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Abstract. In order to remain within the 1.5 ° C limit of the Paris Agreement, countries that 

operate coal-fired power plants should replace some of them with renewable energy capacities, 

and reduce the activity of the operational ones.  

Another possibility to diminish emissions is the saving of primary energy and, in this context, 

the recovery of energy from industrial processes should be a priority.  

For most companies in Romania, the continuous increase of the cost of utilities, and especially of 

the cost of energy in different forms, has a significant influence on the production and the profit. 

Increasing the energy efficiency of the processes and the decentralized generation of energy 

represent opportunities to decrease the dependence of companies on an energy market that is, 

most of the times, inflexible. At the same time, costs would be reduced and corporate social 

responsibility would increase. 

The paper analyzes the possibility of covering the energy requirement for a wood processing 

company, through decentralized generation of electricity and heat. Considering that the sawdust 

resulting from the technological process is burned in heating boilers, an ORC can be installed to 

recover the heat of the flue gases discharged from the boiler to produce electricity. 
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1.INTRODUCTION 

 

The previous 35 years were characterized in 

Romania by generation of electricity based 

mainly on fossil fuels combustion. 

According to the European Union 

requirements [1], the power and heat 

generation for industry and household 

sectors have to gradually glide from fossil 

fuels to renewable sources of energy. 

Although the further enlargement of wind, 

water and solar sources of energy 

capitalization is encouraged in the current 

frame of Romania, biomass is still an 

auspicious source of energy for the future.  

Biomass use for energy purposes gained 

particular interest in recent years [2] 

because:  

 it contributes to poverty reduction in 

developing countries,  

 it meets energy needs at all times, 

without expensive conversion devices,  

 it can deliver energy in all forms that 

people need (liquid and gaseous fuels, 

heat and electricity),  

 it is carbon dioxide (CO2)-neutral and 

can even act as carbon sinks,  

 it helps restoring unproductive and 

degraded lands, increasing biodiversity, 

soil fertility and water retention. 

Biomass sources are basically forests, 

agricultural plantations, industrial waste, 

bush trees, crop and processing residues and 

domestic wastes.  

According to Romanian Ministry of 

Environment and Climate Changes [3], the 

forests cover 65,150 km
2
, representing 

27.32% of the total area of Romania. Fifty 

two percent of the forests are in the 

mountains, thirty seven percent in the hilly 

regions and eleven percent in the plains. 

Forest composition is diversified: beech 

32%, conifers 30%, oak species 17%, 

different hard broad-leaves 15% and soft 

broad-leaves 5%.  

https://www.mdpi.com/search?authors=Mihai%20Cruceru&orcid=0000-0002-9006-052X
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The current method used to determine the 

allowable cut aims to maximize the forest 

development. The average growing stock is 

560 m³/ km
2
 /year or 36.5 mil. m³ /year and 

the maximum volume of wood approved to 

be harvested for 2008-2010 was around 17 

mil. m³ /year. 

The main function of 53.3 % of the 

forests is to protect different ecosystems 

from pollution, soil erosion, to create 

watershed protection or they are part of 

national parks. The main function of 46.7% 

of the forests is biomass production.  

The long-term goals are focused on the 

regeneration of forest areas from which the 

wood was harvested, on the forestation of 

non forest land, on the development of the 

public forest estate and on the preservation 

of private forests. 

The biomass type that was assessed in 

this paper is the wood waste from wood 

processing industries. The wood is widely 

used for manufacturing different products 

and an undesirable result of the processing 

consists in large amounts of clean wood 

fractions. This waste is usually dried and 

released in a storehouse. Wood industries 

already use part of this waste for heating and 

wood drying.  

 

2. TECHNICAL DESCRIPTION OF 

THE ORGANIC RANKINE CYCLE 

The situation of a wood processing company 

located in Romania is analyzed.  

The main equipment of the cogeneration 

plant based on biomass is: (1) a biomass 

fired thermal oil boiler with a rated capacity 

of 4 MWth; (2) a hot water boiler with a 

nominal capacity of 1.25 MWth 

(125˚C/150˚C) and a hot water boiler with a 

nominal capacity of 2.35 MWth 

(75˚C/95˚C); (3) the cogeneration 

plant based on organic cycle, with 1 MWel 

gross electrical power. 

To increase the overall efficiency of the 

ORC cogeneration unit, a regenerator with a 

rated capacity of 1.5 MWth was placed 

before the condenser  

The electricity demand of the company 

for technological process is up to 1 MW.  

