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Summary: The enormous natural resources and potentials of our country is seen from the point of view of agriculture, which reflects in the large areas of fertile arable land and a relatively favourable climate for the cultivation of vegetables, fruits, and flowers, and as a main subject of this paper about the use of new technologies growing mainly vegetables and flowers in protected areas. In this paper is presented one modern technology solution for sustainable energy supply of a greenhouse by using biomass as a fuel. It is a proposal of small cogeneration (CHP) system for production electrical energy and energy for heating a greenhouse. CHP systems has a almost 95%efficiency which is way better than standard heating solutions. Used biomass is an agricultural waste (straw). Electricity will be produced via Stirling engine which is installed on a straw combustion boiler, 200kW of power. Stirling engine will use a high temperature gases, and will deliver around a 35kWe of electric energy, which is later sent to the electric network an sold. Low temp. gases emitted from engine can be  used for greenhouse heating. In addition to a straw combustion boiler is a one more 80kW boiler for wood combustion which is used to cover peak loads of system. In this paper is also presented economical analyzes of the proposed technical solution. Payback period of the proposed system is around 5 years.
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INTRODUCTION 


[bookmark: __DdeLink__2686_1984250818][bookmark: result_box]Due to a good natural resources and potentials of our country is seen from the point of view of agriculture. Which is mainly reflected in the large areas of fertile arable land and a relatively favorable climate for the cultivation of vegetables, fruits, and flowers, and, all the more topical stories about the use of new technologies for growing mainly vegetables and flowers in protected areas. That causes daily decline of outdoor production. Primarily due to the economic viability and unpredictable weather conditions. Greenhouse production continuously increases, but this kind of production requires heating, ventilation, lighting, which greatly reduces the yield and quality of vegetables produced. Energy consumption has a great influence on the efficiency of the system from an economic point of view. Approximately 60-70% of the annual cost of greenhouse waste fuel costs and 85% of total energy demand accounted for energy for heating greenhouses. Due to that special attention should be paid to the design of energy-efficient and economically acceptable system for the production of heat. The aim of this paper is to present one of possible solutions of this problem. Currently in the world different systems are applied, which contributes to the solution of above mentioned problems.The most common systems are based on the combustion of biomass, the use of solar energy through photovoltaic panels or solar panels and cogeneration systems or different versions of polygeneration systems. 
In this paper it will be presented a cogeneration system consisting from a biomass boiler that produces heat in combination of Stirling engine that is producing electrical energy.
1. CONCEPTUAL SOLUTION OF COGENERATION SYSTEM
[bookmark: result_box2][bookmark: result_box3]Harvesting and processing of agricultural products generates a large amount of agricultural residues (straw and various types of dry grass, reeds and the like.), which is a rather high energy value and can be used to produce different forms of energy. This paper proposes a concept of a small cogeneration plant with high energy and economic efficiency, and application of biomass (agricultural residues) as a renewable energy source. Seen from the point of view of sustainable energy production and consumption, use of such kind of fuel reduces the adverse impact on the environment and climate change. ,Cost-benefit analysis is done to compare the cogeneration plant and a conventional heating system. On the farm area of ​​2000 m2 three greenhouses were placed, two of which are identical, based on the data size 27x7, 5 m and a base dimensions 42x7, 5 m, representing a total of 720 m2 of arable land in protected areas. In greenhouse is grown vegetables. Due to the low ambient temperatures in winter time and transitional periods, the production is quite limited in terms of choice of crops, and greenhouse can produce a maximum of 3 cultures during the year. Therefore installation of the heating systems allows functioning of the system in the winter and the transitional period of the year. This theoretically allows production of any culture at any time of the year. That can significantly increase annual revenue and facilitates the sale of products on the market. The farm used in this analysis is located in Lijevče field which has a very good quality land for growing vegetables. Also in the vicinity of the farm has a lot of households that are engaged in the production of wheat, corn, soybeans, oats, etc… whose straw can be used as a cheap source of fuel, and therefore access to install a biomass boiler that will burn wheat straw. As the ambient temperature in these areas rarely reaches -20˚C (the system is projected to this temperature), it is estimated that the system will not work at full load, which leads to the creation of excess energy, which would be taken into the atmosphere as a major losses. Therefore resorted to the introduction of cogeneration systems, ie., a production of heat and electricity in order to reduce these losses to the smallest extent. This is done by introducing Stirling engine to heat created from electricity, which would still taught in the electrical power network with a fee.
2. CALCULATION OF THE HEAT LOSSES




[bookmark: result_box5]In the greenhouse type of objects, heat losses are divided into transmission and ventilation. Transmission losses are calculated according to the formula , and ventilation according to the formula , heat loss was calculated for outdoor design temperature of  . Heat losses are shown in the Table 1.
Table 1 Greenhouse heat losses 
	
	
 kW
	
 kW
	
  kW

	Greenhouse 1
	85,83
	4,76
	90,59

	Greenhouse 2
	57,55
	3,06
	60,61

	Greenhouse 3
	57,55
	3,06
	60,61

	Summary
	212 


                    
 

