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How does the internal generator capacity and power supply reliability affects hybrid energy system sizing? A.T.D.Perera, D.M.I.J.Wickremasinghe, D.V.S.Mahindarathna, R.A.Attalage, K.K.C.K.Perera, E.M.Bartholameuz



Abstract Combining renewable energy sources to Internal Combustion Generator (ICG) systems for standalone applications is becoming popular due to higher depletion rate of fossil fuel resources and global concerns on green house gas emission. Modeling, simulation and optimization of such Hybrid Energy System (HES) was done in this study in order to investigate the impact of ICG and wind turbine capacity to Levelized Energy Cost (LEC) and ICG Energy produced. Further evolutionary ε-multi objective optimization was used to analyze the effect of unmet load allowance to LEC and ICG energy produced in such scenarios. Obtained results were compared with HOMER (existing software based on enumerative method); which shows that the Wasted Renewable Energy (WRE) increases with the reduction of ICG capacity increasing system sizing which could be reduced by a large fraction with slight allowance for unmet load.



1998 at Hambanthota (06°07′ N 81°07′ E) were taken in order to simulate the system.



1. Introduction1 With higher depletion rate of fossil fuel resources and global concerns on pollutant emission, special attention is given to combine renewable energy sources with Internal Combustion Generators (ICGs) for standalone electrification [1]. This becomes challenging due to complexity of modeling and optimization of Hybrid Energy Systems (HES). Currently economic aspect is considered as the prime concern in HES optimization [2]. In most cases component selection was done in order to minimize system total cost neglecting power generated by the ICG, which cause green house gases emission and fossil fuels consumption. In this work, graphical method was combined with heuristic optimization in order to analyze HESs considering both ecological and economical aspects in order to portrait a better picture of HESs.



Figure 1: System Configuration Dispatch strategy introduced by Lopez et al [4] was used in this work, which is a combination of FrugalDischarge strategy and Load Following strategy. Further unmet load and Wasted Renewable Energy (WRE) were calculated as measures of consistency of supplying ELD and measure of utilizing renewable energy sources according to (1) and (2).



2. Modeling system components In this work, mathematical modeling was carried out for a HES consisting of wind turbines, Solar PV (SPV) panels, ICG, battery bank, AC-DC converters, DC-AC converters and a battery charger (Figure 1). Detail description about the mathematical modeling of system components can be found in [3]. LEC was calculated considering total cash flow of twenty years comprised of acquisition cost, installation cost and operation and maintenance cost of the system.



Unmet Load Fraction =



WRE =



Unmet ELD Hourly ELD



Hourly generated renewable energy – Utilized renewable energy – Stored renewable energy



(1)



(2)



4. Optimization 3. Simulation



Optimization of HESs considering system components and operation strategy is a difficult process due to large number of decision space variables and non-linear objective functions. Heuristic methods such as Simulated Annealing, Particle Swarm, and Genetic Algorithm were used by number of researchers [5] to handle this complex mathematical optimization. Among those methods Lopez et al [6] has shown that evolutionary algorithms are having good capability to obtain the optimum system configuration and optimum operation strategy. In this study steady state, ε-Multi objective optimization [7] was used and following optimizations



HES simulation combines hourly varying meteorological data and Electricity Load Demand (ELD) according to the operation strategy decided by the system designer known as dispatch strategy. Hourly average wind speed and solar irradiation data values of 1995, 1997 and 1
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were carried out. Detail description about the optimization algorithm is given in [3].  Constraint minimization of LEC for wind-ICG, SPV-ICG and wind-SPV-ICG for different ICG capacities setting unmet load to be zero.  Constraint multi objective minimization of both LEC and unmet load for selected ICG capacities of wind-ICG and solar SPV-ICG systems.  Constraint multi objective optimization minimizing LEC and maximizing wind turbine capacity for different ICG capacities setting unmet load to be zero In the multi objective optimization, ε value of 0.0001 was taken for both objectives after normalizing the objective functions. Mutation, crossover values were taken as 0.02, 0.92 and 40000 generations were considered. In order to compare the results obtained HES optimization was done using HOMER (HOMER 2.68 beta version) which is a micro power optimization tool based on enumerative method and the obtained configurations were also simulated using the same software.



Figure 3: Variation of ICG energy produced with increasing WTC for different ICG kVA values



References [1] G. Giatrakos, T. Tsoutsos, P. Mouchtaropoulos, G. Naxakis, and G. Stavrakakis, “Sustainable energy planning based on a stand-alone hybrid renewable energy/hydrogen power system: Application in Karpathos island, Greece,” Renewable Energy, 2009, pp. 1-9.



5. Results and Discussion HES system configurations obtained from HOMER closely agrees with the systems obtained using the novel method introduced in the present study. The simulated results show that NPV produced by the novel method is slightly lower than the NPV values produced by HOMER. This took place due to lower fuel consumption in the novel method, which took place due to optimization of operation strategy parameters that cannot be performed in HOMER.



[2] S. Nandi and H. Ghosh, “Techno-economical analysis of off-grid hybrid systems at Kutubdia Island, Bangladesh,” Energy Policy, vol. 38, 2010, pp. 976980. [3] A.T.D. Perera, D.M.I.J. Wickremasinghe, D.V.S. Mahindarathna, R.A. Attalage, K.K.C.K. Perera, and E.M. Bartholameuz, “Determining wind turbine capacity for expansion of off grid Internal Combustion Generators (ICG) system: why it becomes challenging?,” 2nd IEEE International Conference on Sustainable Energy Technologies, Kandy, Sri Lanka: (accepted), 2010.



Further, it was also shown that







At higher ICG capacities, higher ICG energy production can be observed arising environmental concerns, which can be reduced by a larger fraction through slight increase of wind turbine capacity beyond the optimum configuration (Figure 3).



For very low ICG capacities both SPV systems and wind-SPV systems are economical compared to wind systems(Figure 2)



[4] R.D. Lo´pez and J.L.B. Agustı´n, “Design and control strategies of PV-Diesel systems Using genetic algorithms,” Solar Energy, vol. 79, 2005, pp. 33-46. [5] J.L.B. Agustín and R.D. Lo´ pez, “Simulation and optimization of stand-alone hybrid renewable energy systems,” Renewable and Sustainable Energy Reviews, vol. 13, 2009, pp. 2111-2118. [6] J.L.B. Agustín and R.D. López, “Efficient design of hybrid renewable energy systems using evolutionary algorithms,” Energy Conversion and management, vol. 50, Apr. 2010, pp. 479-489..



Figure 2: Variation of LEC with unmet fraction for wind and solar systems for fixed ICG systems 



Increase of ICG capacity in wind-ICG system reduces LEC by a larger fraction compared to other two system configurations.







With slight increase of unmet load; LEC of wind ICG systems reduces by a large fraction, which is comparatively high compared, to SPV ICG system



[7] K. Deb, M. Mohan, and S. Misra, “Evaluating the εdomination based multi objective evolutionary algorithm for a quick computation of pareto-optimal solutions,” Evolutionary Computation, vol. 13, 2005, pp. 501-525.
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