For the business opportunity assessment 

of an investment into the decision to invest 

in the implementation and operation of a 

biomass cogeneration plant, the following 

inputs were considered: 

 a significant need of heat to cover 

the annual consumption of thermal 

energy in the form of hot water;   

 a significant annual electricity 

demand for technological purposes; 

 limited capacity of wood yards; 

during the summer season, a lot of 

storage problems may occur (e.g. 

self-heating); 
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Fig. 1. Biomass fired Cogeneration Plant with ORC [4] 

 

 availability of large amounts of 

biomass as wood waste resulted from 

the raw wood processing and 

furniture manufacturing; 

A biomass fueled cogeneration plant 

with Organic Rankine Cycle (ORC) 

technology was chosen, as various 

worldwide industrial applications 

demonstrated that is a well proven industrial 

technology for application in small biomass 

cogeneration plants.  

Unlike the most Rankine steam cycles, 

the Organic Rankine Cycles (ORC) use an 

organic working fluid. The suitable 

applications for ORC technology are small 

power plants, renewable and energy 

recovery systems with low levels of 

temperature.  

Heat sources at low temperatures are, for 

example: solar and geothermal energy, 

biomass combustion systems, and heat 

recovery systems from exhaust gases. 

The company operates 330 days per year, 

24 h per day, so it is obvious that the power 

plant has to operate continuously, as the 

main objective of the power plant is to fully 

satisfy the thermal needs for technological 

process. 

The biomass fired ORC cogeneration 

plant is based on a closed Rankine cycle, the 

working fluid being an organic fluid (Fig.1) 

The ORC technology is characterized in that 

the working fluid does not receive directly 

the heat generated by biomass combustion. 

An intermediate fluid, usually thermal oil, is 

initially heated in a biomass fired boiler. The 

thermal oil at high temperature transfers heat 

to the working fluid, which vaporizes. The 

high-pressure organic vapors expand into a 

turbine and a turbo-generator converts the 

mechanical energy into electricity. 

In sizing the ORC plant, the Directive 

2004/8/EC requirements were fulfilled: (1) 

full coverage of total annual consumption of 

heat, (2) partial coverage of total annual 

electricity demand. 
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Fig. 2. Thermal scheme of an ORC 

 

 
Fig. 3. The ORC in T-s diagram 

 

3. RESULTS AND DISCUSSION 

 

The governing equations for each process 

are: 

 Process 1-2, in pump: 

Mass balance equation 

 ̇   ̇   ̇    (1) 

Energy balance equation 

 ̇         ̇      (2) 

Where: 

         (     ) 

       

Entropy balance equation 

 ̇         ̇      (3) 
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 Process 2-3 and 5-6 in regenerator 

Mass balance equation 

 ̇   ̇   ̇   ̇   ̇  (4) 

Energy balance equation 

 ̇      ̇      ̇      ̇    (5) 

Where  

          

Entropy balance equation 

 ̇      ̇            

  ̇      ̇      (6) 

 Process 3-4 in vapor generator 

Mass balance equation 

 ̇   ̇   ̇  and 

 ̇      ̇      ̇    (7) 

Energy balance equation 

 ̇      ̇              

 =  ̇      ̇            (8) 

Where 

             

Entropy balance equation 

 ̇      ̇                 

   ̇      ̇            (9) 

 Process 4-5 in turbine 

Mass balance equation 

 ̇   ̇   ̇    (10) 

Energy balance equation 

 ̇      ̇         (11) 

Where: 

        (      ) 

       

Entropy balance equation 

 ̇         ̇      (12) 

 Process 6-1 in condenser 

Mass balance equation 

 ̇   ̇   ̇  and 

 ̇      ̇      ̇     (13) 

Energy balance equation 

 ̇      ̇              

  ̇      ̇           (14) 

Where           
  

Entropy balance equation 

 ̇      ̇                

   ̇      ̇            (15) 

 

The condensation pressure is 0.054 bar 

and the vaporization pressure is 17.1 bar. 

The vaporization temperature is 250 oC 

and the condensation temperature is 32 C. 

The flue gases coming out of the thermal 

boiler with the temperature of 280 C 

represent the hot source of the cycle. The 

condenser is cooled with water from a 

drilled well, with constant inlet temperature. 

The enthalpy and the entropy of toluene 

are read according to the state parameters 

and, replacing in relations 1 .. 15, the 

following values are obtained: 

Fluid flow:  

 ̇            

Heat flow received in the vaporizer 

          

Heat flow transferred into the condenser 

           

Mechanical work produced in turbine 

          

Energy efficiency of the ORC 
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4. CONCLUSION 

 

The increasing concern over climate change 

and unstable fossil fuel prices was driving 

the development of new technologies to 

generate electricity from low temperature 

heat sources. The Organic Rankine Cycle 

(ORC) system is the most widely used 

especially in biomass and geothermal 

applications.  

ORC based cogeneration requirements 

are: the “heat resource” to be available, 

accessible and affordable and steady heat 

use demand.  

Several years ago, the ORC was not an 

attractive application because of high 

investment costs but, in our days, due to the 

rapid technological development, the 

payback period of the investment is several 

years.  
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