
 1 Copyright © 2012 by ASME 

Proceedings of the ASME 2012 Power Conference 
POWER2012 

July 30 - August 3, 2012, Anaheim, California, USA 

DRAFT   POWER2012-54556 

HIGH-SPEED STEAM TURBINE SYSTEMS                                                        
FOR DISTRIBUTED GENERATION APPLICATIONS 

 
 

Miroslav P. Petrov 
Royal Institute of Technology 
Dept. of Energy Technology 

Stockholm, Sweden 

Jens Fridh 
Royal Institute of Technology 
Dept. of Energy Technology 

Stockholm, Sweden 

Åke Göransson 
Siemens Industrial Turbomachinery 

Finspong, Sweden 

 
 

ABSTRACT 
The efficiency of utilization of low-grade solid fuels of 

either renewable or fossil origin such as biomass, municipal or 
agricultural wastes, peat, lignite, etc. for distributed generation 
applications and combined heat and power (CHP) production at 
small scales can be improved by a simple technology shift. This 
study evaluates the technical feasibility of a compact power 
generation package comprising a small steam turbine directly 
coupled to a high-speed alternator delivering around 2 MW of 
electricity. Existing high-speed electrical generators at MW-
scale are presented and reviewed, and a basic thermodynamic 
design and flow-path analysis of a steam turbine able to drive 
such a generator is attempted.  

Most importantly, the speed-controlled turbogenerator 
arrangement promises improved electrical efficiency especially 
at part-load (in off-design mode), compared to the typically low 
off-design performance of small-scale steam cycles using state-
of-art fixed speed turbines.  

High-speed alternators with related power electronics are 
nowadays becoming increasingly available for the MW-size 
market. One such product – a commercial 2 MW permanent-
magnet alternator running at 22,500 rpm – has been used as a 
reference for evaluating the behavior of a speed-controlled 
steam turbine as a prime mover. The specific turbine losses due 
to its comparatively small size remain serious. However, a low 
steam parameter approach suits well for converting, for 
example, heat-only boilers into CHP units, adding value by 
local electricity production at affordable costs. Steam superheat 
temperatures of around or less than 350 C (660 F) would keep 
the steam volumetric flow sufficiently high in order to restrain 
the turbine losses and allow for a cost-effective electricity 
production for enhanced utilization of locally-available solid 
fuels via steam cycles. Such a steam turbine is possible to 
manufacture and would deliver a promising performance 
despite its small size. The possibility for the turbine to be 
speed-controlled and its characteristics thereof have been 
evaluated by computer simulations using the in-house code 

AXIAL by courtesy of the Swedish branch of Siemens 
Industrial Turbomachinery, steam turbine division.  

Simulation results show that a reasonable improvement in 
part-load performance can be achieved for the high-rpm 
turbine-generator drivetrain: up to 30% better in the load 
spectrum down to 50% of nominal output, if compared with a 
fixed-speed arrangement of similar size and parameters.  

 
INTRODUCTION 
 The proper utilization of small-scale solid fuels like 
forestry residues, agricultural residues, sawdust, rotation crops, 
peat, construction wastes, municipal wastes, locally mined coal, 
etc. has significant relevance anywhere in the world where such 
fuel resources are locally available. Enhanced use of these 
native natural resources for power production with improved 
efficiency is necessary, preferably in cogeneration applications, 
especially in the context of decreasing dependence on imported 
fuels and fulfilling the sustainability goals in the near future.  

Small scale solid fuel boilers are often used to supply hot 
water for district heating purposes, low-pressure steam for 
industrial applications, or sometimes just for refuse incineration 
without any energy extraction. Adding a power generating 
package to a heat-only boiler is a promising way for improving 
the overall efficiency of fuel utilization, effectively converting 
the unit into a distributed CHP generator. However, simplicity 
of construction and maintenance, and cost-effectiveness would 
be important in view of the small sizes, high specific costs, and 
various restrictions often limiting the willingness of local 
utilities to invest in new equipment especially when novel 
technology is involved. 

