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This project was funded by the Department of Energy, National Energy Technology Laboratory an
agency of the United States Government, through an appointment administered by the Oak Ridge
Institute for Science and Education. Neither the United States Government nor any agency thereof,
nor any of its employees, nor the support contractor, nor any of their employees, makes any
warranty, expressor implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency
thereof.
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Rapid load transition is essential for integrated energy systems
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High efficiency - Rapid load transition —
low emission <0.3 tons CO, per MWh (>75% reduced capacity requirement and load cycling of
reduction vs. conventional coal generator) energy storage batterie / electrolyzers
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Co-simulation platform between NETL and INL N |NATIONAL
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Rapid load transition strategies (50% turndown in 10 s)

Atmosphere  Physical components Cyber components
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* Ramp SOFC & GT load concurrently
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Rapid load transition strategies
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* Ramp SOFC & GT load concurrently

* Manipulate SOFC anode fuel valve
(maintain SOFC FU at 65%)
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Rapid load transition strategies
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Rapid load transition strategies N=|NATIONAL
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» NETL’s Hyper facility load followed INL’s grid demand signals

» Total power 373.6 KW — 192.6 kW (48.4% turndown) — 373.6 kW
» SOFC power 323.6 kW — 167.6 kW (48.2% turndown) — 323.6 k
» GT power 50 kW — 25 kW (50% turndown) — 50 kW

in 10 seconds
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Air parameters measured from hardware —— oL

(live inputs to the CPS SOFC models) TL fﬁéﬁfﬁ%ﬁ
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» The air flow rate was manipulated by the Aot air bypass valve (25% opening — 100%)

» Air temperature transient reflected the coupling of SOFC-GT hybrid and the value of
hardware-based simulation
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Cathode inlet air temperature (turndown) N =|NATIONAL
i [TECHNOLOGY
820 ——— 820 - tL LABORATORY
_ i i —— cathode inlet air temp. 810 4 ' —— Cathode inlet air temp.
U 800 - i ' © 800+ | \,\/
27904 | [} g 7997 : ;
§780{ E ;ig i .
) | w b 1
8 770 i i
g 70T 8 750 :
O i | =
£ %1 i & 740 |
5 740 : ! :
730 - : .
720 — . . ; ; . : 16
0 20 40 &0 a0 100 120 140 ne (s)
Time (s) — PreC"FueI mass flow k
m—— H fl r "
> Pre-combustor fuel flow and cathode e e |

airflow varied linearly

> Actual transients from real control S 540 ’ r 300
. . < . 280 v
hardware (i.e., hot air bypass valve) £ 5201 —— 260 7
caused non-linear temperature response 5 9007 5 —— Air pressure —— Air temp. [ 240 =
a2 o 2z 4 6 8 10 12 12 w6

Time (s)

U.S. DEPARTMENT OF

(®) ENERGY




SOFC solid temp. difference & temp. gradient
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SOFC fuel utilization N =|NATIONAL
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» SOFC current load and anode fuel valve opening varied linearly

> Non-linear transients were observed due to fuel mass flow transitions
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SOFC overpotentials (on node #1)
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» Diffusion overpotential was much lower than the activation and ohmic

overpotentials

» Fuel transfer limitation can be negligible during load transitions

SOFC was protected without violating operability constraints
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The need for adaptive controls
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» There could be a paradigm shift for

the intended application of SOFCs:

from large baseload to flexible load

responsive systems to maintain grid
stability

» This study highlighted the non-linear
nature of tightly coupled SOFC-GT
system components, especially the
non-linear response of SOFC cathode
inlet temperature controls

» Adaptive controls are under
development
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