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GENERAL DESCRIPTION
The three year development programme that culminated in the SGT-750 gas turbine started with 
in-depth customer research that identifi ed reliability as the key requirement, closely followed by 
maintainability and maximum uptime.
With a launch rating of 36 MWe, effi ciency of 38.7% (electrical), and start-up time of 10 minutes 
to full load, the new machine was also seen as fi lling a gap in the Siemens industrial turbine range.
Much of the increased effi ciency relative to the SGT-700 comes from the additional two stages in 
the compressor, taking the total to 13, providing a pressure ratio of 24:1.
The emphasis in developing the SGT-750 has been on using proven technology, design and 
materials from across the existing Siemens gas turbine fl eet rather than anything totally novel and 
untried. For example, the fi ring temperature, around 1144°C, is close to that of the SGT-700, the 
SGT-750 burners are fourth-generation versions of the Siemens DLE design, and the compressor 
rotors employ electron beam welding, a well established technology for Siemens gas turbines.
The new machine is designed for 68 000 hours between major overhauls (longer in part-load 
mode) and as few as 17 days maintenance downtime in 17 years operation.
Features contributing to serviceability include: extensive use of 3D visualisation in the design; axially 
removable compressor blades; provision for on-line infrared temperature monitoring of the most 
highly stressed blades; the possibility of combustion part replacement without the need for casing 
disassembly; accessible balancing planes to facilitate fi eld servicing activities; and modular build-up to 
facilitate on-site maintenance activities.
Brush seals are employed in the turbine for enhanced fuel effi ciency, while the turbine has a wide 
turndown ratio and is designed for dual fuel operation.
The SGT-750 gas turbine train comes mounted on a base frame with single-lift capability and a base-frame 
split between driver and driven equipment. The power generation package footprint is 20.3 x 4.8m.
The fi rst commercial SGT-750 gas turbine is due to be delivered in 2012.

 
Main design features of the SGT-750, together with data for the 
adjacent machines in the Siemens’ industrial turbine range, the 
smaller SGT-700 and the larger SGT-800

 SGT-700  SGT-750 SGT-800 
 (formerly GT10C)  (formerly GTX100)
Basic confi guration Twin shaft* Twin shaft* Single shaft**, 
   optimised for 
   combined cycle
Power 31 MWe 35.93 MWe 47 MWe
Fuel                 natural gas (but dual fuel option available)
Frequency 50/60 Hz 50/60 Hz 50/60 Hz
Electrical effi ciency 36.4% 38.7% 37.5%
Heat rate 9882 kJ/kWh  9296 kJ/kWh  9597 kJ/kWh 
 (9367 Btu/kWh) (8811 Btu/kWh) (9096 Btu/kWh)
Turbine speed 6500 rpm 6100 rpm 6608 rpm
Compressor pressure ratio 18.6:1 23.8:1 19:1
Number of compressor stages 11 13 15
Turbine inlet temperature 1142°C 1144°C 1180°C
Exhaust gas fl ow 94 kg/s  113.3 kg/s  131.5 kg/s 
 (208 lb/s) (249.8 lb/s) (289.9 lb/s)
Exhaust temperature 528°C 462°C 544°C
NOX emissions               15ppmV or less (corrected to 15% O2 dry)
* Compressor and the turbine that drives it (the compressor turbine) on one shaft, power turbine on the other. 
** Compressor and power turbine on one shaft

