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he popularity of steam turbines T in industrial applications is due to 
their relative simplicity, reliability, and 
low maintenance cost. Space require- 
ments for steam turbine drives are 
commonly lower than for reciprocat- 
ing engines. In addition, the founda- 
tion requirements are less than for 
reciprocating engines. 

Industrial steam turbine cogenera- 
tion designs have either “condensing” 
or “backpressure” modes. In the con- 
densing mode, steam from the turbine 
exhaust condenses in a heat exchanger 
similar to the local utility generating 
plant design. An industrial cogenerator 
generally uses the backpressure mode 
for economic reasons unless local util- 
ity rates are excessively high or indus- 
trial fuel cost is low. 

The major economic advantage for 
industrial cogeneration occurs with the 
backpressure mode. The main advan- 

tage is the ability to extract power 
&.om the steam for generation of elec- 
tricity and to exhaust the steam for 
process consumption. Power cogen- 
eration becomes a by-product of the 
prime mover turbine. In the design of 
modern steam turbine drives and co- 
generation plants, it is necessary t~ 
evaluate the economics of the compre- 
hensive plant energy cycle to ensure 
maximum profitability. 

The following factors are compo- 
nents of an energy cycle evaluation: 

Fuel costs 

Purchased power costs 

Mechanical drive efficiency 

Condensing cycle efficiency 

Backpressure cycle efficiency 

Process steam requirements. 
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Types of steam turbines 

The pulp and paper industry uses three 
major types of steam turbines: con- 
densing, backpressure, and automatic 
extraction. The automatic extraction 
units may be either a condensing or a 
noncondensing design. 

Condensing turbines have steam 
admission at a single pressure level 
and steam exhaust at one pressure 
level which is below the atmospheric 
condition. Noncondensing turbines 
have steam admission at one pressure 
level and steam exhaust at a pressure 
equal to or above the atmospheric con- 
dition. Automatic extraction turbines 
have steam admission at one pressure 
level and steam exhaust at one or more 
controlled pressure levels. It is pos- 
sible to direct the exhaust steam to a 
condenser. 

The pulp and paper industry does 
not commonly use other steam tur- 
bine designs such as induction, mul- 
tiple inlet, and reheat. 

Design considerations for small 
drive turbines 

Smallsteamdriveturbinesaregenedy 
less than 10,OOO hp. Major design consid- 
erations for these turbines include inlet 
steam conditions, exhaust steam condi- 
tions, and rotor construction. In their 
simplest design, small drive turbineshave 
single-stage construction. It is possible 
to gain signifkant operating efficiency 
by using multiplestage constxuction, 
however. Figure 1 illustrates the impact 
of turbine multiple stages on operating 
efficiency. 
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I. Evaluation of the design alternatives for small steam drive turbines 

Design A Design 8 Design c Design D Design E Design F Design G 
7 multi- 7 multi- 7 multi- 5 multi- 7 multi- 7 multi- 7 multi- 
stages, stages, stages, stages, stages, stages, stages, 
back- back- back- back- conden- conden- conden- 

pressure, pressure, pressure, pressure, sing sing sing 
low high higher low low high higher 

pressure pressure pressure pressure pressure pressure preswre 

Output, bhp 1,800 
Generator efficiency, % 94.5 
Equivalent output, kW 1,268, 
Inlet steam conditions: 

Pressure, psig 300 
Temperature, "F 520 
Heat value, Btu/lb 1,269 

Backpressure exhaust steam conditions: 
Pressure, psig 1 0 
Temperature, "F 240 
Heat value, Btu/lb 1,064 

Condensing steam conditions: 
Pressure, in. Hg 0 
Temperature, O F  0 
Heat value, Btu/lb 0 

Condenser condensate,Btu/lb 0 
Available enthalpy, Btullb 205 
Theoretical steam rate, 1blhp.h 12.41 
Turbine efficiency, % 72 
Turbine efficiency, % (corrected) 72 
Steam rate, 1blhp.h 12.41 
Actual steam rate, Ib/hp.h 17.24 
Steam rate, Ib/kW.h 16.65 
Total steam, Ib/h 31,024 
Economic evaluation: 

