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Jeff Wirt has over 35 years of 
engineering experience and 24 
years dedicated to the emissions 
control market. Jeff’s field of 
expertise includes Selective 
Catalytic Reductions Systems, 
Oxidation Catalyst Systems, Duct 
Burner Systems, Economizers and 
Oil & Gas Production Equipment. 
Jeff’s extensive experience 
includes the design of, and field 
assistance for, SCR/CO systems, 
including ammonia vaporization 
and flow control systems. 
He has conducted product 
development work for the design, 
fabrication, and successful 
commissioning of numerous aero 
derivative combustion turbine 
exhaust catalyst systems. His 
knowledge and experience in 
project management, design, 
flow modeling, manufacturing, 
and commissioning of these 
systems have positioned Jeff 
as an industry leader with work 
performed throughout the United 
States and around the world.

TURBOMACHINERY: How does 
liquid ammonia direct injection 
differ from traditional methods
of ammonia introduction?

JEFF WIRT: The traditional method of 
introducing aqueous ammonia into a gas 
turbine exhaust stream for NOx removal is 
to convert liquid ammonia into a gaseous 
state outside of the Selective Catalytic 
Reduction (SCR) system proper. A tra-
ditional SCR system includes a separate 
ammonia vaporization skid (AVS) to meter 
and vaporize NH3 using hot air or turbine 
exhaust gas prior to injection into the ex-
haust gas stream via an ammonia injection 
grid (AIG). NH3 is “vaporized” in a reaction 
chamber (also termed an ammonia vapor-
ization chamber) at temperatures between 
700 to 800 ° Fahrenheit. Two heat sources 
are typically used: ambient air heated by 

electric heaters and circulated into the re-
action chamber using blowers, or a por-
tion of the hot exhaust gas is circulated 
by blowers into the reactor chamber. The 
vaporized ammonia along with the heated 
air or exhaust gas is sent by the blowers 
from the reaction chamber to the AIG for 
injection into the exhaust gas stream flow 
(Figure 1).  

At the point of injection, the exhaust gas 
stream is at low velocity (typically between 
20 to 25 ft/s) when the combustion system 
is operating at full load) and at an opti-
mum temperature for reaction within the 
NOx catalyst bed (typically between 800 
to 900 ° F for simple cycle operation). The 
performance of a traditional SCR system 
is largely dependent upon the adequate 
distribution of vaporized NH3 across the 
cross-section of the exhaust gas stream 

at the inlet of the SCR catalyst bed. 
Valves or other flow control devices 
are used to vary the injection rates of 
the heated gas and vaporized NH3 at 
different locations across the injection 
grid to achieve the desired distribu-
tion of the vaporized reducing agent. 
This is commonly referred to as “tun-
ing” the injection grid. 

In EnergyLink International’s new 
direct injection methodology, am-
monia is introduced in liquid form to 
the hot exhaust gas stream in a duct 
at the discharge of the gas turbine. 
Vaporization of the ammonia occurs 
as soon as the aqueous ammonia 
mixes with the hot turbine exhaust. 
Adequate mixing is achieved from 
multiple injection lances utilizing spe-
cialty nozzles located in this “direct 
injection” duct (Figure 2). 

Because the number and position of 
the lances and nozzles are adjustable, 

liquid ammonia can be injected at 
multiple locations and various radial 
distances in the highly turbulent direct 
injection duct to achieve the best am-
monia-to-NOx distribution at the NOx 
catalyst (Figure 3).

The distribution of ammonia across 
the cross-section of the exhaust gas 
stream at the inlet of the NOx catalyst 
bed is measured by a reducing agent-
to-NOx root-mean-square (%RMS) 
analysis. This same measurement and 
calculation apply to both traditional 
and direct injection SCR systems. In 
particular, measurements of ammonia 
and NOx levels are taken at numerous 
evenly positioned points across the 
cross-section area of the catalyst bed. 

In summary, the %RMS is a statistic 
that quantifies the variability of the 
reducing agent-to-NOx distribution 
across the gas stream at the inlet of 
the catalyst bed, with a lower %RMS 
indicating a more uniform distribution 
of the reducing agent. As referenced, 
adjustments can be made to the 
lances and nozzles in a direct injection 
system and to the valves or other flow 
control devices of a traditional system 
to change injection rates at different 
locations to provide a more uniform 
distribution. 

In 2022, in partnership with ProEnergy 
Services, EnergyLink built a full-sized 
direct injection SCR test system behind 
one of ProEnergy’s operating LM6000 
gas turbines. This SCR demo test unit is 
believed to be the first to deploy direct 
injection technology for NOx removal 
from a simple cycle turbine to achieve 
BACT limits. The rig was also among 
the first deployments of the CORME-
TECH “Meteor” multi-pollutant catalyst 
(NOx/CO and VOCs removed simul-
taneously within one catalyst bed) in 
a “hot” SCR, eliminating a need for a 
separate CO catalyst. 

