic processes of biomass steam gasifi-

cation. Fuel, 86 (1-2), 32–40. doi: https://doi.org/10.1016/j.fuel. 

2006.06.011 

29.	 Mevissen, N., Schulzke, T., Unger, C. A., an Bhaird, S. M. (2009). 

Thermodynamics of autothermal wood gasification. Environmental 

Progress & Sustainable Energy, 28 (3), 347–354. doi: https://doi.

org/10.1002/ep.10393 

30.	 Kim, Y. D., Yang, C. W., Kim, B. J., Kim, K. S., Lee, J. W., Moon, J. H. 

et. al. (2013). Air-blown gasification of woody biomass in a bubbling 

fluidized bed gasifier. Applied Energy, 112, 414–420. doi: https:// 

doi.org/10.1016/j.apenergy.2013.03.072 


