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Abstract: Introduction:

Methodology:

Developing hybrid fuel clelll-battervb(HFBf) storagelfor ele%tcric povner grid Microgrid is a small-scale grid powered consists of renewable energy sources (RES) such as solar and wind, Minimized the Annual Microgrid Expansion Cost Function
applications brings multifaceted benefits. Firstly, it offers enhanced t : : : :

., dispatchabl nerating units (D nd energy storage systems (ESS). The hybrid fuel cell-batter : _
flexibility and reliability to the grid by combining the strengths of both ctc., d >patc able ge. cfa _ 5 U .S ( ,GS)’ a d_e crey B¢ 5Y ( ) y y MinTC = MGoc + BtFOpC + Btlnv C T FCmv.c
technologies. Fuel cells (FC) provide consistent, long-duration power energy storage for microgrid application combines the advantages of both technologies as: Microerid Operation Cost:
generation, and batteries excel at short-duration energy needs. The Fuel Cell (FC) Battery (Lithium-lon) & P
synergy between FC and batteries presents a promising pathway » Low Power Density » High Power Density MG, = (Z?=12§'=1 F; PJ. UCis + SU; Supse + SD; Sdng; ) +
towards a more efficient, resilient, and eco-friendly grid infrastructure. % High Enerev Densit 5 E D it ; cur Bat FC
This research proposes a novel model for optimal sizing and energy 5 _gy_ Y -OW pergy ensity j=1 Mpz ‘Pst ‘ + Bthoc‘ St ‘ + FcCy ‘Pt ‘ + Cqy Clst
management of HFB systems for microgrid applications. Furthermore, » Greater Lifetime > Less Lifetime | C B Fuel Cell and P Bal E tion:
the proposed approach considers the investment and operating costs of » Less Maintenance Required » Maintenance Required hvestment Cost ot Battery, Fuel Cell an Ower balance tquation.

the hybrid system, the state-of-health (SoH) and dynamic efficiency of Minimum Sizing and management Btinv c = Cp B Pgated +C, g Erated FCipyo = D FC PI?C + C, pc EI?C
FC, as well as battery degradation costs. Simulation results have Short and long storage HSS
demonstrated the effectiveness of the proposed approach. Investment Cost optimization problem Z Bat + ng PCur let Vi € G, Vit
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2t : Table 1. Obtained optimal results

thhlum [0 8.40 (MWh)  2.231 (MW) 52,334,907

~{& | 4.2875(MWh) 1.0936 (MW) $2,334,907
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Fig 3. The change of battery degradation cost with respect to change in adopted maX|mum DoD (a) S/cycle (b) annual degradatlon cost : : .
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Fig 4. The change of the FC efficiency with respect to the change of its SOH Fig 5. Evolution of Fuel Cell SoH over the project lifetime. Fig 1. Netload profile Fig 2. Hourly FC and battery power for representative 4 typical days.

Discussion: o N B Conclusion:

DG PV-based DG Ty Dispatchable \n':---/ . : . —
» The optimal size of the hybrid system is found to be (2.231 MW, 8.40 MWh) for BSS and (1.0936 MW, > In this work we pro.posed d noyelo MILP model for optlma! S1ZINg and ~energy
4.2875 MWh) for FC. The total annual microgrid expansion cost is $2,334,907. management of hybrid Fuel cell-lithium battery system for microgrid applications

| th ctive to minim - . . .
> It was found that the model has successfully tracked the SOH of FC and it did not fall beyond the with an objective to minimize annual microgrid expansion cos

threshold value .The optimal management of FC has maintained a high energy efficiency over entire
project lifetime, where the efficiency has dropped only 3% from 65% to 62% at the end of project

» The simulation results have shown that the proposed model has effectively
addressed both short and long-term storage requirements by combining the high

lifetime. . energy density feature of FC and high-power density of battery technology.

» The battery has performed 365 cycles/year which is within the maximum limit of 385 cycles/year at - e > It was ob§erved thfit the innovative ide? Pf dispatching_FC fc?r small IOO_Wer periods
30% maximum DoD. Furthermore, the model calculated the battery degradation cost per performed - has sustained an.d improved fue! cell efflcjlency over p.rOJect lifetime. Th|s advoca’?es
cycle using (32), which is found to be 655.044 S/cycle. Thus, the total annual degradation cost of the Fig 6. Microgrid Configuration that .u.nders.tandmg the mech.anlsms beh.ln.d degra.datlon _and developmg .strategles
battery is found to be $3291090 Source: https://building-microgrid.lbl.gov/about-microgrids to mltlgate its effects are crucial for sustalnmg and IMpProving fuel cell eff|C|ency.
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