SGT–750 GAS TURBINE MAINTAINABILITY AND MAXIMUM UP-TIME
A key consideration in the design of the SGT-750 gas turbine has been simplifying and facilitating maintenance, 
and the maximisation of up-time.
With the SGT-750 as few as 17 days of 
downtime for maintenance are needed over a 
17-year operating period. This is achieved by 
combining the maintenance plan shown in the 
diagram, right, with a 24-hour engine swap 
concept.
The on-site maintenance plan is divided into three 
levels. Level A is a 24-hour borescope inspection 
(with borescope ports provided for each stage). 
Level B is hot parts replacement, normally 
performed in 12 days. Level C is a complete 
overhaul, normally taking 16 days. The 17 days 
of maintenance downtime is achieved by using a replacement gas generator for B and C, with load-to-load swap 
time of 24 hours, allowing the work to be done offsite (the gas generator being basically everything except the 
power turbine).
Another contributor to the increased serviceability of the new machine has been the extensive use of full-scale 3D 
visualisation (see photograph below), employing the facilities of the Norrköping Visualisation Centre, together with 
Siemens PLM software. One example of the benefi ts of visualisation was the discovery that it was diffi cult and 
time-consuming to exchange instrumentation on the power turbine. Redesigns were carried out, informed by the 3D 
modelling, and verifi ed using visualisation.
Another design feature designed to facilitate maintenance is the use of on-line infrared temperature monitoring for 
blades 1 and 2 of the compressor turbine, the most highly stressed blades in the machine. Infrared camera ports 
are provided for temperature profi ling. All SGT-750 gas turbines are mapped with the infrared cameras during 
engine delivery testing and during regular scheduled inspections. This allows early warning of deviations, helping 
to keep the turbine in good condition and contributing to faster and more effective servicing by giving accurate 
diagnostic advance information to technicians working on an outage.
Also facilitating maintenance is the fact that complete compressor reblading can be done without rotor removal, 
thanks to the use of axial blade attachment grooves.
In addition combustion parts can be replaced without the need for casing disassembly.
The modular build-up of the package also helps maintainability, as does the accessibility of the fi ve balancing 
planes, once again avoiding the need for diassembly to carry out fi eld balancing operations.
Other features contributing to maintainability include: low weight air inlet plenum on wheels; use of curvic disk 
couplings; and retaining stator rings.
The SGT-750 employs both horizontal and vertical split casings. In the compressor section, the split is horizontal 
to facilitate access. In contrast, the hot parts of the unit are surrounded by vertically-split single-piece circular 
components, which helps to achieve optimised clearances and stability.
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 SGT-750 maintenance regime (“gas generator” 
essentially means everything except the power 
turbine)

 Fast maintenance

exchange)

exchange with power turbine inspection)

 Normal maintenance

parts replacement)

For onshore applications the driven equipment can be 
located on a separate concrete foundation, as shown 
here. The lubrication oil system is installed outside the 
package and all auxiliary systems are mounted on 
the base frame. Liquid fuel, water injection and fi re 
fi ghting systems are kept separate.

COMPRESSOR
The axial fl ow compressor has 13 stages, achieving a 24:1 pressure ratio. It employs controlled diffusion airfoils for high 
effi ciency and two variable guide vanes for optimised performance even in extreme conditions.
The axial blade attachment grooves allow complete compressor reblading without the need for rotor removal, speeding up 
servicing and contributing to higher up-time for the gas turbine.
Electron beam welding is used to manufacture the compressor rotor, forming a solid rotor body. This rigid rotor body is the 
foundation of the rotor stability of the SGT-750. The stability enables more uniform and smoother run-ups in all conditions.

Compressor with variable guide vanes (two stages)

Axial compressor blade attachment grooves facilitate maintenance

Air inlet and compressor

SGT-750 compressor rotor manufacture 
at Finspong, Sweden. 
Note blade attachment grooves

Air/combustion gas fl ow through combustor

COMPRESSOR TURBINE AND POWER TURBINE
The two-stage compressor turbine blades are made of state-of-the-art proven materials with several years of 
confi rmed performance. The blades and guide vanes are cooled with a combination of internal convective cooling and 
fi lm cooling.
The use of conventional materials and effective blade cooling guarantees optimal durability.
The compressor turbine blades are subjected to on-line infrared monitoring and deviations from the mapped profi les 
provide early warning of possible problems, eg thermal barrier coating delamination.
The two-stage power turbine is “free”, ie on a separate shaft from the compressor and its turbine, rotating in the 
opposite direction to the compressor, at a speed of 6100 rpm. It has an inlet guide vane that can be adjusted for 
different ambient conditions.
For power generation the SGT-750 employs a two-speed reduction gearbox.
The turbine can be optimised for a range of ambient conditions, including arctic, temperate, or tropical.

Conventional materials

Two turbine stages, 
with IR camera 
access to each

Bolted to compressor rotor Brush seals

Two-stage compressor turbine drives the compressor

Infrared camera monitors the blades of the compressor turbine

Bolted rotor

1. Single rigid compressor rotor body, electron beam welded

2.  Combination of horizontal split casings (in the compressor) 
for good access and vertical split in the hot parts for 
optimised clearances and stability

3. Variable guide vanes (two stages)

4.  Thirteen-stage compressor, with 24:1 pressure ratio. Axial 
blade attachment grooves allow complete compressor 
reblading without rotor removal.  4b. The compressor has 
three bleeds, at stages three, six and nine. 

