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Abstract

In this paper, feed water heating repowering of Shahid Montazeri steam power plant has been studied in three dif-
ferent modes. Efficiencies of energy and exergy have been selected as objective functions. Cycle-tempo software
was used for simulations. In the first case, a low pressure heat recovery heat exchanger and a EGT-RLM600-PC
gas turbine were used. Efficiencies of energy and exergy increase to 3.8% & 3.79% respectively and cooling tower
water temperature difference increases to 0.652oC. In the second case, a high pressure heat recovery heat ex-
changer and a Siemens (KWU) V64.3 gas turbine were used. Efficiencies of energy and exergy increase to 6.68%
and 6.65% respectively. In the third case, both heat recovery heat exchangers are and Westinghouse-401 gas
turbines were used. Efficiencies of energy and exergy increase to 8.93% & 9.05% respectively. This is the best
plan in terms of efficiency and cycle power promotion.

Keywords: Mohammad Montazeri Power Plant, Repowering, Parallel Feed Water Heating, Exergy efficiency,
Cycle-Tempo

1. Introduction

Thermal power plants with steam cycle currently pro-
vide 34.2% of the country’s electricity grid needs [1].
The plants, which are over 18 years old, are among
the main resources. Low efficiency of the plant, after
the introduction of the gas turbine to industry, created
the idea of combined cycle plants. The multi-year track
record of the Iranian power industry shows that many
power plants have used mazot (oil) as their main fuel.
The following parameters are the issues that highlight
the importance of the efficiency of power plants and the
steam cycle power plants:

1. Environmentalists advocate preventive rules on
the prevention of production and emission of pollu-
tants

2. Limited availability of fossil fuel resources
3. Need for a more economic production cycle
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New plants construction is inevitable as Iran is expe-
riencing 0.7% growth in annual consumption of elec-
tricity [2], increasing population, increasing industrial
needs for energy and the increasing influence of more
electrical machines on our daily lives. Meanwhile, the
plan to generate electricity from clean energy sources
and other private sectors has been included in the
agenda of the government. Nevertheless, Iran is de-
ficient in terms of studies and planning in this field and
the generation capacity of its power plants. Therefore,
energy ministry launched a program to construct fos-
sil fuel plants. In recent years, the government’s ap-
proach has been directed toward combined cycle power
plants and the most recently built plants are indeed
combined cycle. However, the repowering of steam
power plants is also on the agenda, involving simul-
taneous multi-objective design. The main benefits of
repowering steam power plants include increased pro-
duction capacity, efficiency of the new cycle, reduced
pollutant emissions and longer useful life of the plant.
In recent years, several studies have been conducted
about steam power plants in Iran [3–7]. In the 1970s,
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when repowering was being widely discussed in North
America and Europe, several executive projects were
done in this field [8–12].

2. Repowering of Steam Power Plants

Iran’s electricity production network faces a combina-
tion of issues with steam power plants. Many of these
plants are reaching—or have reached—the end of their
useful life. In addition, a significant number of steam
power plants do not have acceptable returns in spite of
their relatively short lifespan. Meanwhile, general expe-
riences from other countries in similar situations can be
used to achieve reasonable solutions. Repowering (in
non-solid fuel steam power plants) refers to add-in gas
turbine units of components of the steam cycle, which
is an accepted way to extend the life of old steam cycle
components [13]. Through these affordable operations,
we will meet power and efficiency requirements. When
repowering an existing steam plant, several goals are
pursued. Among these goals we can point to:

1. Increasing the plant’s productivity.
2. Increasing overall efficiency of the new cycle by

optimizing fuel consumption in the existing boiler.
3. Improving environmental performance by reducing

emissions of NOx and other gas pollutants.
4. Extending the useful life of the plant.
5. Sufficiency enhancement of operation.

2.1. Repowering Methods

Repowering methods have two categories which are
applicable in fossil fuel power plants [8].

1. Repowering of non-solid fuel power plants
2. Repowering of solid fuel power plants

Considering the fact that in Iran many of the existing
steam power plants work with non-solid fuel, we in-
vestigate the procedures associated with them. These
methods can be divided into two main categories [9].

1. Complete repowering (HRBR)
2. Partial repowering (PR)

Partial repowering includes the following methods:

1. Hot wind box repowering (HWBR)
2. Feed water heating repowering (FWHR)
3. Supplementary boiler repowering (SBR)

2.2. Feed Water Heating Repowering

Boiler input feed water is pre-heated by hot exhaust
gases from the turbine. Hence existing feed water
heaters are replaced by heat exchangers and turbine
exhaust gas is used instead of steam extracted from the
steam turbine. In the feed water heating method, the
only change in the steam power plant cycle is replace-
ment of the feed water heater. This method can be con-
sidered the simplest repowering method. Since the gas
cycle does not bear a close resemblance to the steam
cycle, every production cycle can be used separately
and they are independent of each other. In this method,
if the gas turbine unit is switched off, the upper produc-
tion limit can be maintained at the initial designed value.
Fig. 1 represents this repowering method. One of the
main limitations of this method is the increased steam
flow that enters the condenser.

