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ABSTRACT: Biomass energy systems have been and will be an important part of the production of electricity or 
heat. We modeled and simulated a biomass energy system, as well, the analysis of implementing issues for a 
biomass energy system. The simulation was performed for two student residences (3 and 4) in the campus of the 
University of Petrosani, located near the Parang Mountains. We wanted to evaluate the feasibility of installing a 
biomass system, combined with the present one of natural gas used for periods when it reaches the peak load. 
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1. INTRODUCTION 
 
Human emissions of carbon dioxide in the 

atmosphere exceed natural fluctuations and these 
activities have altered seriously the global carbon 
cycle.[4] Changes in the amount of atmospheric CO2 
have significantly changes for the weather patterns and 
indirectly influence of the ocean chemistry.[2]  

Biomass systems for energy production may 
increase economic development without contributing to 
the greenhouse effect, because biomass is a net emitter 
of CO2 in the atmosphere when it is produced and used 
sustainably.[9] The use of biomass in larger commercial 
systems based on sustainable resources and waste can 
help the improve of the natural resource management. 

 
2. BIOMASS 
 
Energy from biomass can be a sustainable source, 

environmentally friendly and economical. Biomass 
means any organic material derived from vegetable and 
which is participating in the carbon cycle in the nature 
such as plants, trees and crops which are completed 
their life cycle. Using biomass as a primary source of 
electricity, means to interrupt the normal carbon cycle 
in nature by accelerating its development, extracting in 
a usable form, the energy that would otherwise be 
released into the environment by oxidation. This 
principle tells us that “burning” biomass to produce 
energy does not pollute the atmosphere because the 
carbon dioxide is absorbed by plants. 

Biomass is the most important source to increase 
energy production based on renewable sources. Biomass 
energy is the conversion of biomass into useful forms of 
energy such as heat, electricity and liquid fuels. 
Biomass absorbs solar energy through photosynthesis. 

The main sources of biomass are: dedicated energy 
crops, crop residues generated in the processing of 
foods, industry, consumer waste, demolition debris and 
municipal waste.[6] Through conversion processes, 
biomass is converted into liquid, gaseous or solid 
biofuels.  

Biomass is a renewable energy source, sustainable 
and relatively environmentally friendly, is not 
uncertainty of supply of imported fuels, it reduce 
consumption of fossil fuels and biomass fuels have a 
sulfur content not negligible contribute to sulfur dioxide 
emissions. Burning agricultural and forestry residues 
and municipal solid waste for energy production is an 
efficient use of waste which significantly reduces waste 
disposal problem, especially in municipal areas. 
Biomass provides a clean source of renewable energy 
that could improve the environment, economy and 
energy security. 

 
3. MODELING AND SIMULATION OF A 

BIOMASS SYSTEM 
 

RETScreen ® International[10] is a standardized 
software and integrated for analysis of renewable 
energy projects. It can be used to evaluate the energy 
production, life circuit costs and the reduce emissions of 
greenhouse gases for different renewable energy 
technologies. 

The simulation was performed for two dormitories 
(3 and 4) on the campus of the University of Petrosani. 
Petrosani is situated near Parang Mountain. The climatic 
conditions of chosen location can be seen in Figure 1. 

We wanted to evaluate the feasibility of installing a 
biomass system, combined with the current with natural 
gas used for periods when the load reaches a peak.  
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Fig. 1. Climatic conditions of the location 
 

 
 

Fig. 2. The reference case of heating project 
 

 
 

Fig. 3. Proposed case system load characteristics graph 
 

One aspect of this simulation is the importance of 
improving energy efficiency in buildings and investing 
in sustainable technologies. 

It also represents a starting point in the development 
of other projects with woody biomass heating in the 
area. Funds for the development of these projects can be 
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obtained from the European Commission, the Ministry 
of Education or Ministry of Environment. 

These two dormitories are part of the same building, 
so we split it into two parts. The building has 5 floors 
with a total area of approximately 9000 m2 (Figure 2), 
providing accommodation for about 300 students. The 
maximum load that we took into account is 605 kW 
(Figure 3). 

In the reference system, the heating is done using a 
plant operating on natural gas and in the proposed 
system, the heating will be using a wood biomass power 
plant. 

 

 
 

Fig. 4. The energy model of the proposed heating 
project 

 

The biomass heating system is based on a boiler 
with an output of 300 kW (Figure 5a) to meet the basic 
needs of the heating of the two dormitories. The boiler 
is produced by DanTrim Ltd. and it can be supplied 
with different woody biomass, such as sawdust, pellets, 
wood chips.  

A reserve system based on natural gas of 530 kW 
(Figure 5b) is used to cover periods when load peaks are 
recorded, or in case of failure of the main system. As 
shown in Figure 3, the main system can meet the 
heating load for most of the year, without the secondary. 
For the winter months and coldest days, but mostly to 
have energy security, we need the both systems. 

