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Methodology of NOX emission reduction, .z

* Traditional methods of NOx reduction in combustion
exists:

* Modification of the firing system to Lean Premixed
Combustion (DLN — Dry Low NOx)

* Injection of water into the firing system (WLN — Wet
Low NOx)

e Post combustion flue gas treatment to remove NOXx
(such as SCR systems — Selective Catalytic Reduction)




___Requirements for stable combustion _xz
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Design Technology — A Four Sided Box




Emission formation in gas turbines
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Emission formation in gas turbines
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NO, and CO emissions (ppm)
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Emission formation in gas turbines .

s s,
nwna nan
Israel Electnc

300 ——
CcO
PpmMy :
- |
= l
a | ]
2 ? | ]
a 200 -1 n
S ’
2 om\:Tlon ﬂam,l f
L | |
O | l ; |
© i
e NO . + '
s ! mix X | | B
o" flame. |
= Operating | | |
range | | ‘ Premixed '
, A | flame with pilot,| |
Flat:no : | rating ra i
R extinction | ’
0 1 2 3 4 5 6

Excess air ratio




-y a2 8 i % i A a " BAal AW W Wil aalw i s wwa “w

%ﬁ
General View * 1N

nwna nan

Israel Electnc

_/"

50 MW P&W FT4 GT

Frame 6 GE GT
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Siemens Vx4.3A Gas Turbine

Combustion Chamber

Compressor

SIEMENS

Burner Mod’s & Up’s Overview
“2 SB” | “reduced swirl” / “PMP”

Lean Premixed Combustion Siemens
| TN
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Burner

2-Stage Burner
(2 SB) <

Reduced Swirl Burner
(RSB)

— -

Premixed Pilot Burner
— (PMP)

Measures

* New burner support
* De-commissioning of

= New diagonal burner
swirler

* New burner support &
red. diagonal swirler

& diffusion gas system | = |&C changes = De-commissioning of
» 1&C changes diffusion gas system
Scope * |&C changes
« Start reliability = Combustion stability * NOx reduction down to
increase increase 15 ppm*
Benefits |« Premix operation = Power & efficiency = Premix operation over

over full load range

increase with FTI

full load range

= Enables FGPH operation

= Start reliability increase

Upgraded firing

Siemens GT and Burner General view

system

Burner Upgrade
Reduced Swirl Burner (RSE)




Lean Premixed Combustion GE* .

* Liguid Fuel with Water

* (Gas in Premix

Primary operation Lean-lean operaton
Fuel - igniion to 20°% load Fued - 20-60% load
{100%) e
0%
Fonl

1100%)

Second stage buming Pre-mixed operation

1 DLNZ2.0+ DLNZ2.6+

OE DLN1 GT General view OF DLN2 GT General view




CO emission, ppmvd@15%02

Gas Turbines Emissions
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Gas Turbines Emissions

NOx emission as function of load
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Gas Turbines Emissions 4
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N Ox emission, ppmvd@15%02

Gas Turbines Emissions

NOx emissions as function of Load
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Gas Turbines Emissions ey
W

nwna nan

Israel Electnc

Relative polytropic efficiency as function of load
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"- Methanol and LFO Firing
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BFG Firing ey
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Gas Turbines Emissions W 4
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Summary of Test Stand Results
Cheng test stand data at 97.5% homogeneity demonstrate consistent reduction
in NOx with increasing steam-to-fuel ratio for all gas turbines tested.
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Proposed combined cycle arrangement .z
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% — Simulation Steps s

e Step 1 — Thermal balance and heat transfer calculations
throughout the length axis of the combustor including
(local values of burnout, 02, Flue Gas temperatures and
main flue gas constituents).

e Step 2 — Chemical Kinetics modeling and initial operation
and validation to fit measured data Firing LFO/NG.

e Step 3 — Optimizing to reach the best Emissions vs.
performance and combustion stability effect.




Combustor for simulation validation —
GE Frame 6B
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Emission Validation Results *’ﬁ
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.. Frame 6 simulations results at base load«
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.. Frame 6 simulations results at part Ioade,;ig:
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Large “F” GT simulations results at base load, xz
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.Large “F” GT simulations results at part load .«
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Heat rate, Keoalficirh
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Large “F” CC simulations results SGR
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Combined cycle heat rate as function of flue gas recirculation
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Large “F” CC simulations results wfﬁ“
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Conclusion MR

Based on the performed simulation it may
be concluded that:
FGR mixing with fuel may be a useful tool
for extended GT load range operation
while keeping minimum emissions.
However, in order to make more accurate
-‘ conclusion about the proposed
technology a laboratory and full scale test
are recommended.
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