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ABSTRACT:  During the 2015 Summit, the G7 leading industrial nations have agreed to cut greenhouse gases by 
phasing out the use of fossil fuels by the end of the century.  The European Climate Foundation described the G7 
leaders’ announcement as historic, saying it signaled “the end of the fossil fuel age”.  Since the wood waste is available 
at low cost and the financial support (green certificates) for electricity generation from biomass is guaranteed, several 
Romanian wood processing companies are interested in becoming electricity producers. The Organic Rankine Cycle 
(ORC) has been progressively adopted as a significant technology to convert low-temperature heat resources into 
electricity. This paper presents a running project of a biomass-fuelled cogeneration plant with ORC technology and 
analyzes the economic viability of the investment through a discounted cash flow analysis. 
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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 (Harmsen et al., 2011), 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 (Demirbas 
et. al., 2009) because: (1) it contributes to 
poverty reduction in developing countries, (2) 
it meets energy needs at all times, without 
expensive conversion devices, (3) it can 
deliver energy in all forms that people need 
(liquid and gaseous fuels, heat and 
electricity), (4) it is carbon dioxide (CO2)-
neutral and can even act as carbon sinks, and 
(5) 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 Forests (2010), the forests 
cover 65,150 km2, 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%.  
The current method used to determine the 
allowable cut aims to maximize the forest 
development. The average growing stock is 
560 m³/ km2 /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.  
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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 
PLANT 
The situation of a wood processing company 
located in Romania is analyzed.  
The thermal energy demand of the company 
for technological process is up to 5.35 MWth 
as hot water with temperature of 70°C/95°C 
and maximum 1.2 MWth as hot water with 
temperature of 125°C/150°C. The heat 
consumption is relatively constant during the 
year. During winter the space heating induces 
a low increase of heat consumption.  
In the past, the thermal energy was provided 
by three old boilers, one of 5 MWth and two 
of 2 MWth each. Due to the low overall 
energy efficiency of the boilers, it was 
necessary to update and upgrade the 
technology.  
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;    availability of large amounts of biomass as 
wood waste resulted from the raw wood 
processing and furniture manufacturing;  limited capacity of wood yards; during the 
summer season, a lot of storage problems 
may occur (e.g. self heating); 

A biomass fuelled cogeneration plant with 
Organic Rankin 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.  
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- see Figure 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 vapour expands 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. 
Based on 2005 – 2010 annual energy 
consumption - see Table 1, the ORC power 
plant was designed to generate more than 
42,737 MWthh of thermal energy. The 
investment was made inside the company’s 
location, on a space already available, free of 
any encumbrances and owned by the 
company.  The main equipment of the 
cogeneration plant based on biomass is: (1) a 
biomass fired thermal oil boiler with a rated 
capacity of 8 MWth and a rated temperature of 
320˚C; (2) a hot water boiler with a nominal 
capacity of 1.25 MWth (12η˚C/1η0˚C) and a 
hot water boiler with a nominal capacity of 
5.35 MWth (7η˚C/9η˚C); (3) the cogeneration 
plant based on organic cycle, with 1,317 kWel 
gross electrical power. To increase the overall 
efficiency of the ORC cogeneration unit, a 
regenerator with a rated capacity of 4 MW th 
was placed before the condenser.  
Thus, the ORC plant will annually generate 
43,281 MWthh of heat and 6,450 MWelh of 
electricity. 



Annalsăofătheă„ConstantinăBrancusi”ăUniversityăofăTargu Jiu, Engineering Series , No. 4/2015 
 

32 
 

 
Figure 1- Biomass fired ORC Cogeneration Plant (after Rentizelas et al., 2009). 

 
Table 1 The company’s energy consumption 

Year  2005 2006 2007 2008 2009 2010 
Electricity MWelh 17.800 23.364 15.044 14.919 11.397 12.000 
Thermal Energy MW thh 39.662 42.495 31.601 32.019 23.967 42.737 
Wood Waste tonne 18.480 19.800 14.724 14.919 11.167 19.615 
Energy Bill US $ 1,438,666 1,886,251 1,214,550 1,204,459 920,129 968,799 

