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Summary: This paper attempts to give an overview of the positive effects when conventional fuel - light home heating oil or fuel oil is replace with fuel from renewable sources of energy - wood biomass as energy source for heating the premises of public objects. While it’s done consideration of the current situation in a several public buildings, a heat capacity is required in accordance with standard procedure for calculating, there are proposed solutions for the reconstruction and replacement of part of existing heating installation. The main emphasis is given to the analysis of the possibilities of replacing fuel oil with wood pellets and benefits of it.

By analyzing of the current situation and the situation after reconstruction, an overview of the parameters of the economic justification for applying pellets in both cases is given. The suggested mathematical model gets parameters therefore indicators of justification of this activity. This is confirmed by the financial benefits, by which clearly outlines the justification for accession to this reconstruction, but emphasis is also given by non-financial and other benefits, such as environmental impacts on living and working environment.
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1. INTRODUCTION  
The assessment of the justification and expected obstacles limiting factors for effective use of waste biomass as a source of energy is a very important step in the overall activity to intensify the use of biomass.

The justification for the use of biomass for heating of public facilities such as sports halls, schools, etc., is viewed from several aspects. 

This paper provides an overview of the state of public facility - a sports hall, which is needed reconstructions and preparation for replacing the classic heating system with heating with wood biomass.
Arguments "for" are:
· Replacement of classical conventional fuel with a renewable energy source - wood biomass;
· According to the purpose of the object, ie the need for occasional heating of certain rooms and (heating with interruptions), the application of this type of fuel is justified because of the possibility of the system to be put into use immediately before logged ongoing activities or major events, which enables rational use of fuel;
· The location of the hall infrastructure provides access to available transport - road transport, which will deliver the fuel to a specific dynamics depending on the needs;
· The object is near the city green parks, recreation areas, hiking trails, which activity is justified from an environmental perspective.
The main arguments "against" or expected difficulties in exploiting the energy potential of biomass can be stated as follows:

· Relatively higher investment costs compared to other heating systems;

· Undeveloped market of biomass as fuel locally, except in the case of firewood;
· Problems which may arise in collecting certain types of biomass from smaller producers;
· Relatively high cost of collection and transport of certain types of biomass;
· Cost of preparation and storage;
· Inconsistencies in the legislation for encouraging and promoting the use of alternative energy sources, including biomass;
· Lack of awareness among the population about benefits from the utilization of biomass as an energy source;
· Economic factors and the financial situation of the commercial entities and the population.
Based on the above analysis, as a top priority for more efficient use of biomass for energy purposes is a need for establishing an effective chain of biomass, implying efficient collection, preparation for transport, briquetting or more procedures for end-use, storage, combustion etc.

Appropriate contribution in encouraging the use of alternative energy sources should be given the legal framework in the country, especially in the energy field, which should be constantly upgraded and adapted to the current conditions and needs. 

2. A PROPOSAL TO REPLACE THE EXISTING SYSTEM WITH A BIOMASS BOILER
According to the current technical documentation and terms of mechanical, HVAC installations, the facility has the following installations: 

· Preparation of heat (boiler room on fuel oil) and its distribution to consumers,
· Heating radiator,
· Primary processing air heating and ventilation of large gym,
· Primary processing air heating and ventilation of small sports hall,

· Primary processing air heating and ventilation of rooms delegates, judges and wardrobes,

· Primary processing air heating and ventilation of the bowling alley,
· Primary processing air heating and ventilation of the lobby,
· Ventilation of sanitation for public and athletes (not under consideration in this study).

Installations according to observations or performed technical inspection and testing of the entire HVAC installations [1], is considered to be in poor condition, that most of the equipment is out of use in dilapidated condition which plants can not put into operation, with no rehabilitation or reconstruction, fig.1.

However, it should be have in mind that the sports hall was built 35 years ago when there was no regulation on energy efficiency of buildings, it is no thermal protection, ie no other interventions in terms of economical and rational use of energy and resources available, the object.
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Fig.1. Condition of thermo technical installations in the sports hall
2.1 THE REQUIRED QUANTITY OF FUEL FOR ONE HEATING SEASON 
At this point gives an accounting model for determining the necessary amount of fuel for the heating season, the necessary storage capacity of fuel on certain inputs related to the type and quality of available biomass (composition, lower heat output, the bulk density and etc.). Necessary to specify the daily consumption of fuel known heat capacity is also under consideration.

During the exploitation of the boiler, depending on its purpose and mode of use of the building and change of outside temperature must define the dynamics of the dosing fuel, for which the following are equations for calculation, with appropriate mathematical model.

The decision to replace the boiler, or use of biomass instead of oil in this case is justified and evident in comparative mathematical model, which is clear justification for it and in economic terms.
2.2 MATHEMATICAL MODEL OF FUEL CONSUMPTION 
The required thermal power to heat the sports hall at the current situation, is as follows:
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(1)

The required thermal energy for heating buildings in the heating season gets from the diagram for heat demand of Bitola city, obtained by the method degree day.


