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A Study on PID Temperature Control method and Hydrogen Production
with 2-step Thermochemical Cycle
Using Dish Type Solar Thermal System
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Abstract : Solar thermal reactor was studied for hydrogen production with a two step thermochemical cycle
including T-R(Thermal Reduction) step and W-D(Water Decomposition) step. NiFe204 and Fe304 supported by
monoclinic ZrO2 were used as a catalyst device and Ni powder was used for decreasing the T-R step reaction
temperature. Maintaining a temperature level of about 1100°C and 14007, for 2-step thermochemical reaction, is
important for obtaining maximum performance of hydrogen production. The controller was designed for adjusting
high temperature solar thermal energy heating the foam-device coated with nickel - ferrite powder. A PID
temperature control system was designed based on 2-step thermochemical reaction experiment data(measured
concentrated solar radiation and the temperature of foam device during experiment).

The cycle repeated 5 times, ferrite conversion rate are 4.49~29.97% and hydrogen production rate is 0.19~
1.54mmol/g—ferrite. A temperature controller was designed for increasing the number of reaction cycles related
with the amount of produced hydrogen.
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Fig. 1 Using a solar thermal hydrogen production of the
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Fig. 2 Schematic diagram of experimental system

Table 1. Measurement part of the experimental
apparatus and measurement sSensors

Measuring point Measuring sensor
Inlet
Reactor Inlet K-type
Reactor Outlet Thermocouple
Temp. -
Chiller Inlet
Device Center R-type
Device Side Thermocouple
tity of ..
quai)ll;r] 0 The position of the Pyrheliometer
. sun at an altitude
radiation
Voltage Heating cable Voltage Sensor
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Target
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Controller
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(Shadow Screen)

Thermochemical
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Measured
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(Temperature)

Output
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Shadow Screen
Position)

Fig. 3 Temperature control system configuration
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Fig. 4 Controller that contains the main parts of the nonlinear PID controller

PV Setpoint Output
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PID gains

proportional gain (Kc) |20.000 %
integral time (Ti, min) | 0.008 o

derivative time (Td, min) |0.001 =

307
process

static 2.50 deadband 2.0

lag (min) 0.30 noise level % 0.25

A Ar A

dead cycles |1.00 initial PV | 0.00

load % 40.00
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Table 3. Duration time of each cycle

EERES

T-R step

W-D step

1st Cycle

11:27711:57(30min)

12:04712:43(39min)

2nd Cycle

12:46713:06(20min)

13:08714:02(54min)

3rd Cycle

14:03714:23(20min)

14:29715:11(42min)

4th Cycle

15:18715:38(20min)

15:41716:26(45min)

5th Cycle

16:39717:00(21min)

17:00717:21(21min)
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