Electricity generation based on conventional steam plants 
at small scales delivers comparatively poor electrical 
efficiencies due to the often severe parameter constraints and 
the typical susceptibility of scale essential to steam cycles. 
Small steam units suffer from the necessity to apply simplified 
solutions with lowest possible costs. Investments in electricity 
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generation from solid fuels at small scales can hardly prove 
economically feasible when relying only on established 
conventional technology.  

Innovative solutions are also applicable to small-scale 
steam units. Marginal improvements in energy conversion 
efficiency can in most cases raise the competitiveness of 
electricity generation from locally produced solid fuels, and 
thus make well-proven solutions like steam cycles increasingly 
viable for distributed generation applications.  

Conventional small to medium-size gas or steam turbine 
cycles for electric power generation often employ a reduction 
gearbox linking the turbine to the electrical generator, allowing 
the turbine to operate efficiently at high rotational speeds while 
running the generator with the standardised rotational speed 
dictated by its number of pole pairs and the frequency of the 
electrical grid. Because the generator is directly connected to 
the electrical grid, the turbine always operates at a fixed 
rotational speed despite its variable loading at a given moment. 
This substantially decreases the turbine performance at off-
design modes of operation (partial loads). Besides, the gearbox 
itself implies a heavy investment cost, adds frictional losses and 
requires maintenance.  

If the electrical generator were not directly connected to 
the grid but to an electricity conditioning unit (AC/DC/AC 
electronic converter) instead, it would be able to rotate faster 
than what the grid frequency suggests, matching its rotational 
speed to the optimally high speeds of small turbines and thus 
avoiding the gearbox.  A generic layout of a typical high-speed 
turbo generator arrangement is shown in Figure 1 below. Such a 
direct shaft link between the turbine and the generator would 
avert the gearbox-related losses, but would require power 
electronics, which in itself adds losses. Nevertheless, modern 
high-speed generators with their related power electronics are 
available today up to a certain rated output and promise an 
improved performance at any load spectrum with minimum 
maintenance when compared to conventional fixed-speed 
gearbox drives.  

 

Fig. 1: Typical layout of a high-speed turbogenerator     
arrangement with its power electronics unit.   
 

OBJECTIVES AND METHODOLOGY 
An innovative speed-regulated steam turbine directly 

coupled to a high-speed electrical generator, constructed as a 
compact power package, promises superior performance and a 
modest footprint for small-scale steam cycle applications. The 

steam turbine itself would derive some of its features from 
small gas turbines while remaining primarily an axial flow 
impulse machine, trading off a low degree of reaction for 
higher isentropic efficiency. The turbo generator train operates 
at variable speeds, i.e. it is variably speed-controlled at part 
load, with the purpose to allow for an improved off-design 
performance compared to traditional fixed-speed drives.  

The present study evaluates the technical feasibility and the 
applicability of a high-speed turbo generator package for small 
steam cycles fired with low-grade solid fuels. This technology 
can win new grounds and help in enhancing the utilization of 
locally available solid fuels for distributed power or CHP 
generation, provided that its technological and economical 
advantages are proven, and the interest in power producers and 
investors is awaken.  

Moreover, many existing biomass- or waste-fired boilers 
today are used only for heat production, or even only for refuse 
incineration without any energy recovery. The generation of 
electricity could be a valuable supplement in these locations. 
An easy-to-install-and-maintain power package with good part-
load efficiency would largely help initiate massive conversion 
of heat-only boilers into CHP units. The load flexibility of the 
proposed solution can allow for efficient operation at any fuel 
delivery rate or any load-variation scheme typical for 
applications relying on local fuel supplies or serving as the 
backbone of island grids.  

A thermodynamic design of a steam turbine able to drive a 
high-speed generator in the scales of 1 – 3 MW has been 
attempted. Possible hurdles impeding its performance have 
been identified and reviewed, namely the aggravating influence 
of flow related losses in small turbines. Most importantly, the 
off-design behavior of a variable speed controlled steam turbine 
has been evaluated via computer simulations and compared to 
that of a fixed-speed machine of the same size and with the 
same steam input parameters.   

Computer simulations have been run using the in-house 
software code AXIAL developed by Siemens Industrial 
Turbomachinery at Finspong, Sweden, and tailored to one-
dimensional mean-line flow path calculations of steam and gas 
axial turbines [1].  