The biomass that will supply the energy system will 
be stored in a silo built specifically for this task and will 
be supplied as needed. Being a mountain area, logging 
is one of the economic activities in the area. There are 
sawmills and factories dealing with wood and using 
only some parts of the wood collected from the forest. 
Waste wood can be obtained from them and used for 
this biomass heating system, even at a very low price.  

The amount of wood available can be increased if 
takes into account the planting of energy crops with 
short rotation time. If the type of the waste is unknown, 
it is assumed average heating value and moisture 
content of about 40%. 
 

 
 

Fig. 5. a) Biomass heating system  b) Natural gas heating boiler    
 

 
 

Fig. 6. Proposed case system characteristics 
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Fig. 7. Financial analysis 
 

 

 
Fig. 8. Cost Analysis 
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For the financial analysis (Figure 7) and cost 
analysis (Figure 8), we used the typical financial figures 
provided by the database software: an inflation rate of 
2%, debt ratio of 80%, debt rate 8%, discount rate of 9% 
and a debt within 10 years. The heating is presumed to 
last 25 years.  

The cost of energy is expected to grow at the same 
rate as inflation. The price of wood biomass is estimated 
at 100 euros/tonne, but for large quantities and for a 
longer period, it can be negotiated. The cost of natural 
gas is calculated at 0.34 euro/m3.  

Another advantage of such a power system is the use 
of local labor, use of nearby resources, with benefits for 
the entire community. 

Reduction of greenhouse gas emissions (Figure 9), is 
also a strong point of this type of heating systems, with 
positive effects for the whole community. On globally is 

trying to reduce emissions of greenhouse gases, so that 
energy projects should take very much into account the 
emissions analysis. Intensive use of fossil fuels has 
affected the Earth's atmosphere, and the effects are 
beginning to see growing sharper. 

This analysis can be extended and applied to other 
dormitories in the university campus, and buildings 
where teaching activity takes place. Also, the local 
authorities can benefit from this simulation and can 
perform similar simulations for the city education units 
or other public institutions or private. By accessing 
European funds or national funds having as the starting 
point this type of simulation can be performed on 
biomass energy systems or other types of renewable 
energy, thus lead to substantial savings but also at 
durable and sustainable development of these projects, 
the resource management and an increase in revenue. 

 

 
 

Fig. 9. The emission reduction analysis 
 

 
4. CONCLUSIONS 

 
In conventional electricity generation the losses 

associated with the transmission and distribution of 
electricity are due to the distance from the power plant. 
Cogeneration and trigeneration units, reduce these 
losses, because they are located close to the consumers, 
thereby, increasing the distribution efficiency. 
Considering the fact that cogeneration or trigeneration 
unit has a single fuel source and uses waste heat, occurs 
also a fuel efficiency. An important aspect is the 
reduction of greenhouse gas emissions, even when is 
using natural gas instead of coal. 

Both in Romania as well as worldwide, it is 
necessary to develop full waste recovery technologies. 
Also, an effective analysis of land use and technologies 
for energy crops in order to not affect the adjacent 
ecosystems. 

For the environmental impact assessment, studies 
and scenarios are required. Must be used the degraded 
lands where you can grow energy crops. Studies should 
include an assessment of the economic impact and the 
introduction of incentives for producers. 

For efficient use of biomass should be considered 
the availability of the resources, in order to determine 

access and resources seasonality. Geographical factors 
such as weather conditions, indicates the temperature 
and water availability in each area and if this area may 
be covered by biomass. Also, the profitability of 
biomass as an energy source will depend upon the 
market prices at any time. 

Development and exploitation of forest biomass 
generates an environmental impact through a series of 
social and economic effects.[7] The introduction of a 
species in one location can affect the surrounding flora 
and fauna. Also, we should not forget some of the main 
objectives of renewable energy, reduce global warming 
and CO2 emissions to the atmosphere by burning fossil 
fuels. Effect on soil nutrients is an important aspect, 
which may question the sustainability of this type of 
exploitation.[8] 

A well-fitting legal framework to improve forest 
management, promoting bio-energy system and state of 
sustainability criteria and durability. 

Biomass in the form of solid and gaseous fuels 
continue to be the primary source for heat produced 
from renewable sources. In Europe, biomass is being 
used even more in district heating systems. Another 
increasing trend is the use of biomethane, which is 
obtained by purification of biogas, which can be 
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injected directly into the gas grid and used to produce 
electricity, heat and fuel. 

Biomass present challenges are the development of 
biomass conversion technologies and research into the 
effects of these processes and reduce of production costs 
and an increase in efficiency. 
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