Outdoor design temperature for the city of Bitola is -18 ° C, and the heating season stops if three consecutive days the temperature is higher than 12 ° C. Heating season is 2960 hours.


Outside temperature during the heating season changes from the design temperature -18 ° C to 12 ° C when they cease heating of the building.


The required thermal energy for the heating season, is obtained by integrating the curve diagram.


With the software package QBIT [2], with numerical integration thermal loads for a given ambient temperature for every hour are performed.

The required thermal energy for heating season for heating the facilities of the sports hall, 18 hours and 6 hours heating break during the day, is:
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(2)

Given that the sports hall is a facility for sports, it is necessary to define the hours of heating during the heating season.


One heating season lasts 6 months or 24 weeks. The sports hall is open 7 days a week with a need for heating during training and competitions. According to the scheduled dates for training and competitions they are from 14 am to 21 pm, which means adopted 7 hours on average per day heating.

The number of hours of operation of the boiler heating is 1176 hours for one heating season. Given that the number of hours per heating season is lower due to non-working days of the hall coefficient load boiler is 0.496.

The required thermal energy for a heating season is:
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(3)

The amount of fuel (pellets) required for the heating season is:
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The coefficient of efficiency of the boiler ηk = 0.9 /, the lower heating power of the pellets is 17000 kJ/kg.

2.2.1 DETERMINING THE REQUIRED STORAGE FUEL CAPACITY 

The required amount of pellets as fuel for one heating season is 339 039 kg. 


On sale are bags of 15 kg. For one heating season requires 22609 bags with pellets.


The density of the pellets is from 600 to 700 kg / m3 or about 1.6 m3 / 1000 kg pellets.


The required minimum space for storage of pellets is about 222 m3.


The amount of storage of pellets is about 2m.


To store the pellets for one heating season requires a room with a width of 5 m, and a length of 52 m.
2.2.2 DETERMINING OF THE DAILY FUEL CONSUMPTION

 
With the software package QBIT, it can be calculate the daily consumption of pellets depending on the outside temperature. In Table 1 is presented a daily consumption of pellets for different outdoor temperatures.
Table 1 Daily consumption of pellets depending on the outside temperature
	Outside temperature, ° C
	Daily consumption of pellets, kg
	Outside temperature, ° C
	Daily consumption of pellets, kg

	-18
	3871
	0
	2034

	-15
	3560
	2
	1832

	-12
	3265
	4
	1629

	-10
	3054
	6
	1427

	-8
	2849
	8
	1224

	-6
	2645
	10
	1021

	-4
	2441
	12
	819

	-2
	2238
	
	


2.3 ECONOMIC JUSTIFCATION FOR THE APPLICATION OF FUEL FROM RENEWABLE ENERGY SURCES


With the software package QBIT, you can calculate fuel consumption for heating season depending on the outside temperature. In Table 2, it is a calculation of economic indicators and the justification for applying of the pellets in terms of light fuel for households.
Table 2 Overview of parameters for economic justification for applying pellets

	Maximum thermal power of the consumer
	2350
	kW

	Requires heat for continuous heating
	2901438
	kWh

	Hours of uninterrupted heating
	2960
	h

	Actual hours of heating during the heating season
	1176
	h

	Load coefficient of the boiler
	0.497
	/

	Lower heating value of the fuel Hd =
	17000
	kJ/kg

	The specific density of the pellets
	650
	kg/m3

	Degree of utilization of boiler
	0.9
	

	Requires heat for one heating season
	1440917
	kWh

	Amount of fuel for heating season
	339039
	kg

	storage space
	521.60
	m3

	Fuel bags of 15 kg
	22603
	bags

	Amount of household oil
	148932
	l

	Price of heating oil
	0,62
	euro/l

	Price per kg pellets
	0,19
	euro/kg

	Denars per heating season with pellets
	65939
	euro

	MKD heating season with household fuel
	110633
	euro


3. CONCLUSION 

The amount of fuel for the heating season or wood pellets with Hd = 17000 kJ/ kg was 339039 kg. If the same heat for heating season use light household oil needed 148932 l. The table taken prices of both fuels were current during the preparation of the study.

For heating with pellets with these characteristics for one heating season it is necessary to allocate 66154 euros. Heating light household oil for one heating season it is necessary to allocate 110993 euros. 

Saving for one heating season is around 44839 euros.

The resulting values ​​for economic savings are evidence of the justification for the replacement of the heating system with conventional fuel – heating oil, with new heating system with wood pellets. These are just some of the indicators and measures to be taken in most public buildings in which are installed such or similar heating systems, [3]. Besides the economic impact, such intervention has positive implications for the environment, which is the subject of another study.
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