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About VBR Turbine Partners

An independent competence centre for:
LM2500 (+,DLE)
LM6000 (PA - PH)
TM2500 (+)

One-stop full-service on-site maintenance experts for
LM gas turbines, control systems, auxiliary systems and
enclosures.

Key company characteristics:
> Customer focused

Responsive
Flexible
- N . . s
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AutoTune DLE: a joint technology development
AutoTune DLE is a joint technology development by VBR Turbine Partners, Thomassen Energy and PSM

VBR i ::: Q TURBINE PARTNERS Thomassen Energy PSM

support beyond expectation a Hanwha company a Hanwha company

AutoTune DLE is based on the patented AutoTune technology developed by PSM in the USA as a
cross-platform solution for optimizing the combustion of many Heavy-Duty types of gas turbines:

6B /E 9E 7F 9F 501F GT26

AutoTune is proven technology: over 100 AutoTune systems in operation worldwide since 2010
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What is AutoTune DLE?

The automated engine efficiency optimizer for LM2500 &
LM6000 DLE in part load operation.

AutoTune DLE is real-time empirical combustion-based engine
efficiency optimization, not model-based (digital twin etc.)
engine efficiency optimization.

It consists of a stand-alone smart solution box that connects
to the control system of a LM gas turbine in order to provide
continuous efficiency optimization during part load
operation.

This is an add-on to your existing LM installation that does not
interfere with control system settings, day-to-day operation or
engine maintenance schedules.

Therefore AutoTune DLE is instantly appliccable on any
LM2500 DLE or LM6000 DLE installation that operates in
part load (for at least part of the time).

LM2500

Mr-AutoTune DLE
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How does AutoTune DLE work?

AutoTune DLE automatically optimizes gas turbine :
. ) : Ambient
combustion during part load operation by "
) : conditions
continuously and carefully balancing:

Fuel gas Combustion

LM2500(+) DLE dynamics

Bleed air or E
LM6000 DLE 6 el

Emissions

Combustion dynamics

Emissions

Control
system

in a closed loop to achieve optimum combustion
efficiency all of the time.

Bleed air
control

¢
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Emissions: the combustion dynamics balance

Increasing temperatures - Decreasing temperatures
will lead to higher NOx " . will lead to higher CO

r ¢
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DLE tuning and operating windows

Combustion and emissions optimizing is only
possible within the allowed operating windows.

Each tuning window is defined by maximum and
minimum bulk flame temperature and compressor
bleeds.

EMISSIONS LEVEL

COMPROMISE ZOME

I
I
EXCESSIVE CO |
1

& INSTABILITY EXCESSIVE NOx

REACTOR TEMP

Min TFlame

Power

"
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How does AutoTune DLE optimize all emissions?

AutoTune DLE automatically tunes to keep emissions within the legal boundaries.

AutoTune DLE will continuously process & communicate the appropriate ring
flame temperature adjustments to the SpeedTronic or Woodward control system.

Over time AutoTune DLE will remember and reuse all previously found optimum
settings for any combination of inlet conditions and engine load.

o
Ns]
Q
c
X

AutoTune DLE applies a machine learning algorithm:

This algorithm learns from the specific LM engine on which it is
implemented. The operation is continuously and automatically
optimized for the individual combustion behavior of each engine.

Flame temperature adjustments are stored across all varying
ambient conditions and all other parameters for immediate

Sweet spots —
w/ margin

en > 9 . . & | knob?
availability when similar conditions are detected in the future.

Sweet spots
w/o margin
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AutoTune DLE - the machine learning process

NOx Worsened

NOx back to

NOX starting point
Reading o ioneooooo._____NOx Tuning Limit
NOx back below limit
AT now knows
correct step direction
AT removes | AT saves Bias
AT previous step
Bas A .
! AT step to B NOx Reading
tune NOx ° M AutoTune Bias

AutoTune DLE learns and steps back until NOx is brought back within the legal boundaries again.

10 AutoTune DLE: optimized engine efficiency for LM2500(+) & LM6000 during part load operation

T
VBR . O . TURBINE PARTNERS
A N

support beyond expectation

g 4



How does AutoTune DLE realize higher efficiency?

Stretches the AB window when staging
up from AB to ABC mode (runs longer
with 0% bleed in AB mode).