 
3. EVALUATION OF THE PRIMARY 
ENERGY SAVINGS 
Each Member State is free to adopt its own 
unique renewable energy promotion strategy 
in order to achieve the final target of the 
Community, '20-20-20': reducing greenhouse 
gas emissions by 20%, increasing the share of 
renewable sources in energy consumption to 
20% and improving energy efficiency by 
20%, all by 2020. 
Romania implemented the first support 
scheme in 2005. This was based on a 
combination between quota obligations and 
tradable green certificates. The initial support 
scheme was improved periodically with some 
enactments 
In contrast to the provisions of the former 
Law no. 220/2008, the Government 
Emergency Ordinance no.88/2011 reduces the 
number of green certificates from 3 
certificates to 2 certificates for the electricity 
obtained from geo-thermal energy, biomass 
(other than that coming from energy cultures), 
bio-liquids, bio-gas and from 3 to 1 for the 

gas from processing the wastes and 
fermenting gas from mud.  
On the other hand, the producers of electricity 
through cogeneration plants qualified by the 
Romanian Energy Regulatory Authority as 
having high efficiency will supplementary 
benefit of one green certificate for each MWh 
generated and delivered.   
Authors are assuming that the analyzed 
company is an eligible customer, in line with 
the definitions from Directive 2003/54/EC.  
In Annex III of the Directive 2003/54/EC is 
stipulated that ”cogeneration production from 
cogeneration units shall provide primary 
energy savings calculated according to point 
(b) of at least 10% compared with the 
references for separate production of heat and 
electricity”. 
In Annex III of the Directive 2004/8/EC, the 
amount of primary energy savings provided 
by cogeneration production is determined 
with the formula:  
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where: 
- PES - the primary energy savings; 
- CHP Hさ - the heat efficiency of the 
cogeneration production, defined as an 
annual useful heat output divided by the fuel 
input used to produce the sum of useful heat 
output and electricity from cogeneration;  
- REF Hさ - the efficiency reference 
value for separate heat production; 
- CHP Eさ - the electrical efficiency of 
the cogeneration production defined as 
annual electricity from cogeneration divided 
by the fuel input used to produce the sum of 
useful heat output and electricity from 
cogeneration;  
- REF Eさ - the efficiency reference 
value for separate electricity production. 

The use of this method is motivated by the 
fact that “τrganic Rankine Cycle” is listed in 
the Annex I of the Directive 2004/8/EC. As 
indicated in the Annex III of the Directive 
2004/8/EC, such technology could be also 
classified as high-efficiency cogeneration.  
As considered in a precedent paper (Voronca 
et al., 2011), the purposes of using the 
previously mentioned method consist in 
promptly delivering valid data referring to an 
existing situation analyzing the efficiency of 
the separate production of heat and electricity, 
while collecting accurate information 
regarding the efficiency of the Organic 
Rankine cycle based cogeneration technology.  
For energy savings calculation reasons, it was 
assumed that the electricity market is still 
dominated by fossil fuel-based electricity 
producers. Consequently, the efficiency 
reference value for separate electricity 
production in thermal power plants in 
Romania of 31.85% (Voronca et al., 2011) is 
to be associated to the variable REF Eさ from 
the formula (1).  
The value associated to the variable REF Hさ 
from the formula (1) is 92%, by assuming that 
the heat is produced within a modern thermal 
plant (a disadvantageous assumption for the 
intended comparison).  

The Annex II of the Directive 2004/8/EC 
mentions that the overall efficiency for micro-
cogeneration units should be calculated based 
on certified values. The overall efficiency of 
the biomass based ORC cogeneration unit 
was considered 85% (Wood and Rowley, 
2011, Vescovo, 2009).   
The electrical efficiency of the ORC process 
lies between 6% and 17% (Rentizelas et al., 
2009, Vescovo, 2009), being linked with the 
maximum heat recovery and the thermal 
efficiency of the boiler. The thermal 
efficiency of the ORC cogeneration plant lies 
between 70% and 75% (Duvia et al, 2009, 
Rentizelas et al., 2009). For the variable CHP 
Eさ from the formula (1) an average value was 
assigned, 12%, and the associate value for the 
thermal efficiency of the ORC cogeneration 
unit, CHP Hさ, is 72%. 
By introducing the values mentioned above in 
formula (1), the estimated primary energy 
savings are 13.76% and this value qualifies 
the ORC cogeneration plant as high-efficient 
cogeneration unit. 
According to the previously mentioned 
Romanian legislation, the producer will be 
granted three green certificates for each MWh 
generated and delivered: two certificates for 
the electricity obtained from biomass and one 
certificate for electricity produced in high 
efficiency cogeneration plant.  
 