 

MW-SIZE HIGH-SPEED ALTERNATORS 
High-rpm electrical machines are not a particularly new 

technology. They have been extensively studied and prototype-
tested during the last decades following the advancement of 
power electronics reliability and the decrease of its costs.  
Today, micro or mini size high-speed machines are applied 
mostly as motors for frequency-controlled compressor drives in 
the oil and gas industry, or as gas turbine driven generators. A 
good summary of the recent developments and trends is given 
by Arkkio et al. in [2]. However, the scale-up to rated outputs 
above 1 MW has been largely hindered by various issues 
related to materials, structural integrity, and optimal cost.  

There are two basic types of high-speed electrical 
generators able to expand into the MW scale:  the permanent 
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magnet (PM) synchronous machine and the induction 
(asynchronous) machine. They both can be considered as 
conventional technology in a high-speed format. Both the PM 
and the induction generators produce alternating current whose 
frequency and voltage are a direct function of the rotating 
speed. The produced electrical power needs first to be 
conditioned before feeding it into the electrical grid. A major 
obstacle for PM machines is that high-performance magnets 
require rare earth materials and may suffer from high costs and 
limited lifetime; while induction machines require wound rotors 
for better control of power quality which implies mechanical 
complications and may be unreliable at high speeds. 

Furthermore, the extreme compactness (rated output per 
unit volume) of high-speed alternators requires sophisticated 
cooling systems. Despite the technical challenges, these 
machines are generally more compact, more flexible, and 
promise higher efficiencies in any operational mode than their 
conventional counterparts.  

Generally, high-speed alternators have not been in focus 
for the mass market above the 1 MW size range yet. However, 
investigations showed that there are at least three companies or 
consortiums aiming at introducing such products commercially, 
and claiming that the necessary development and testing work 
has been successfully accomplished. A quick review of their 
proposed products follows here.  

 
Direct Drive Systems’ “Frame 2” alternator 

The Direct Drive Systems start-up company [3] based in 
California and now taken over by FMC Technologies, produces 
high speed generators up to a power rating of 12 MW [4]. Their 
primary product is the 2 MW PM machine of 950 Nm constant 
torque. The power output can be varied during operation 
depending on the rotational speed. At around 12,000 rpm the 
generator output is 1 MW, 480 V, while at the maximum speed 
of 23,000 rpm an output of above 2 MW / 1200 V can be 
achieved. A photo of the machine is shown in Figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: The high-speed PM generator by  
Direct Drive Systems rated at 2 MW [3].  
 

The Direct Drive Systems’ generator is a PM machine with 
2 pole pairs, weighing at 748 kg. The rotor length is 1.3 m, total 
volume of 0.57 m3, which implies a power density of 3500 
kW/m3, a value much higher than conventional machines. The 
manufacturer claims an overall efficiency (including all losses) 
of 97.5 %, sustained largely at this level down to 50% load [4]. 
The cooling system is available with either water/glycol or air 
circuits, while the bearings can be either lubricated tilt pad or 
active magnetic ones.   

 
The ALPS project 3 MW alternator 

A group of companies and organisations [5], including 
AlliedSignal, the University of Texas at Austin, and the Centre 
for Transportation & Environment, have developed a 3 MW 
high-speed generator for applications in a gas turbine powered 
hybrid-electric advanced locomotive propulsion system 
(ALPS). The technology could successfully be used for steam 
turbine driven systems feeding power to the electrical grid. A 
photo of the ALPS generator is shown in Figure 3.  

 

Fig. 3: The ALPS high-speed induction generator 
 prototype rated at 3 MW [5]. 
 
The ALPS generator runs at 12,000 to 15,400 rpm. It is a 

8-pole squirrel cage induction machine. The output voltage, 
determined by the armature winding on the stator, is 1668 V 
line-to-line. The overall volume of the ALPS generator is 
around 0.53 m3 with a rotor length of 0.89 m, weighing at 1100 
kg. The rotor is made from steel laminations heat treated to a 
yield strength of 1270 MPa. The generator uses oil cooling 
through the shaft and the rotor. The oil from the shaft is also 
used to cool the rectifier’s diode heat sink. To supplement the 
oil cooling, high pressure air cooling is also used throughout 
the generator – in particular, to remove windage losses and 
surface losses.  