It is estimated that for the coverage of heat losses from the greenhouse is necessary to provide 212 kW of heat. In greenhouses, was established system of air heating. Hot water (90/70˚C) produced in the boiler supplies air heaters that are placed inside the greenhouses. Heating system consists of a 6 fan coil heaters, two pieces of installed power of 60 kW and 4 pieces of capacity of 40 kW in the whole complex. 
Figure 1 Boiler house  scheme 
[image: C:\Users\Dovla\Desktop\Capture.PNG]
The boiler house is designed so that it consists of two heat sources. One boiler used as fuel wheat straw on it is placed Stirling engine that generates electricity the boiler was installed capacity of 200 kW which provides about 150 kW of heat and over Stirling engine about 32 kWe of electrical power, the second boiler is used peak cover, ie. only cover the peak load and used as fuel wood shakes. The boiler works on the principle of gasification and he installed power 80 kW.
2. STIRLING ENGINE
The Stirling engine is a type of heat engine that works with cyclic compression and expansion of air or other gas at various temperatures. This causes movement of the piston and piston mechanism, which leads to conversion of heat into mechanical energy, which in our case is used for generation of electrical. energy.
Previous studies have shown that the selected engine works best connected to the boiler to biomass of 200 kW, achieved an average of 33 kWe for electricity and thermal energy 150 kW surrendered to the water by heating it to about 90˚C. Previous experience is used and it is selected the engine to run with the boiler is connected to a 200 which burn straw.
Chosen is  Stirling engine SD4-E manufacturer' Stirling DK "from Denmark, the following technical characteristics:


Table 2 Stirling engine datashet
	No. of cylinders
	4

	Working fluid
	Helijum

	Working fluid capacity
	
9

	Min/max working pressure
	
3,3/5,7 

	Electrycal energy output
	
35

	Heat energy output
	
88,5 

	Electrycal energy input
	
125 

	Water outlet temp.
	88 ˚C


3. ANNUAL ENERGY REQUIRMENTS 

An annual energy requirement for normal functioning of the system is a main element for further calculations. Table 3 shows the total amount of energy that needs to be provided on an annual basis for the smooth functioning of the plant.






Table 3 Annual energy requirements

	
	Energy kW

	
	Electrycal
	Heat

	Straw boiler
	-
	200

	Wood boiler
	-
	80

	Fan coils
	1,2
	-

	Vents
	0,54
	-

	Pumps
	0,354
	-

	Summary
	3,294
	280


4. COST BENEFIT ANALISESS

 (
Table 
5
 Cost benefit 
analyses of conventional heating system 
) (
Table 4
 
Cost 
benefit analyses for cogeneration plant
 
)Cost-benefit analysis is carried out so that the comparison was done time period classic heating systems for greenhouses and plant with a Stirling engine. Consideration was taken to the electricity produced in the Stirling engine sales transfers completely to  the network and is being sold with the feed-in tariff of 0.1999 KM.


	Operational costs
	KM

	Fuel costs
	6 530

	Electricity costs
	1 620

	Administrative costs
	5 000

	Summary
	13 150

	Yearly income
	

	Vegetables
	36 936

	Stirling engine
	30 814

	Summary
	67 750

	Summary income
	

	Summary
	54 600

	Investment
	272 281

	Payback period (years)
	5


	OPERATIONAL COSTS
	KM

	Fuel costs
	6 530

	Electricity costs
	1 620

	Administrative costs 
	5 000

	Summary
	13 15

	Yearly income 
	

	Vegetables
	36 936

	Summary
	36 936

	SUMMARY INCOME
	

	Summary
	23 780

	Investment
	132 789

	Payback period (years)
	5.6






Summary of operating costs, annual income and the investment value of the system with no installed Stirling engine. It is shown that the payback period is 5.6 years, which is certainly longer than to the Stirling engine, which it the required validity period of about 5 years. , and annual income after payback are much higher with the engine, thereby justifying its introduction from the economic point of view.
5. CONCLUSION
The system analysis is designed for the group of 3 greenhouses (area 720m2) and compares all the considered solutions, and comes to the conclusion that the cogeneration plant which allows simultaneous production of electricity and heat from the energy point of view far more effective than plants that are used only for the heat production. The analysis of operational and capital costs, as well as comparison of the amount of revenue generated, shows that the cogeneration plant is also economically efficient, and to have a payback period of approximately 5 years. Due to the high investment costs of the cogeneration plants and complicated legal framework for obtaining all permits required for the realization of such a project, given the current economic conditions in the country and the region, the question of the willingness of farmers to enter into such a high investment. It is believed that with improvement of the subsidies and favorable loans to banks, these systems have a bright future 
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