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FUEL CELL AND BATTERY FOR GUARANTEED DISPATCH
IN POWER DISTRIBUTION SYSTEMS

1. PROBLEM AND MOTIVATION

Decarbonization of the
energy sector

Growing integration of
renewable energy sources

MNeed for efficient energy
storage systems

Fuel cells present slow
dynamic response to
rapid load variations

Objective: optimize power
sharing between a battery and
a fuel cell to guarantee reliable
and efficient electricity demand

supply.
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4. SYSTEM MODELING

BATTERY

State of Charge (SOC) model
SOC limits: 20% - 80%
Charging efficiency: 95%

= Discharging efficiency: 94%

+

FUEL CELL (FC)

= Maximum power limit

+ Stable operation and protection
against abrupt fluctuations

= Lifetime preservation strategy

QUADRATIC COST FUNCTION (1)
Poac (t)

=g 5 (ZOY o 3 (P2

i fie, mins

+ Wgoe 3 (SOC(t) — SOCes)’

+ Mimimizes source effort
* Maintains battery energy reserve

w: weights that balance system priorities.

7. MAIN RESULTS

Demand supply:

« 97.2% (0.1 p.u.)
= 100% (0.5 p.u.)
= 100% (0.9 p.u.)

15

Larger batteries absorb more

Analysis of the impact of storage capacity on

2. HYBRID SYSTEM ARCHITECTURE

Strategy based on separating average power
(generator) from variable power (hybrid system).

5. ANALYZED SCENARIOS

the operation of the hybrid system.

HYBRID SYSTEM

BATTERY 5

OUTPUT

Electricity
demand
supply
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3. PROPOSED METHODOLOGY

Determine average
load demand

Operate the generator
at constant power

Compute residual
net demand

Optimize power dispatch
between battery
and fuel cell

Use participation factor a

0=«

= 1) as the

decision variable

compensation

Optimization: minimizes operational
cost while preserving equipment
lifetime and meeting demand.

6. SOURCE PARTICIPATION

Battery participation in load variability
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Power profile - Scenario comparison

EVALUATED INDICATORS
Total demanded and supplied energy

Power deficit

Battery and fuel cell participation

Battery State of Charge (SOC)

Standard deviation of fuel cell power

8. CONCLUSIONS

il

The a-based optimization strategy
proved robust and effective.

Higher battery capacities significantly
improve operational flexibility.

Battery participation increases with
storage capacity, making the system
more flexible and efficient.

HYBRID SYSTEM ]

¥y ik = Q Fuel cell power fluctuations are reduced, BATTERY FUEL CELL
load variability. E: tecting its durability. FO) ;
Reduced stress on the fuel cell, E g The optimization prioritizes the battery
increasing its lifespan. ‘E due to its lower cost and faster response.
Elimination of energy deficit , G Full de_mam:! s~u|ppl'gr is achieved in ‘
TR e | scenarios with larger storage capacity.
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