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1. Introduction
The increased concentration of greenhouse gases observed in the atmosphere is changing the Earth’s climate.
Forests and agriculture play an important role in the global carbon cycle and have been given considerable attention as a way to reduce the accumulation of CO2 in the atmosphere. The paper addresses to three main objectives. The first is to quantify the amount of greenhouse gases during the combustion of corn and barley, as compared to the emissions value in a fossil combustion (natural gas, LPG and diesel). The second objective is to check economic convenience in a family run boiler using a corn to heat a house. The third is to estimated the net energy value of corn-combustion considering all the non-renewable energy required to grow corn.

2. Materials and methods 
2.1. Greenhouse emissions
It was aimed to determine the air pollution (CO, NO, NO2, NOx, SO2 and CO2) from a corn-combustion in a family boiler for a heating. The flue gas emission was measured with “MRU vario plus”, which is a professional semi-continuous multi-gas analyzer device. The emissions of pollution gases were measured at a specific points on the stack, distant at least three time the diameter from curves and shrinkage. After that the boiler has been started, the emissions were recorded one each second, for a period of thirty minutes.
2.2. Economic estimation
The possibility of burning corn as fuel by using it in residential burners has been proposed to replace the traditional oil or gas fuel ones. Moreover, the possibility of burning corn allows to diversify the agricultural production towards the energetic compartment.

In order to verify the economic feasibility of a such possibility a comparison between traditional and corn burns has been made. In the first phase an economic model has been used for determining the utilization cost of corn boiler and its convenience in comparison to traditional boiler with using a diesel, LPG, wood and pellet fuels. Using an EXCEL sheet it was determined the thresholds of convenience of four system in a new installations and a change of already existing system. The economic analysis was carried out following a classic model “profit-cost”, for a boiler with 30 kW of power. In the second phase an economic model was used for determining the net present value (NPV) over ten years using as variable the price of corn and detecting the thresholds of economic convenience in a corn boiler with a 30 kW of power.

2.3. Energy assessment
Estimating the energy input for determining the net energy value of corn-combustion involves adding up all the non-renewable energy required to grow corn. In assessing inputs, the researchers considered such factors as the energy used in producing the crop (including production of pesticides and fertilizer, liquid fuels, natural gas, electricity, running farm machinery, irrigation, grinding and transporting the crop). It is crucial that the most current data available can be used to estimate the NEV of corn-combustion because the efficiency of growing corn and converting it to heat has improved significantly over the past 20 years. 
3. Results
3.1. Greenhouse emissions
The results regard the emissions of corn, barley, wood, natural gas, LPG and diesel for a analysis mean of thirty minutes. Tree different models of corn-boiler have been use for an experiment and are indicated with A, B and C. The mean value of total pollutant concentration were converted in mg/m3 in a reference conditions of 11% to the residual oxygen, also for fossil fuel for being able to compare the values (tab. 1).
Table 1 - Total emissions of fuels.
	Boiler
	Fuel
	Oxygen
	(CO)
	(NO)
	(NO2)
	(NOx)
	(SO2)

	
	
	(%)
	(mg/m3)
	(mg/m3)
	(ppm)
	(mg/m3)
	(mg/m3)

	Corn boiler A
	Corn
	17
	1,459
	225
	19
	443
	144

	Corn boiler A
	Corn
	19
	2,372
	389
	12
	694
	84

	Corn boiler A
	Corn
	13
	995
	N.D.
	N.D.
	393
	175

	Corn boiler B
	Corn
	16
	216
	433
	8
	701
	95

	Corn boiler C
	Corn
	8
	46
	481
	6
	748
	75

	Corn boiler A
	Barley
	19
	847
	374
	8
	666
	167

	Traditional stove
	wood
	17
	4,533
	0
	14
	80
	99

	Diesel boiler A
	Diesel
	11
	6
	65
	1
	103
	82

	Diesel boiler B
	Diesel
	4
	6
	82
	2
	128
	93

	LPG boiler A
	LPG
	8
	8
	82
	11
	144
	0

	LPG boiler B
	LPG
	12
	39
	72
	10
	118
	0

	Methane boiler A
	Methane
	13
	27
	66
	6
	118
	0

	Methane boiler B
	Methane
	6
	19
	8
	4
	19
	0


3.2. Economic estimation

In table 2 the profitable economic result are indicated with a green colour while the not convenient solution are indicated with a red colour. The blue colour points out the indifference economic solution (from -2,500 until +2,500). The result in the table show that in case of new installation of thermal system, burning corn is more convenient that diesel and LGP fuels. In case of replacing an already existing system with a corn boiler, convenience is limited to diesel and LPG fuels. Change wood and pellet boilers don’t result advantageous. In the second phase the NPV value over ten years shows that the not economic convenience in a corn boiler with a 30 kW of power if the price go over 0.27 euro for a low consumption, 0.39 euro for a medium consumption and 0.42 euro for a high consumption.

Table 2 – Comparison between corn system and traditional thermal system.
	Thermal system comparison with corn boiler 
	Consumption indices
	New installation of thermal system 
	Change of already existing system with a corn boiler 

	Diesel
	Low
	3,744
	1,839

	
	Medium
	11,773
	9,868

	
	High
	19,802
	17,897

	LPG
	Low
	9,787
	7,883

	
	Medium
	23,861
	21,956

	
	High
	37,934
	36,029

	Pellet
	Low
	2,839
	-3,352

	
	Medium
	5,677
	-513

	
	High
	8,516
	2,325

	Log wood
	Low
	6,618
	-8,144

	
	Medium
	4,664
	-10,098

	
	High
	2,711
	-12,051


3.3. Energy assessment
According to the energy coefficient by Pimentel, to produce average corn yield of 9.6 t/ha of corn using average production technology, requires the energy expense of about 9.7 million kcal for the large number of inputs. The total energy input to produce a kilogramme of maize is 1,008 kcal/kg, and the energy value of burning corn is 3,600 kcal/kg. Thus, in terms of energy output compared with the energy input for corn production, the study found that combustion of corn give a net energy profit of 2,592 kcal/kg (the energy ratio is 3.57). Not included in this analysis is the energy to transport the corn in the boiler for the combustion.