5.  The rotor is supported by mineral-oil-lubricated long-life 
tilting pad bearings.

6.  Five easily accessible balancing planes allow fi eld 
balancing without disassembly

7.  Eight can type combustors with fourth-generation DLE 
burners. The can design provides good maintainability 
and allows exchange of burners and combustor parts 
without disassembly

8.  Two-stage air-cooled compressor turbine. Only proven 
“conventional” materials with several years of successful 
operating experience are used, combined with internal 
convective and fi lm cooling, with the aim of achieving 
maximum durability

9.  On-line monitoring. The engines are mapped with infra-red 
cameras during delivery tests and scheduled inspections. 
This enables early detection of deviations. The IR images 
can also help speed up servicing by providing diagnostics 
in advance

10.  Two-stage high speed (6100 rpm) free power turbine, 
counter rotating, uncooled

DESIGN FEATURES OF THE SGT-750 GAS TURBINE

Eight combustor cans Combustor design 4th generation DLE burner 
Main fuel

Air

Combustor verifi cation: fl ow test of casing, burner and combustor

There are eight combustors, with can combustion chambers. The cans are of 
a double-skin serial-cooled design, with eight transition ducts of double-skin 
parallel-cooled design. Both liquid and gaseous fuels can be used.
This can design provides excellent maintainability, and easy-access 

exchangeability without casing disassembly.
The fourth generation DLE burners offer dual fuel on-line switchover 
capability, increased power turn-down range, and good 
emission control.

DLE BURNERS AND CAN COMBUSTORS

The SGT-750 power package Turbine with 
exhaust casing

Exhaust

Maintenance crane

AC generator

Gearbox

Maintenance doorGT room

Auxiliary room

Air intake
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Borescope ports for 
each stage

Low-weight inlet plenum on wheels for easy maintenance

Electrical starter 
motor in front 
of compressor

Visual access to 
compressor inlet 
during operation

Convective combustor cooling

Combustor

Transition duct

Pilot

Infrared camera ports

Shrouded uncooled blades and 
honeycomb seals

High effi ciency diffuser

Power turbine

Two tilting pad (long life) bearings

Guide vane actuator
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EMISSIONS REDUCTION

ASCR™:  lower NOx removal costs
without sacrificing performance
With recent regulatory initiatives, eg the new Industrial Emissions Directive in Europe, and new rules being

proposed by EPA in the USA, the question for power plants is not whether they will be required to reduce NOx

emissions in the future to stay in operation, but when. What is needed is a low-capital-cost but high-

performance NOx removal technology. Fuel Tech, Inc believes its ASCR™ technology fits the bill, with capital

costs a fraction of those of stand-alone SCR

Stewart Bible, Volker Rummenhohl, Mark Siebeking, Reid Thomas and Caleb Triece, Fuel Tech, USA,
and Pierangelo Ponzoni, Fuel Tech, Italy

A
CSR™ employs a “layered”
approach, optimally combining three
NOx reduction technologies. The
three layers are: staged combustion

(consisting of LNB (low-NOx-burners) and
OFA (over-fire air); SNCR (selective non-
catalytic reduction); and SCR (selective
catalytic reduction). The concept derives its
advantages from the synergies that exist
between these three technologies, particularly
when their application is informed by
advanced computational fluid dynamics,
coupled with the considerable cost savings
that arise from using a single-layer SCR
installed in existing ductwork, suitably
modified, and employing existing structural
supports. This is much more cost effective than

“going to ground,” ie building a stand-alone
SCR facility with its own foundations and new
structural steel, etc. It is estimated that ASCR
will typically be able to achieve NOx removal
rates of up to 85% at around half the total
(capital plus operating) cost of stand-alone
SCR. Capital costs are estimated be in the
range $30-75 for an ASCR installation,
compared with about $300 per kW for a full
scale stand-alone SCR.

Figure 1 shows a typical ASCR configuration.
The catalyst portion of the ASCR, which

contains all the components of a typical SCR,
is installed in an expanded section of the power
plant’s existing vertical ductwork, located
between the economiser outlet and the air
preheater (APH) inlet. This arrangement is

responsible for most of ASCR’s economic
advantages over standard SCR installations.
Given typical components and the
overdesigned structural steel and foundations
normally found in power stations, these
modifications and additions can usually be
carried out without the need for new
foundations or extensive modification of
existing structural steel.

In addition, there is no need to relocate or
modify the existing air preheater, which is
sometimes a costly element of an SCR retrofit.