 
TurboPower Systems’ 1.2 MW alternator  

TurboPower Systems is a UK-based start-up company [6] 
that was originally set up as Turbo GenSet by staff from the 
Imperial College in London. They have developed a high speed 
generator rated at 1.2 MW. A cross-sectional drawing of the 
prototype unit is shown in Figure 4.  
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Fig. 4: The 1.2 MW high-speed PM alternator design  
 by TurboPower Systems [6]. 
 
The TurboPower alternator is a constant torque machine at 

650 Nm where the power output depends directly on the 
rotational speed. The maximum speed it tolerates is 23,000 
rpm, with a 10% short-duration overspeed limit. The generator 
delivers 1000 VDC at 23,000 rpm, which is then converted by 
the supplementary electronic system into 480 VAC at 50/60 Hz, 
or whatever else the grid connection may require.  

The TurboPower Systems’ generator is a PM machine with 
2 pole pairs of axial flux configuration. With a rotor length of 
0.87 m and a volume of 0.31 m3, the generator has a power 
density of around 3800 kW/m3. Weighing at around 450 kg, the 
machine is extremely lightweight if compared to a conventional 
synchronous generator of the same power rating.  

The generator uses an active magnetic bearing system 
which includes a separate bearing controller. This machine is 
designed to offer exceptional efficiency at part loads. According 
to the developers, from half to full load the efficiency holds at 
98 %, and drops only down to 96 % at quarter load. The rotor is 
air cooled, whereas the stator is water cooled.  

 
Table 1: Summary of the available high-speed alternator 

designs, as presented in the text above.  
Developer \\ 
Parameter  

Direct Drive 
Systems 

ALPS  
project 

TurboPower 
Systems 

Rated power 2 MW 3 MW 1.2 MW 

Rated rpm 22,500 15,000 23,000 

System type PM induction PM 

Rated torque 950 Nm n.a. 650 Nm 

Volume 0.57 m3 0.53 m3 0.31 m3 

Weight 748 kg 1100 kg 450 kg 

Power density 
3,500 kW/m3 
2.67 kW/kg 

5,660 kW/m3 
2.73 kW/kg 

3,870 kW/m3 
2.67 kW/kg 

Efficiency @ 
100% load 

97.5 % n.a. 98 % 

Efficiency @ 
50% load 

97.5 % n.a. 97 % 

Commercial & 
field tested 

YES NO NO 

 

HIGH-SPEED STEAM TURBINE 
The high-speed alternator rated at 2 MW, commercially 

available by Direct Drive Systems /FMC Technologies [3, 4], 
appears to be the only market-ready product of this size. It is 
therefore assumed as a reference case for this study. A steam 
turbine designed to be directly coupled to it should have a 
similar optimum rotational speed at rated power, namely around 
22,500 rpm.  

At 2 MW shaft output the steam turbine fits well into a 
CHP system of around 10 MWth fuel energy input – a typical 
small-scale boiler. At such a size, turbines have difficulties with 
achieving satisfactorily high efficiency, therefore an axial flow 
impulse machine has been suggested and examined closer in 
this investigation.  

The purpose of defining the turbine parameters is to obtain 
non-dimensional values, which can help in determining an 
optimum turbine stage design. The three most important design 
parameters define the velocity triangle for a turbine stage [7]:  

 Degree of reaction – ratio of enthalpy change in the 
rotor blades to enthalpy change in the expansion stage;  

 Loading factor – ratio of stagnation enthalpy 
difference to the square of tangential blade speed;   

 Flow coefficient – ratio of steam axial velocity 
through the rotor to tangential blade speed.  