In staging down from ABC to AB mode

DLE original mapping vs. AutoTune DLE adapted settings

ABC mode optimized

AB mode extended

AB low bleed ABC push (baseload)

>
. . . . — ABC low bleed
avoids high-bleed operation in ABC. S
é
L AB mid bleed ABC mid bleed
In ABC mode reduces compressor bleed
as much as possible. AB mode
DLE original mapping —C @ ~5C mode
AB mode extended
AutoTune DLE adapted settings —C = AB(?:oZ:);:t?m?ze d
Power
- . . . . s
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Customer example of efficiency improvement on a
LM2500 DLE

Gas Data
Gas Price € 095 Nm3/h
Gas Price € 9500 MWh
Caloric Value 20531 BTU
Specific Gravity 0,601 SG
Megaloule per cubic meter 36,04 MJ/Nm3
MegaWatt per Hour 0,010012 MWh
Gas Price € 9500 MWh
Mapping verified&a- LM2500 DLE in burner mode ABC ;
- Ambient ~ Fuel&Bleed ~ Fuel
Temp DegC MW PPH Bleed % Kg/h Kg/sec BTU/Ib kJ/kg Gj/h Nm3/h %
10,50 18,44 9404,20  33,52%  4265,67 1,18 20533,17 47760,15 203,73 5792,04 | 32,58%
10,50 18,43 922351  23,89%  4183,71 1,16 20529,82 47752,36 199,78 567983 | 33,21%

Efficiency increase LM2500 DLE in burner mode ABC with AutoTune DLE

0,0 0,0 180,69 9,63% 81,96 0,0 3.3 7,7 39 112,21 +0,63%

r ¢
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Customer example of fuel gas savings & CO, avoidance
savings on a LM2500 DLE

2022 monthly savings — AutoTune DLE - 2022 monthly savings 2022 accumulated savings
— AutoTune DLE — 2022 accumulated savings
€45.000,00 €300.000,00
€40.000,00 —_—
/ €250.000,00
€35.000,00 \\v/\ 7 ~
€30.000,00 €200.000,00
€25.000,00
= | €150.000,00
€20.000,00 —
€15.000,00 — \ 7 €100.000,00
€10.000,00 ,/
5 000,00 _~ / €50.000,00
€' \3‘ /) €_
QA Q & Q N & D & & & & &
S ¥ ¥ » > v"qo S ¢ & £
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Summary

AutoTune DLE is real-time empirical combustion-
based engine efficiency optimization, not model-
based engine efficiency optimization.

AutoTune DLE reduces the amount of bleed air in the
ABC combustion mode during part load operation.

Less bleed air results in higher engine efficiency in
the ABC combustion mode during part load
operation.

Higher engine efficiency results in lower fuel
consumption and lower CO, emissions in the
ABC combustion mode during part load operation.

LM2500(+) DLE
or
LM6000 DLE

Ambient
conditions

Combustion
dynamics

Emissions

Bleed air
control

Mpr-AutoTune DLE
Ener

o
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Deliverables of AutoTune DLE

At least 0,5% fuel cost savings at required

x - MprAutoTune DLE
part-load power OUtpUt \\\ Engine optimizer for DLE aeroderivative gas turbines
|
At least 0,5% CO, avoidance savings at ') e
required part-load power output *
. 4 Mr-AutoTune DLE b
Improved operability by active engine : Bhe e
stabilization / high acoustics protection i
NOx and CO emissions in full compliance o coas s v
with legal requirements owa s

EFFICIENCY 397 %

TUNING FOR NOx

Enhanced fuel flexibility (enables mixing in o et
a higher % of renewable fuels) -

Improved availability (eliminates
production loss of seasonal DLE tuning)

* Your expected fuel cost savings and CO, emission savings can be calculated with your own operation data.

¢
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Installation specifications and a requirement for

AutoTune DLE

Specifications
A 19" stand-alone box
(Containing the 279 generation AutoTune platform
including a combustion dynamics measuring system
and digital processing capabilities)
Hardwired connections with the controls cabinet and
the vibration panel
Modbus connection between the controls cabinet
and the AutoTune DLE box
Back-up / fall back in the controls logic programming

Requirement
A continuous emission monitoring system (CEMS)

to provide real-time emission data to the AutoTune
DLE box

D
o]
»
ey

M-AutoTune DLE

Thomassen Energy
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AutoTune DLE demonstration setup and customer

cost savings calculator

AutoTune Simulation Network

MpeAutoTune DLE

P>
AutoTune
Configuration PC

BN ]

e [ A—

Simulation PC Network GT HMI
Switch
Woodward NETSIM Visualisation
LM6000FD Control logic Citect SCADA
LM6000PD Model
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Learn more about AutoTune DLE?

To learn more about the AutoTune DLE automated
efficiency optimizer for LM2500(+) and LM6000 DLE
just ask any of our VBR booth staff members ©
AutoTune DLE contact email address:

competencecentre@vbr-turbinepartners.com
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