2.3. Parallel Feed Water Heating Repowering

As explained in the previous section, one of the main
repowering limitations through feed water heating is the
flow rate of steam through the turbine. As extracted
steam is eliminated in the turbine, the flow rate of steam
at the entrance of the turbine is reduced, but at later
stages of the turbine, the flow rate will be at above
the nominal value and this places limitations on steam
turbine design. As an example, Scusa estimated the
power of steam turbines connected to high pressure
feed water heaters as being between 12% and 16% and
for steam turbines connected to low pressure feed wa-
ter heaters as being between 4% and 6% [10]. Loss
of the condenser vacuum causes a reduction in power
plant efficiency. The condenser vacuum bears a close
relation with ambient temperature [11], the condenser
vacuum increasing as the temperature falls. In the cold
season, the flow rate of steam to condenser can in-
crease and as a result extracted steam flow rate and
cycle efficiency will increase. This occurs in repower-
ing through parallel feeding of water heating. Another
benefit of this project is warm steam heaters. A brief
history of studies in this field is given below:
Shah Nazari et al. [14] focused on the repowering of
a steam power plant. They described minor repower-
ing methods and calculated new power plant cycle effi-
ciency. They also cite technical constraints in slight and
complete repowering.
Maqsoudi et al. [12] analyzed the repowering of paral-
lel feed water and exergy for Shahid Rajai Power Plant.
Having mentioned repowering, they carried out the nec-
essary optimization using the genetic algorithm and ex-
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Figure 1: Schematic of feed water heating repowering [8]

ergy analysis. They concluded that a gas turbine has
an optimal 25 MW capacity. In addition to increasing
the plant power at a rate of 7%, exergy efficiency of the
plant also increases 5%.
Zeki and Durmaz [13] analyzed the influence of hot
wind box repowering on efficiency and CO2 output.
They conducted the study with simulation thermoflex
software. This simulation showed an increase of 11%
to 27% in generated power and a simultaneous reduc-
tion of 7% in generated CO2.
Wolowicz et al. [15] investigated repowering simulation
by feed water heating repowering of a power plant with
unit capacity of 800MW in India. They used gas turbine
model (A PG7161-EC) for the simulation. The results
of this study showed that by this repowering, generated
power increased 20% and thermal efficiency of the en-
tire system at nominal load increased from 43.5% to
44.5%. Baqestani et al. [16] investigated the simulation
of the Qazvin plant cycle with thermoflex software and
offered the best way to deliver repowering using exergy
and economic exergy analysis methods.
Frankle [17] studied the best ways of repowering for
a 300 MW steam plant in Russia. He investigated all
available repowering methods and suggested complete
repowering. According to his calculations, plant effi-
ciency will increase from 38% to 56.8%.
Hosseinalipoor et al. [18] performed a comparative eco-
nomic analysis of steam plant repowering versus set-
ting up new gas plants. The study starts off by intro-
ducing general ways of repowering steam power plants,

then goes on to state the existing potential for repow-
ering Iran’s steam power plant assets. The analysis
showed that the repowering of existing plants is more
affordable.

Asadian and Samadi [19] compared all repowering
methods to improve the performance of Lushan power
plant. In this research hot wind box repowering (HWBR)
and feed water heating repowering (FWHR) were stud-
ied using gas turbines in steam cycle and different
states. It was determined that feed water heating re-
powering was the option of choice for the plant – after
checking the results, and factoring in main plant fuel, in-
vestment costs for adjustments and independent oper-
ation and time of circuit exit and environmental aspects.
The results showed that application of this method in-
creased the power of the plant to 12 MW.

Haghighi and Tanazan [20] investigated the repower-
ing of Be’sat power plant by feed water heating from
technical and economic perspectives. Using thermody-
namic simulation, they looked at the increase in gen-
erated power caused by repowering and the effect on
cycle efficiency. Their finding was that repowering for
this power plant is essential. Moreover, replacement
of all heat converters before the feed water heater was
shown to have more effect on efficiency and generated
power.
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Figure 2: Schematic of Mohammad Montazeri steam cycle

Table 1: Total properties of the Cycle [11]

Operating conditions value

Power produced, MW 200
Power consumption, MW 14
Volumetric flow rate of fuel (natural
gas), Nm3/h

54·103

Heat rate, kJ/kWh 10448.6
Stem flow rate, main line, Ton/h 670
Steam pressure, main line, bar 130
Steam temperature, main line, °C 540
Water temperature, to boiler, °C 247
Stack gas temperature, °C 160
volumetric flow rate of air to burners,
Nm3/h

9.6 ·
105

Number of induced and draft fans 2
Number of burners 12
Combined pump/motor efficiency, % 95