4. ADEQUATE FINANCIAL PROSPECTS 
For the biomass based ORC cogeneration 
unit, the power extraction from waste heat 
(wood waste) is financially adequate 
exclusively due to avoided costs related to 
fuel and power purchasing expenditures. 
Access to “no cost” or “low cost” wood waste 
as well as important amounts of heat for 
drying purposes and power needed in 
technological processes are opportunities 
creating a favourable investment 
environment. The price for biomass is higher 
the better the quality (lower contamination) is. 
An average price of   €10/ton was considered.      
The total investment size for the biomass 
based cogeneration unit is expected to come 
to €η,227,273 (Peretti, 2008) - see Table 2. 
Costs in Table 2 do not include custom duties 
(as the manufacturer is an Italian company), 
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storage taxes and VAT, but include 
transportation fees and authorization taxes. 
In the period 2008-2025 the trading value of 
the green certificates ranges between a 

minimum trading value of €27/certificate, and 
a maximum trading value of € 55/certificate. 
The minimum price was considered in 
analysis.   

Table 2 Investment costs for ORC cogeneration plant 

Biomass Cogeneration Project        € 
Biomass based ORC cogeneration unit  4,772,727 
Other equipments  189,394 
Design, Engineering, Erection Works, Commissioning  265,152 
TOTAL 5,227,273 

 
The ORC plant will annually generate 43,281 
MW thh of heat and 6,450 MWelh of 
electricity. The remainder 5,550 MWelh of 
electricity must be purchased from a local 
distribution company. The average retail price 
of electricity is θ8 €/MWeh, VAT excluded. 
 
5. RESULTS AND DISCUSSIONS 
The economic viability of the project was 
assessed using a discounted cash flow 
analysis. This relates the values of costs and 
revenues that occur over the economic life of 
the project in terms of present value. Some 
standardized financial tools, net present value, 
internal rate of return, gross payback time and 
discounted payback time were used to 
evaluate the investment. 
To determine the investment performance 
indicators, the following notations were 
adopted (Voronca et al., 2008): a - the 
discount rate, h - the year of expenditure or 
earning, d -duration of erection works, D - the 
lifetime of investment Vh - the annual revenue 
in year h, Ch - the annual expenditure in year 
h, and Ih - the annual investment in year h 
Net present value (NPV) refers to the 
difference between the present value of cash 

inflows and the present value of cash 
outflows.  

Based on the discounted cash flow CFh, 
determined with the relation (2): 

dD1,h,
a)(1

1
)]C(I[VCF

hhhhh    (2) 

the net present value NPV is determined as 
follows (3): 
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          (3) 

The internal rate of return IRR is the interest 
rate that makes the net present value of all 
cash flow equal to zero. 
For the biomass based ORC cogeneration 
unit, the values associated to the investment 
performance indicators were obtained with a 
discount rate of a = 12%, for a duration of 
erection works d = 1 year, a lifetime of 
investment D = 20 years, with annual net 
revenues Vh = 902,479€ - see Table 3, and 
annual expenditures Ch = 0, for an investment 
in the year d of Ih = 5,227,273€ (for any other 
year h from the interval d, D + d, Ih being 
null). 

Table 3 Annual revenues 

  Current situation Cogeneration Revenues 

 
Unit of 
measure 

Quantity €/year Quantity €/year €/year 

Biomass tonnes/year 19,615 196,150 21,704 217,040 -20,890 
Thermal energy MW thh/year 42,737 0 43,281 0 0 
Electricity MWelh/year 12,000 816,000 5,550 377,400 438,600 
Maintenance  - - 33,168 - 70,849 -37,681 
Personnel - - 156,030 - 156,030 0 
Green certificates Pieces/year - 0 19350 -522,450 522,450 
TOTAL   1,201,348  298,869 902,479 

http://www.investorwords.com/4037/rate_of_return.html
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For the gross payback time GPT and the 
discounted payback time DPT relations (4) 
and (5) are used:  

0
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The values determined under this presumption 
are presented in Table 4.  

Table 4 Investment Performance Indicators 
a 12 % Ch 0 € 

Vh 902.479 € Ih 5,227,273 € 
GPT 5.8 years NPV 1,513,473 € 
DPT 10.5 years IRR 16.44 % 

 
5. 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. The recent incentives 
stipulated in enactments guarantee that for 
each MWh generated in biomass high 
efficiency cogeneration plant and delivered, 
the producer will receive three green 
certificates, at a minimum tradable value of 
28 €. These ensure a positive net present 
value and an internal rate of return greater 
than the discount rate or, otherwise said, the 
financial viability of the application.  
The implementation of such applications 
encourage investors to consider that 
cogeneration in Romania by using ORC based 
technologies represents the new investment 
trend in changing energy end user behaviour, 
with favourable cost cutting, improvements in 
security power supply and increasing 
competitiveness through clean energy. 
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