ACSR (with its single layer of catalyst) uses
less catalyst volume than a conventional SCR
system, another contributor to lower capital
costs, but it requires a higher rate of catalyst
replacement and consumes more reagent. On
the other hand the pressure drop associated
with ASCR is lower than SCR. Overall, the
total cost of ASCR is estimated to be lower
than SCR except where power plant capacity
factors are extremely high.

Among the synergies contributing to the
surprisingly high, “SCR-like”, NOx removal
efficiencies that ASCR is capable of are the
following:
• Close coupling of the SNCR design to the

design of the combustion modifications
helps improve SNCR performance. Thanks
to CFD modelling and field testing, a deep
understanding is gained of boiler dynamics,
both before and after combustion
modifications are installed, enabling the
SNCR systems to achieve previously
unattainable levels of performance.

• SNCR performance is further improved due
to the presence of the catalyst layer.  Current
limitations on SNCR performance arise
from the amount of “ammonia slip”
allowed, typically of the order of 2-10 ppm.
Performance can be pushed to achieve
greater NOx removal efficiencies and lower
urea consumption rates by relaxing this
requirement. The existence of the
downstream catalyst layer in the ASCR
configuration allows such a relaxation, with
the catalyst design itself taking this
additional NH3 source into account and the
catalyst acting as a “mop” for NH3.
Basically, the ammonia slip from the SNCR
provides the reagent for the catalytic 

Figure 1.
Typical ASCR configuration

Economiser
outlet Duct expansion and

turning vanes

Graduated
straightening grid

7 X 7 module 
catalyst

Ammonia
injection grid

LPA screen
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reactions, supplemented with an ammonia
injection grid (AIG).

• Catalyst performance is improved because
of the lower NOx levels it sees (due to the
upstream NOx removal technologies),
coupled with the extensive use of CFD
modelling, together with highly evolved
flow distribution devices such as static
mixer, ammonia injection grid, and Fuel
Tech’s patent pending Graduated
Straightening Grid (GSG).

The importance of CFD
A key factor enabling ASCR to now be
deployed as a proven technology has been the
rapid development of CFD modelling tools
over the past ten years or so. This in turn has
been made possible by the continuous march
of computing hardware improvements (as
reflected in Moore’s Law (published in 1965,
which states that the number of transistors
that can be squeezed on to an integrated circuit
doubles every two years) and the remarkable
increase in computing power of the typical
engineering work station computer.

At heart, coal combustion is the result of a
variety of mechanisms, including mixing,
evaporation, pyrolysis, and multiple chemical
reactions, primarily the exothermic oxidation
reactions of volatile matter. The process of
creating computational models of such a
complicated process is not without its
challenges and is continually evolving.

The combustion process consists of moisture
being driven out of the coal particle via
evaporation, light volatile gases (methane, etc)
being driven off via devolatilisation, the light
volatiles reacting on many parallel pathways,
and the remaining volatile matter (C, H, O, N)
reacting in the form of solid char oxidation
reactions until only ash remains. The NOx
created during the process can be classified in
terms of its origin: “Thermal NOx”(high
temperature oxidation of atmospheric
nitrogen, via the “Zeldovich mechanisms”);
“Fuel NOx” (formed from nitrogen in the fuel
via a complex process with many reversible
reactions and intermediate species); and
“Prompt NOx” (also formed from atmospheric
nitrogen in the air, but via different
mechanisms), which is not normally considered
as it is a small percentage of the total.

There are hundreds of intermediate species
and reaction pathways involved in the
combustion of coal. Therefore, even with
today’s computing hardware, simplifications
are still needed for the computational problem
to be tractable. The trick is to have sufficient
complexity in the model to capture the
important processes while at the same time
maintaining solvability. We typically reduce
the reaction set to Arrhenius type reactions.

As for coal combustion, it is widely
recognised that there are hundreds of
intermediate species and reaction pathways
involved in the SNCR NOx reduction process.
And again we simplify, employing the two-
step reaction simplification first proposed by
Ostberg et al in 1997, which has been shown
to produce realistic NOx reduction estimates
over a wide range of boiler conditions.  Similar
to the oxidation reactions already discussed,
the reactions in this two-step SNCR
mechanism are modelled with Arrhenius type
reaction rates, with the same form.

Compared with coal combustion and
SNCR, the CFD modelling of SCR is

relatively straightforward, athough the design
and implementation of an efficient system is
complex. In particular, the NOx removal
efficiency is highly dependent upon the
incoming distributions of NOx, NH3,
temperature and velocity. Failure to achieve
homogeneous distributions is perhaps the
most common reason for underperformance
of SCRs. These dependencies are evident in
the reaction mechanism across the catalyst (as
first proposed by Wendt et al in 2001). Instead
of an Arrhenius type reaction, we model the
SCR NOx reduction mechanism as a
Langmuir–Hinshelwood type rate equation.

