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Optimal design problems of low-carbon energy networks, in which the electric

power and heat are mainly generated from renewable energy resources and shared among multiple
demands, result in mixed-integer linear programming problems. As the problem scale, represented by
the number of equipment candidates and sampling times in the planning horizon, increases, it becomes

difficult to find a rational feasible solution in a practical computation time and memory usage.
The present study developed a near-optimal solution method for optimal design problems of low-carbon

energy networks using multi-stage decomposition based on decision variables and constraints. The
developed method was applied to an optimal design of a low-carbon energy network, and a design
strategy from the perspective of economic benefits and energy supply autonomy.
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Annual total cost yen/y 1,076,862 2,364,894 4,975,024
Energy supply autonomy yen/y 334,367 100,705 32,530
Weight coefficient W 0.9 0.5 0.3
Units capacity
Photovoltaic panel area m? 120 240 320
Battery unit capacity kWh 30 120 300
Water electrolyzer output Nm’/h 0 3 3
Metal hydride tank capacity Nm? 0 50 200
Pure hydrogen fuel cell output kW 0 0.7 1.4
Heat pump water-heating unit output kW 18 18 18
Storage tank capacity m’ 1,600 1,600 1,600
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