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                    Abstract
To find a balance between food and energy security, this research presents the design of an energy self-sufficient farm in electricity, heat and bioethanol, which is produced by energy crops and agricultural residues. The farm proposed is evaluated by two models: Land Optimization and Cost Optimization. Due to the food–fuel debate over land and the detriment of food security, this research proposes utilizing the current abandoned land and increasing the food self-sufficiency ratio (FSSR) of the crops analyzed (rice, wheat and maize). The farm is optimized for several food and fuel demands, with a maximum farm unit size of 100 ha. The result is a myriad of farms of different sizes, each optimized for a certain demand. Subsequently, the amount and variety of such farms are optimized maximizing the food and fuel produced for each city of the case study (Miyagi Prefecture, Japan). The results suggest that the establishment of energy self-sufficient farms in the abandoned land can stimulate the biofuel industry and increase food security simultaneously. The FSSR of maize and wheat can be improved in approximately 10–25 and 7–9 %, respectively. The estimated bioethanol potential is 3.2–3.8 ML. Additionally, a surplus of electricity and heat, approximately 61–65 GWh and 60–165 MJ, respectively, is obtained. As the Land Optimization model proposed is sensitive to crop yields, a simultaneous evaluation is recommended. The results also suggest that the farms must be larger than 8 ha to achieve self-sufficiency; therefore, the policies involved need further evaluation.
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	Abnd
                        c
                      
                              :
	
                      Abandoned land of a city c (ha)

                    
	
                      A
                      ec
                    :
	
                      Land for energy crops (ha)

                    
	
                      A
                      fp
                    :
	
                      Land for food crops (ha)

                    
	
                      A
                      total
                    :
	
                      Total land of the farm (ha)

                    
	Ccap
                        E
                      
                              :
	
                      CHP capital cost (JPY/MW)

                    
	CcapFpj
                                 
                              :
	
                      Fuel production capital cost (JPY/L)

                    
	
                      C
                      cp
                    :
	
                      Cost of crop production (JPY/ha)

                    
	
                      C
                      cul
                    :
	
                      Cultivation costs (JPY)

                    
	
                      C
                      eg
                    :
	
                      Energy generation cost (JPY)

                    
	
                      Cf
                    :
	
                      Capacity factor

                    
	
                      C
                      Fp
                    :
	
                      Fuel production cost (JPY)

                    
	Com
                        E
                      
                              :
	
                      Operation and maintenance cost of CHP (JPY/kWh)

                    
	ComFp
                              :
	
                      Operation and maintenance cost of fuel production (JPY/L)

                    
	CRF:
	
                      Capacity recovery factor

                    
	ecf:
	
                      Conversion factor (L/kg)

                    
	
                      E
                      
                        eec
                        
                      
                    :
	
                      Electricity in agriculture for energy crops (kWh/ha)

                    
	
                      E
                      
                        efd
                        
                      
                    :
	
                      Electricity in agriculture for food production (kWh/ha)

                    
	
                      E
                      
                        eFp
                        
                      
                    :
	
                      Electricity in fuel production (kWh/L)

                    
	
                      E
                      
                        eout
                        
                      
                    :
	
                      Total electricity produced (kWh)

                    
	
                      E
                      
                        hout
                        
                      
                    :
	
                      Total heat produced (kWh)

                    
	fd
                        i
                      
                              :
	
                      Food demand (kg)

                    
	fdpc
                        i
                      
                              :
	
                      Food demand per capita (kg per capita)

                    
	
                      Fl
                    :
	
                      Fuel demand (L)

                    
	Flpc:
	
                      Fuel demand per capita (L per capita)

                    
	Fp:
	
                      Fuel production (L)

                    
	fp
                        i
                      
                              :
	
                      Food production of crop i (kg)

                    
	FSSR:
	
                      Food self-sufficiency ratio

                    
	
                      k
                    :
	
                      Population to supply fuel

                    
	
                      m
                    :
	
                      Population to supply food

                    
	
                      Tf
                      p
                    :
	
                      Maximum food production (kg)

                    
	
                      X
                      
                        c
                      
                    :
	
                      Ideal number of farms of highest food production for a city c
                                 

                    
	
                      x
                      
                        n
                      
                    :
	
                      Number of farms selected after optimization

                    
	
                      Yc
                      
                        i
                      
                    :
	
                      Crop yield (kg/ha)

                    
	
                      z
                      
                        n
                      
                    :
	
                      Types of farms

                    
	
                      α
                    :
	
                      Increment in fuel consumption by the utilization of bioethanol

                    
	
                      β
                    :
	
                      Percentage of ethanol blend (i.e., E5)

                    
	
                      σ
                    :
	
                      Share of residues from energy crops to produce electricity

                    
	
                      η
                      e
                    :
	
                      Electric efficiency of a CHP

                    
	
                      η
                      h
                    :
	
                      Thermal efficiency of a CHP

                    
	
                      c
                    :
	
                      City

                    
	
                      i
                    :
	
                      Type of food crop

                    
	
                      j
                    :
	
                      Type of energy crop
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