For operational backup, when the 
test system was not available and for 
establishing a baseline case, the SCR 
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FIGURE 1. Traditional SCR System with Separate Ammonia Vaporization Skid

Ammonia Vaporization 
Skid

FIGURE 2. Injection Point Comparison – Direct Injection Vs. Conventional SCR

Direct Injection SCR Ammonia 
Injection Point

Conventional SCR Ammonia 
Injection Point

FIGURE 3. View of the Lances in 
the Direct Injection Duct

Injection Lance
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system was also outfitted with a tra-
ditional ammonia vaporization skid 
and ammonia injection grid. Using 
19% aqueous ammonia as the re-
ducing reagent, this direct injection 
system achieved 90% reduction of 
NOx in the gas turbine exhaust (from 
25 ppmvd to 2.5 ppmvd) while main-
taining ammonia slip well below the 5 
ppmvd regulatory limit. In fact, direct 
injection performed better than the 
traditional SCR system even though 
the targeted limits were the same, 
mainly due to the ability to adjust 
the number and position of injectors 
for optimal ammonia distribution 
(Table 1). 

TURBOMACHINERY: What are 
the specific advantages of direct 
injection in terms of efficiency 
for gas turbine applications?

WIRT: The objective for the develop-
ment of a direct injection SCR by En-
ergyLink International was to deliver 
a more efficient catalyst system that 
would reduce costs (capital, installa-
tion, and operational) and cut plant 
parasitic loads caused by the SCR 
auxiliary systems.   

Direct injection of water plus liquid 
ammonia removes the need for a 
vaporization skid with its dilution air 
blowers, heaters, and the vaporizer 
with ducts. It also relocates the injec-
tion point farther upstream and closer 
to the turbine in a much smaller duct. 
This reduces the size of the catalyst 
system ducting upstream of the SCR 
catalyst and eliminates the injection 
grid and the external grid piping. In 
fact, direct injection removes three 
(3) tons of stainless steel and 650 
lineal feet of piping from an LM6000 
catalyst system. The multi-pollutant 

catalyst also cut costs by eliminating 
the CO catalyst installation. Overall, 
direct injection is lower in cost by 
10% to 20%, depending on the tur-
bine model. Installation costs are re-
duced correspondingly—the result of 
smaller catalyst system dimensions 
and foundations. 

For each direct injection unit that 
operates, whether in baseload or 
peaking service, operators will save 
money, especially considering that 
many data centers and peaking plants 
will deploy multiple units. For a single 
LM6000 unit, assuming a 20 Hp (14.9 
kW) reduction in system power con-
sumption and using conservative per 
kW-hr costs of 10 cents (for baseload 
power @ 100% capacity factor) and 20 
cents (for peaking power @ ~17% CF), 
annual operation savings amount to 
over $13,000 and $4,500 respectively 
per unit. Multiplying this amount by 
a fleet of units, the savings add up 
quickly (Figure 4).

TURBOMACHINERY: What are 
some of the primary challenges 
encountered during the scaling 
process and how were they 
overcome? 

WIRT: EnergyLink continues to im-
prove the performance of its direct 
injection system. Fine-tuning the 
number and position of the injection 
lances and nozzles has helped opti-
mize ammonia flow and mixing, and, 
thereby, improve the required ammo-
nia-to-NOx ratio such that is it equal 
to or lower than a conventional SCR. 
In the test rig, the NOx was reduced 
by 5% compared to the conventional 
system (also installed). Also, the 
ammonia-to-NOx distribution ratio 
(%RMS) improved. 

Percentage (%) Root-Mean-Square 
(RMS) Calculation

RMS Deviation is the standard 
deviation (square root of the 
variance) of a sample of numbers 
from the mean value.  

The mean value of the sample is 
defined as:
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(NOx/CO and VOCs removed simultaneously within one 
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For opera@onal backup, when the test system was not 
available and for establishing a baseline case, the SCR 
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The standard deviation of the 
sample is defined as:
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Where:  N is the sample size
  x is the single value

These full-scale field test results veri-
fied design predictions from extensive 
CFD and physical flow modeling, which 
indicate the technology is applicable 
to a broad range of gas turbine mod-
els. EnergyLink has confirmed that its 
direct injection system can be applied 
to all aeroderivative gas turbine mod-
els. Currently, EnergyLink International 
is fabricating and delivering units for 
multiple models of aeroderivative tur-
bines: Solar Titan350, Solar Titan130, 
GE LM2500, ProEnergy LM6000, and 
Siemens SGT800.

EnergyLink’s engineering team is ac-
tively pursuing a direct injection de-
sign for large heavy frame gas turbine 
models with varying gas turbine ex-
haust velocities using computational 
fluid dynamics, aiming to soon launch 
a full-scale demonstration project.  

Hence, the challenge is not in upscal-
ing direct injection for turbines, but, 
rather, the challenge lies in meeting 
rapid schedules of developers of data 
centers and backup power. Time to 
power is playing an increasingly im-
portant role. Managing the design, 
fabrication, quality control and deliv-
ery of multiple units (up to 16 turbines 
of varying models for a single project) 
is a specialized expertise mastered by 
EnergyLink’s project teams.  

TABLE 1. Test Results of a Traditional versus Direct Injection SCR from EnergyLink’s SCR Test Rig at 
ProEnergy’s Baes Bayou Plant

SCR System Turbine Load
Ammonia 

Distribution RMS%
Stack NOx 

(ppm)
Ammonia Slip 

(ppm)

Baseline AIG 47 MW 5.80% 2.1 1.9

Direct Injection 47 MW 5.30% 2.0 1.9

FIGURE 4. Injection Point Comparison – Direct Injection Vs. Conventional SCR

EnergyLink full-scale SCR demo
plant for direct injection of liquid 
ammonia into the hot exhaust of 
simple cycle gas turbines for 
NOx and CO removal.
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