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PEM Electrolyzers Face a Dynamic Environment
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* Several renewable energy DN 4<
sources (e.g., wind and O Jl o |
solar) are intermittent
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2.

Why the Intermittent Nature Matters
- 2

* The Hydrogen-to-Oxygen
ratio (HTO) is closely
related to the power
input

* At low power, we have
lower current density

* At low current densities,

we have high HTO
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Why the Intermittent Nature Matters -
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* Major safety risk: o7

@ Hydrogen-to-oxygen ratio
—-=—-= Safty limit
— — — Lower explosion limit

* H,/O, mixtures are

flammable
e Safety limit:
2 vol%
* Lower explosion limit:

4 vol%
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Control Structures for PEM Systems

K Commonly used simple PID and on/off-controller structures \

* Some works with MPC and Al
e But rarely explicitly considers HTO constraints

Model predictive control (MPC)
» Solves an optimization problem at each time step to determine the optimal control actions

e Advantages:

e Handles multiple inputs and outputs
Control objecti .
(MIMO) Systems (SZ?pI(:_)?n?S,lyelgl.cll‘,’z:C) ........... { Control Algonthm }4 .......................
* Naturally incorporates constraints
al] H Inputs Measurements
¢ Can antICIpate fUture dISturbanceS (Typically, valve openings) (Temperatures, pressures, etc.)
using predictions :
¥ :
° leltatlonSZ Disturbances p /S
(Parameters) ................ rocess ystem .......................................... »
e Computationally intensive

K * Requires an accurate model and tuning /
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Suggested MPC

Control Structure
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7.

MPC Objective and Case Study
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* Objective:

~

* Keep the following states
at their setpoints:
* Temperature (333.15 K)
e Cathode pressure (31 bar)
e Anode pressure (1.2 bar)
e Minimize how much the
valves are changed

e Avoid breaking the HTO
safety constraint

%

Norwegian Centre ]
for Environmentfriendly H YD R 0 G E N l
Energy Research

o

@ Case Study:

» Stack power supply drops from 56 kW to

30 kW after 5 minutes

e The MPC sees 15 minutes into the future

and updates every minute
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What the MPC Plans to Do - 15t Iteration
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Closed-Loop Simulation - Temperature
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Closed-Loop Simulation - HTO
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Closed-Loop Simulation - HTO (Retuned PI)
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Closed-Loop Simulation - HTO (Retuned PI, Larger
Power Drop to 20 kW)
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Conclusion and Future Work e

~

In this work, we have

e Developed an MPC for a simplified PEM
water electrolysis system

e The MPC doesn't need to be retuned for
different power drops—the Pl controller
must be more conservative

e The MPC performs generally better than
the Pl controllers, preemptively adjusting
for the power drop

e The MPC can coordinate multiple inputs in

a way that the Pl controllers can’t
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Next steps

* Reduce MPC and plant model mismatch

* Improve MPC robustness and reduce

solver time
N Y,
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