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TES using the HYBRID library in the code Modelica.

Improving the flexibility of nuclear reactors to meet Figure 2 shows the state control decision logic with setpoints and actuators
fluctuating demand on grids with high renewable described in Table 2.
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Figure 2: Power control as affected by the thermal energy storage
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3 primary balance of plant = 83.16MW. Labels correspond to Figure 1. Figure 4: Charge Level of TES Tanks

‘ ' ‘ Controlling Setpoint I
— Turbine Control Steam Inlet Pressure 34 bar

Discharge Turbine Control Power It Quem > Qrom = Quem — Qnom €lse is 0.

Feedwater Heating Feedwater Temperature 148°C

Turbine Bypass Power If Quern™ Qo= Qoom €15€ is Qgep-

Charging Control TES Hot Tank Temperature 240°C

Discharging Feedwater Control Power If Quern™ Qom = Quem— Qoo €lse is 0.

Discharging Control TES Cold Tank Entry Temp. 180°C 1000 4 8 112 116 210 214

Discharging Feedwater Control Steam Inlet Pressure 12 bar Time / hours

Feedwater Control Secondary Mass Flow 67 kg/s Figure 5: Feedwater Temperature during state switching
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Figure 1: HTGR-TES layout with independent TES balance of plant
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_ Significance and Future Work
Results and Conclusions

T Efficiencies for the primary BOP are: 39.49% in full charge and 41.79% at
Motivation nominal power and for the TES BOP are 39.33% at full discharge.

The physics Modelica model aims to answer: Control system meets power demand with 10min ramp rates between
How the system could be controlled over time. setpoints seen in Figure 3 keeping reactor power constant at 203MW * 0.1%.

Control system is sufficient to maintain
desired ramp rates and nominal operation.

Fundamental limit to minimum power
observed due to feedwater overheating.

Future work to examine control of the high
volatility in variables like feedwater

How the efficiency of the system changes when Figure 4 shows the tank charging level is periodic and returns to original
operating the balance of plant (BOP) at off-design. charge state. temperature that results from low valve

If there are fundamental physical limits breached Some controlled parameters exhibit large deviations during transient operating margins and feedback from
during switching states. operation including feedwater temperature shown in Figure 5. returning steam bypassed to the TES .
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