Losses occurring in turbomachines and leading to 
decreased turbine efficiency can be classified into several 
different types: leading edge losses; tip leakage losses; end wall 
losses; boundary layer losses; heat transfer losses; and others. 
The most important loss mechanisms especially relevant to 
small-scale turbines are the following [7]:  

 Profile losses generated in the boundary layer of 
blades and vanes;  

 End-wall losses generated in the hub and annulus 
boundary layer. These might involve losses due to 
secondary flows;   

 Tip leakage losses due to the clearance between blade 
tip and turbine casing. The relative magnitude of these 
losses depends on the type of the machine and on the 
blade aspect ratio (blade height to chord length).  

All these major energy losses increase in value with decreasing 
turbine size.  

The work presented herein focuses on the aerodynamic 
design study of a steam turbine able to drive a high-speed 
alternator rated at 2 MWel and 22,500 rpm. The aim is to 
optimize the turbine flow path and come up with finalized basic 
dimensions of the expansion stages, such as size and shape of 
blades, evaluating primarily the associated losses in the turbine 
interior at varying loads.  

Apart from blade geometry, other crucial turbine 
parameters to be evaluated are:  

 Number of stages;  
 Mean diameter of the first stage;  
 Optimum aspect ratio for the blades;    
 Degree of reaction for each stage;  
 Loading factor for each stage;  
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 Distribution of power output per stage.     
Key turbine input parameters such as temperature and 

pressure are also subjected to optimization as the goal is to 
design a comparatively simple, low steam parameter machine 
with satisfactorily high efficiency. Finally, the main goal of this 
study is to simulate and determine the steam turbine 
performance at varying loads.  

A few assumptions have been made in order to perform the 
analysis: zero exit swirl, similar degree of reaction and loading 
factor for each expansion stage. The following interplay of 
design characteristics is taken into account:  

 Number of stages decreases with increasing the 
loading factor;  

 Degree of reaction decreases with increasing the 
loading factor;  

 Number of stages decreases with increasing mean 
rotor radius, but there is a limit. Too small blades are 
not practical, so the lower limit of radius ratio should 
be around 1.1 aiming at a realistic turbine geometry 
and concerning mechanical integrity;  

 Turbine inlet radius increases with higher specific 
volume of inflowing steam.  

Steam mass flow rate input should be such that it provides 
a practical limit for the inlet geometry such as the blade height 
of the first turbine stage. For a fixed steam exit condition, 
higher temperature and pressure at the inlet lead to smaller 
mass flow rate for a given power output, which negatively 
affects the turbine inlet geometry and demands a very small 
blade height implying very high losses. Blades shorter than 
about 8 mm (~0.3 inches) are impractical in a steam turbine. A 
trade-off between high inlet parameters and turbine efficiency 
needs to be found, therefore conservative inlet parameters are 
advantageous for small turbines.  

Furthermore, conservatively low steam parameters would 
certainly lead to lower investment costs, lower maintenance 
expenditures, ease in complying with regulations and standards 
for safety, ease in acquiring permits and certifications, and 
better possibilities for comparatively straightforward upgrade 
of heat-only boilers or incinerators into cogeneration systems 
by adding a power package to the existing steam unit.  

The end of steam expansion in the proposed turbine is 
assumed at 1 bar (0.1 MPa), i.e. a backpressure turbine feeding 
its exhaust steam into a hot condenser serving a district heating 
network or delivering heat to an industrial process.  

Another option for assuring high specific volume at steam 
turbine inlet is to choose high steam temperature with very low 
steam pressure. Steam specific volume increases at higher 
temperatures but it cannot counteract the mass flow rate effect 
onto the blade height. Table 2 below presents a comparison of 
several steam parameters at turbine inlet and the necessary 
blade height for the first stage of the turbine. The higher 
efficiency suggested by higher steam parameters would be 
eradicated by the losses in the short blades of the first stage. 
The very conservative approach of the last column in Table 2 
provides a reasonable blade height in the first turbine stage and 
assures an acceptable isentropic efficiency.  