Modelling the ASCR
Looking at the SCR portion of the ASCR, as
previously mentioned, the concentrations of
NOx and NH3, the temperature profiles, and
the velocity patterns exiting the boiler are
critical to effective design. If the NOx and NH3
profiles are highly skewed exiting the boiler,
one or more static mixers may be required to
achieve the required distributions entering the
catalyst. If the NOx and NH3 profiles are
relatively homogeneous, a tunable ammonia
injection grid may be sufficient.

Figure 2 shows the effect of the patent
pending Fuel Tech Inc technology known as

Figure 2. CFD model: 
SCR fluid dynamics

Figure 3. CFD model: 
NOx concentrations
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ammonia concentrations
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the Graduated Straightening Grid (GSG),
used to provide optimally distributed and
uniform gas velocities into the catalyst.
Indeed, the GSG can provide flows into the
catalyst that were previously unrealisable in a
confined space such as this.

We believe the GSG technology is a
breakthrough that will enable the evolution of
the ASCR concept from being a marginally
useful tool where space is not a problem to
being applicable, and highly efficient, across a
wide range of units.

Figure 3 shows the evolution of the NOx
profile as the flue gas moves through the
catalyst portion of the ASCR, with various
contour planes throughout shown in the
isometric view on the left, and the centre-line
contour plot shown in elevation on the right
of the following figure.

Figure 4 shows the evolution of the NH3
profile as the flue gas moves through the
catalyst portion of the ASCR.

The results shown here are after only a few
iterations upon the design have been
performed, whereas during a typical design
project as many as 50 iterations would be
expected. Thus the results are “unoptimised”
and we would expect the distributions to be
improved upon. In addition, the AIG has not
been tuned and is injecting equal volumes of
NH3 in all zones.

Application in China
A project at Castle Peak B, a 4 x 685 MW
bituminous coal fired plant in Hong Kong,
China, has successfully employed many
elements of ASCR, including advanced CFD
modelling, BOFA, in-duct SCR, AIG (located
in the cavity of the economiser), static mixer
and Graduated Straightening Grid, but not
SNCR. A test rig was also used to check CFD
results experimentally.

The SCR catalyst is located immediately
above the air heater.  One layer of catalyst
provides 8000 hours of catalyst lifetime, with
NOx removal efficiency varying from 40% at
the beginning and 30% at the end of life. The
reactor is designed for 7.5 m/s catalyst face
velocity. One of the four systems has now been
in operation for over 1 year and has exceeded
all performance criteria.

Figure 5 shows Castle Peak and Figure 6 the
components modelled  with CFD in the Castle
Peak case, economiser to air preheater inlet.
Figure 7 shows the experimental test rig.

Modelling has also been carried out on a
potential ACSR installation at the Longannet
power plant in the UK.

Recently, the first order for a complete
ASCR retrofit (combustion modifications,
SNCR and SCR)  has been received by Fuel
Tech. The ASCR system is to be installed in a
75 MW power boiler at a China Steel
Corporation facility in Kaohsiung, Taiwan.

There are three identical power boilers (units
6, 7 and 8) at the facility. The ASCR retrofit
will be on unit 7.    

System-wide approach
In summary, ASCR, by making maximum use
of existing ductwork and structural supports,
instead of “going to ground”, is a way of
realising the performance benefits of SCR
while minimising the high costs associated
with it. In addition, the existing capital and
operating cost advantages of combustion
modification and SNCR are exploited to the
full.

Also, the performance of each NOx
reduction component in the system is
optimised by taking a  system-wide design
approach and making extensive use of
advanced CFD modelling (which, in fact, be
seen as an enabling technology, underpinning
the ASCR concept) . Inputs to and outputs
from each component are  not considered as
isolated events, but as feed forward and
backward inputs to the other components, to
be optimised.

In addition highly effective flow distribution
devices are used, such as static mixing, AIG
and the Graduated Straightening Grid. The
latter is particularly important in providing
optimal flow through the catalyst where space
is limited, ensuring that the catalyst portion of
the ASCR installation operates at maximum
possible efficiency. MPS

Figure 6. Components modelled in Castle Peak case, economiser to air
preheater inlet Figure 7. Experimental test rig for the Castle Peak project 
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Figure 5. Castle Peak power plant (photo CLP) 
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