Steam cost, US$/MMBtu 3 
Operating time, daydyear 355 
Energy cost, US$/year 162,562 
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There are a variety of inlet steam 
conditions for operation of the drive 
turbine. In some cases, the existing 
plant steam system configuration may 
establish the conditions. As a rule, one 
will use minimum inlet steam and ex- 
haust pressure levels. Application of 
this rule will ensure minimum energy 
consumption by the drive turbine. 

Application 
Alternative turbine designs were ev 
hated for an 1800 hp steam turbine dri 
en compressor. This size turbine uses m 
ltistage turbine construction to pro 
ide maximum operating efficiency. The 
plant steam system in this example 
has multiple steam pressure levels of 
300 psig, 600 psig, and 1200 psig for 
driving the turbine. A 10-psig steam 
header is available for backpressure 

operation of the drive turbine. There is 1. Effect of turbine stages on efficiency 
sufficient condenser capacity for op- 
eration of the drive turbine in the con- 
densing mode. 

Table I presents a summary of the 
alternative designs for the steam tur- 
bines. Figure 2 illustrates the impact 
of the alternative steam turbine con- 
figurations on operating energy costs. 

Design option A has seven 
multistages and uses 300 psig steam 
pressure with 10 psig backpressure. 
Design options B and C are the same 
except they use 600 psig and 1200 psig 
steam pressure respectively. Design 
option D uses five multistages with 
300 psig steam pressure and 10 psig 
backpressure. Design options E, F, and 
G are condensing units with 27 in. Hg 
pressure and 300 psig, 600 psig, and 
1200 psig pressure respectively. 
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2. Operating energy cost for various small drive turbine designs 3. Relative energy savings for cogeneration turbines 
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Design option A of Fig. 2 using 300 
psig inlet steam and 10 psig backpres- 
sure offers the most economical drive 
turbine operation which is consistent 
with the existing plant steam system 
configuration and no pressure-reduc- 
ing station operation. 

Design considerations for 
cogeneration turbines 

Steam turbine drives for cogenera- 
tion in the pulp and paper industry 
may range from 10,000 hp to 100,000 
hp. The design of these large cogen- 
eration turbines consists of multiple 
stages, advanced rotor and reaction 
blade design, and labyrinth shaft seals 
for optimum operating efficiency. 

A combination of a number of fac- 
tors determines turbine design and 
operating conditions: 

Process steam requirements 

Process power requirements 

Plant steam system configuration 

Local fuel cost 
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Purchased power cost and avail- 
ability. 

Application 
A new turbine generator set is neces- 
sary for process steam and electrical 
generation in an existing facility. The 
existing plant steam system of this 
example has operating pressure lev- 
els of 1200 psig, 600 psig, 300 psig, 150 
psig, 50 psig, and 10 psig. Local fuel 
costs are US$3/MMBtu. Utility power 
cost is U.S.$0.045 per kW*h. Consump- 
tion is at an average rate of 25,000 kW. 

The author evaluated the following 
turbine operating options: straight 
condensing, single extraction and con- 
densing, double extraction and con- 
densing, straight backpressure, and 
double extraction and backpressure. 
Table I1 is a spreadsheet summary of 
operating parameters for these tur- 
bine design options. Figure 3 illus- 
trates the relative energy cost of each 
cogeneration set design. 

Design option K represents the 
most economical operation. It uses 
straight backpressure operation at 10 
psig. Turbine inlet steam pressure has 
little net effect on operating energy 
cost. One can select turbine inlet steam 
pressure using an optimum integra- 
tion with the existing steam configu- 
ration. 

Conclusion 

Careful evaluation of the comprehen- 
sive mill energy balance is a prerequi- 
site for the most economical selection 
and design of steam turbines for drive 
and cogeneration applications. W 
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