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SCADA Controller Multi-Objective Optimization

Supervisory Control and Data Acquisition

Set points based on
state cost functions

Time Scale: Minutes or Hours

Dynamic Control Time Scale: Jus to ms

Distributed, Centralized, Agent -Based

Turbine Steam

FREEEEY Speed Pressure

o Model Predictive Control
Optimizer Machine Learning
Neural Networks

Biomimetic Algorithms

Mass Flow




- INATIONAL

Dynamic Control (Distributed PID) = e ioLocy

TL LABORATORY

Set Point

. o R
526 1%t Order 56 &
‘?;O\e e@\,\ Gain Higher Order ; R
o . - )
@ Tuning Linear ;
S R,
e 2 | - - L
------------ ®n € *&L’ﬁQ ;‘;@“ﬂ;ﬁ; ;@“Mz:m
s24+2lw,s+w> B U

(Transfer function model)

#=%5 U.S. DEPARTMENT OF




System Identification
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Coupling and Non-Linear Interactions
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Non-Linear System Identification
with Gain Scheduling
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~ Approach for Highly Coupled Systems ¥E ENERGY

Physical Decoupling
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Model-Free Control (Agent-Based)
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 Reconfigurable on different power
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 Multi-agents emulate intelligent
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Airflow and Turbine Speed Control =Ry
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Nominal condition:

* Fuel cell thermal heat drives the gas turbine
* Closed valves position to maximize system efficiency

« Valve opening during transient operation

U.S. DEPARTMENT OF




Cold-air
Bypass X

; “=INATIONAL
Load Following Control =Ry
TECHNOLOGY
Reformate TL LABORATORY
Exhaust
A VOItage -----------------:
Current -----------"E ;
Bleed Air _
@
Hot~air% : <00 -
Bypass S 2980 1
S fi &
- < E g ] Q&'\ E
Power § >:E ézzz < < :

U E §380 1 = :

é E 2:2 1 . ! Node 20 (l)utlet |

U) : 0 50 100 150 200

n Time from Ignition (s)
Air e e e rane
\ 4
= (’S%— o
* > < Aux Fuel

, U.S. DEPARTMENT OF




Load Following Control N=|REe
TL LABORATORY

42000 12 - 420 385
Cathode Airflow, kg/s
<9 380 4 Total System Power, kW 08
41500 F410
11 Zz 375 >
E = z = 2 .
& 41000 2 a0 = 5 a0 o 2 FC-GT Hybrid
© 3 g 8 i Iy A
=% L—:: F330 o g 365 E Agent 1 Agentz
2 S| 28 Y CECEEEEEEEEEE PR e Rttt EEETEY
E Turbine Speed, rpm z o g = . 1 \
5 E = @ 360 - Log @ ;
= 40000 = L3800 5 & ® 1 1 1
= o F 35 2 I | Current i | Corrent
F09 = 355 1 1
Total Sys Power, kW o 1
Total System Efficiency 1 State ! State
39500 L 370 250 . " N
' | 4 Yy v oy 4 v
- 1
39000 : : : 08 L 360 345 : : : ! Bleed-air v Auxiliary
600 650 700 750 800 600 650 700 750 800 . Loy Fuel Valve
Time, sec. Time, sec. : 1 :
1
1 1
q7 66 97 66 ] : .
Bleed.air Valve. % Lga Bleed-air Valve, % F64 : | :
eed-air Valve, . i = . s
< %7 Loz = < ® 62 ° ! —| Turbine Speed | P! —| Turbine Speed
= @ ~ = 1 1
o L6o = o 60 = . r
% 95 g % 95 4 L 55 g ' ! '
> N z N
= | = lsg
5 94+ - o6 ué < 94 =
o Auxiliary Fuel Valve, % 54 ® 3 -84 @
L = =
@ | F52 3 D g3, 52 2
L 50 - Feo0
Auxiliary Fuel Valve, %
92 . : . 48 92 T v . 48
Time, sec. Time, sec.

U.S. DEPARTMENT OF

'ENERGY




Cyber-Physical Systems =|naTiONAL

1 [TEcHNOLOGY
TL LABORATORY
Internal
Actuators
Physical i Numeric External ]
[ Behavior Hardware C PS Models Stimuli

Internal
Sensors

Accuracy of Explo

Cyber Physical Systems are used to replace physical systems that:
1. areirreplaceable, Numeric
2. are expensive, fodelay
3. can’t meet performance targets.
4. don’texist...yet

U.S. DEPARTMENT OF

Hardware
System

Freedom of Exploration /|




Technology Development =]nanonad

TL TECHNOLOGY
LABORATORY

Concept &
Lab Testing

‘4 Cyber-Physical
System
Numerlc :
Pilot Plant

Power Plant




Technology Development =]nanonad

TL TECHNOLOGY
LABORATORY

Dynamic
Techneeccen@mnie
Analysis

Components
Matehials

-
v

opima
i E]

Pilot Plant
ae® e

‘ - ' .
‘Commercial

o S L, S s __‘:: ;&'
System. -
- RN

/:’ v

U.S. DEPARTMENT OF




Example: TES in Hybrids for Load Following
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Sensor Fusion in Agent-Based Stigmergy

Future Steps:

» Multiple sensors in one agent to control unobservable or slow
responding parameters.

» Multiple sensors coordinated by supervisory control.

» Accelerate the response of the MISO turbine speed control by
modifying the probability of action and block size. Currently, we
have achieved 2kW/s (4%/s) in the Hyper facility, but 4kW/s (8%/s)
would be required to eliminate a battery in an islanded microgrid
based on NETL's power usage.
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Advanced Controls will Change the World!!!

Thank You

David Tucker
U.S. Department of Energy
National Energy Technology Laboratory
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