 
Table 2: Influence of steam input parameters on the turbine 
geometry for a hypothetic 2 MW steam turbine of 22500 rpm 
Steam Parameters and  
Turbine Characteristics

2 MW 2 MW 2 MW 

Inlet steam pressure (bar) 20 20 20
Inlet steam temperature (oC) 600 450 320 
Specific volume (m3/kg)  0.200 0.164 0.131 
Inlet steam enthalpy (kJ/kg) 3690 3331 3070 
Steam mass flow (kg/s) 1.97 2.93 4.5
Stage loading coefficient 1.85 1.85 1.85 
Rotational speed (rpm) 22500 22500 22500 
Mean radius for the first  
stage in the turbine (m) 

0.113 0.112 0.112 

Radius at hub (m) 0.110 0.109 0.108 
Radius at tip (m) 0.115 0.115 0.116 
Blade height, 1st stage (m) 0.005 0.006 0.008
Tangential velocity at blade 
tip (m/s) 

264 264 264 

Steam axial velocity at stage 
exit (m/s) 

106 106 106 

Degree of reaction  0.08 0.08 0.08 
Outlet steam pressure (bar) 1 1 1 

 
By making an assumption for the loading factor in the 

range of 1.5 – 2; a degree of reaction between 0 – 0.25 could be 
obtained. The dependency of number of stages on the loading 
factor should be kept in mind. The effect of the degree of 
reaction and the loading factor on the enthalpy drop in each 
stage, and hence on the power output, is also taken into account 
when calculating the turbine geometry.  

Steam turbine inlet conditions of 320 oC and 20 bar (2 
MPa) provide a power output at the shaft of around 2 MW with 
a steam mass flow rate of 4.5 kg/s. The mean-line flow path of 
such a turbine has been calculated by the computer software 
AXIAL [1] for an exact estimation of blade and vane profiles 
with associated losses. The simulation results are verified by 
simplified hand calculations. The optimum result suggests a 
four-stage turbine with equally loaded stages and low degree of 
reaction. The main turbine parameters are listed below:  

 Overall isentropic enthalpy drop = 481 kJ/kg 
 Number of stages = 4 
 Degree of reaction = 0.1 
 Mean radius for first stage = 0.112 m 
 Loading factor = 1.85  
 Flow coefficient = 0.4 
 Rotational velocity = 2356 rad/s  
 Vane/blade height for first stage = 8 mm 
As mentioned above, the end of expansion is assumed at 1 

bar whereas the steam is fed into a hot condenser for district 
heating or industrial purposes. The average overall isentropic 
efficiency of steam expansion through the turbine is 80%, quite 
acceptable for a small-scale machine. The electrical efficiency 
of the overall steam cycle in CHP mode can be calculated at 



 6 Copyright © 2012 by ASME 

70%

75%

80%

85%

90%

95%

100%

50%60%70%80%90%100%

speed 
regulation

constant 
speed 
turbine

around 17%. The electrical efficiency can reach up to 21% in 
cold-condensing mode with steam expansion down to 0.04 bar 
(4 kPa). These very low steam parameters are suitable for low-
cost upgrade of existing heat-only boilers into energy efficient 
cogeneration units, or for newly designed small-scale projects 
requiring low specific investment solutions.  

 

OFF-DESIGN PERFORMANCE 
A steam turbine directly coupled to a high-speed electrical 

generator would be independent of the grid connection, thus 
able to be variably speed-controlled. Evaluating the expected 
performance and behavior of such a turbine outside its rated 
load is the main goal of the study reported herein.   

In contrast, the aerodynamic stage design of conventional 
constant-speed turbines aims at flow path optimization for a 
wide range of flow angles covering a given turbine operating 
window, usually very limited in span, outside which the turbine 
rapidly loses efficiency. This is due to the fact that the flow 
geometry in the constant-speed turbine changes as a function of 
the load at any given moment. On the contrary, speed control at 
off-design loads facilitates an aerodynamically optimized 
turbine flow path with retained flow geometry regardless of the 
load.  Figure 5 presents the definition of flow velocity triangles 
governing the fluid flow through a generic turbine stage.  

Fig. 5: Velocity triangles in the absolute and relative 
frames of reference inside a turbine stage. 
 
There are different ways of operating a steam turbine at 

partial load, such as: sliding boiler pressure; throttle valves at 
the inlet; steam bypass; partial admission, etc. All these 
methods aggravate the flow loss mechanisms in the turbine or 
lead to useless throttling of the steam before the turbine inlet. 

When the turbine operates at constant rotational speed the 
losses induced by the conventional regulation methods combine 
with the fact that the aerodynamic stage design is optimized 
mostly for the rated flow angles with only a limited tolerance 
span, as a result of which the efficiency of the turbine drops 
quickly at off-design modes of operation approaching half-load, 
i.e. 50% of design load.  

For the throttling methods of steam input regulation, 
decreasing the pressure of the fresh steam across the regulation 
valves leads to a certain increase in specific volume hence 
increase of the steam volumetric flow for a given mass flow. 
This counteracts to a certain extent the negative effect of 
regulation-induced losses and helps the first stage to deliver 
efficiency close to that at design load conditions. However, the 
stages further down in the turbine would still be negatively 
affected and the overall turbine performance would still drop 
quickly at deep off-design conditions.  

Speed regulation should be able to alleviate these problems 
and deliver high performance at part loads with sustained high 
isentropic efficiency.  

Parametric investigations for the first stage of the 2 MW 
steam turbine described above have been performed at 90%, 
80%, 75%, and 50% loads. The load regulation has been 
achieved by decreasing the rotational speed of the turbine in 
relevance to the decreasing steam input mass flow, respectively 
20,250 rpm;18,000 rpm; 15,000 rpm; and 11,250 rpm.  

The results are summarized in Figure 6, in the form of a 
normalized graph where isentropic efficiency is presented as a 
function of the decreasing power output of the steam turbine.  

 

 
Fig. 6: Simulated normalized power output for the 2 MW 
speed-regulated steam turbine at partial loads, compared 
to a conventional constant-speed turbine. 
 
 
The speed-regulated turbine promises higher efficiency in 

off-design mode compared to the typical performance of a 
constant speed turbine. Combined with the claimed better 
behavior of the high-speed electrical generator itself, the 
proposed high-speed turbogenerator package would certainly 
deliver superior performance at any operating load point 
unrivaled by any conventional constant-speed gearbox 
drivetrain arrangement.  

Additional calculations need to be done in order to confirm 
the results for part loads deeper than 75%. Nevertheless, the 
positive trend for the off-design efficiency of speed-regulated 
turbines is clear.  
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CONCLUSIONS AND DISCUSSION 
High-speed generator technology has matured enough for 

MW-scale applications and is certainly ready for practical 
applications in steam cycles, aiming at an enhanced utilization 
of locally produced low-grade solid fuels with high efficiency 
at affordable costs. High-speed alternators are commercially 
available already. At this moment at least one niche producer 
offers such generators at 2 to 12 MW rated output. Other 
machines of similar power range can certainly be designed and 
manufactured, provided that there is interest.  Once the market 
for high-speed generators starts to grow, large established 
players in the electrical engineering field would surely be able 
to quickly develop and offer their own generator designs.  

The steam turbine suggested herein as a prime mover of 
the reference-case 2 MW high-speed alternator, is a down-to-
earth approach with low steam parameters, which promises 
efficient performance due to the speed control possibility at off-
design modes of operation. Conservatively low steam 
parameters match well with the strive towards simplified 
solutions in terms of lower investment costs, lower 
maintenance expenditures, ease in complying with regulations 
and safety standards, ease in acquiring necessary permits and 
certificates for construction and operation, and the possibilities 
for upgrade of existing utility or industrial heat-only boilers or 
incinerators into cogeneration systems by adding a steam power 
package to the existing boiler unit designed originally for low 
steam pressures and temperatures.  

This study attempts to provoke interest in investors and 
power producers, hopefully leading to a small-scale high-speed 
steam CHP pilot plant where the positive features can be 
proven and field-tested in real conditions.  

Economy calculations and specific recommendations are 
necessary to be performed as future work, as well as an 
independent verification of the simulation results for off-design 
turbine performance. Unfortunately, exact investigations on 
economical feasibility of high-speed generator systems driven 
by steam turbines is not possible at this point of time as these 
machines are not yet available on the mass market and the 
access to information on costs is very restricted. A more applied 
research project or an attempt to construct a pilot plant should 
be able to deliver specific economy data, keeping in mind that 
the steam turbine itself can be considered as a standard product 
and can be delivered by various manufacturers.  
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