3. Power Plant Cycle Description

Shahid Montazeri Power Plant of Isfahan is located
15 kilometers northwest of Isfahan, along the Isfahan-
Tehran highway next to the Isfahan Refinery in 2.2 mil-
lion m2 of land. This power plant has 8 similar steam
units, each with a capacity of 200 MW, whose technical
specifications are presented in Table 1. The heat cycle
of this power plant is a Rankine cycle, whose heat pro-
cesses are briefly shown in Fig. 2. Each of the units in

this power plant has a water-steam circuit as follows:

Distilled water with a temperature of 45.6◦C enters the
first-stage pumps from the condenser and is subjected
to a pressure of up to 9 atm. Then, it enters the polish-
ing plant and its purity increases after passing through
the filters. In the next stage, its pressure increases up
to 19.5 atm by second-stage pumps after passing the
ejector and gland condenser and enters low pressure
heaters after passing through low pressure heater No.1
and the gland cooler. In low pressure heaters, feed wa-
ter is heated up to 157◦C by the steam extracted from
the turbines. The water leaving low pressure heaters
enters the deaerator and is deaerated in this stage. It
is then subjected to pressure of 180 atm by the boiler
feed pumps and is directed into high pressure heaters.
In the high pressure heaters, feed water is heated up
to 245 ◦C and reaches 320 ◦C after passing through
the economizer and absorbing the heat from the smoke
leaving the boiler and enters the drum. In the boiler, wa-
ter and steam re-enter the drum after water enters from
the drum to wall tubes and after heat transfer through
burners, and its steam is separated and directed into
the super-heaters and is heated up to 540◦C. The dry
steam leaves the boiler at a pressure of 130atm and
temperature of 540◦C and enters the high pressure tur-
bine. The steam leaving the high pressure turbine is
reheated in the boiler up to 540◦C and enters the in-
termediate pressure turbine with pressure of 24.5 atm
and then enters the low pressure turbine after leaving
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the intermediate pressure turbine. The steam leaving
the low pressure turbine is also mixed with the cooled
water in the condenser and is converted to water and
passes through the same route again.

3.1. Repowered Cycle
There are several ways to optimize parallel feed water
heating repowering. Some of the main parameters con-
sidered for repowering and used as target functions are:
final cycle efficiency, fuel consumption reduction, gen-
erated power increase and reduction of environmental
pollutants. In this research, exergy efficiency is used
as a target function and we will carry out optimizations
knowing that exergy efficiency includes general condi-
tions of the repowered power plant. Two heat recovery
heat exchangers are used for the repowering. A low
pressure heat exchanger is placed on the feed water
path before the deaerator water entrance. This heat
exchanger receives gland cooler water and passes it
to the deaerator. A high pressure heat exchanger is
placed on the feed water path next to the boiler feed
water pumps. An increase in feed water temperature
occurs in this heat exchanger at the boiler entrance.
Considering the final explanations, new heat exchang-
ers were installed parallel to existing heat exchangers.
In Fig. 3, the project implementation is observed for
Shahid Montazeri power plant. Due to the differences in
condenser vacuum occurring through the year caused
by fluctuations in environmental temperature, the steam
flow rate/condenser should be controlled. When the
environment temperature falls (in winter) the cooling
power of the cooling tower will rise accordingly. In the
feed water heating method, if cycle water heating by the
gas turbine is increased, the steam flow rate for feed
water heating will reduce and the steam flow rate in the
final stages of the turbine and entering the condenser
will also increase. Here, we compare condenser steam
flow rate in various feed water flow rates to the heat re-
covery heat exchanger, assuming there are no restric-
tions on the steam flow rate of low and high pressure
turbines.

1. The passed flow rate of the high pressure heat re-
covery heat exchanger is assumed to be 0 and the
passed flow rate of the low pressure heat recov-
ery heat exchanger is assumed to be variable from
10 kg/s to 140 kg/s and, in this case, the required
steam flow rate for high pressure heaters is invari-
able and for low pressure heaters is variable.

2. In spite of the first case, the passed flow rate of
the low pressure heat recovery heat exchanger is

assumed to be 0 and the passed flow rate of the
high pressure heat recovery heat exchanger is as-
sumed to be variable at 10 kg/s to 140 kg/s and
in this case the required steam flow rate for low
pressure heaters is invariable and for high pres-
sure heaters is variable and will be reduced by the
passed water flow rate of the heat exchanger.

3. This is a combination of the previous cases. The
passed flow rate of both heat recovery heat ex-
changers is variable at 10 kg/s to 140 kg/s. In this
case the passed water measure is equal for both
heat exchangers. Optimized gas turbines are used
for feed water heating in the heat recovery heat ex-
changer. In the first case, gas turbine model EGT
RLM-6000PC is used, in the second case gas tur-
bine model Siemens (KWU) V64.3, and in the third
case gas turbine model Westinghouse 401.

4. Assumptions made in repowering calculations

1. Entering steam pressure to extractions is calcu-
lated by Stodda law [21], Cycle-Tempo software
does this process automatically.

2. Elected feed water heaters and all heat ex-
changers except the deaerator are considered as
counter flow heat exchangers.

3. Sprays that are used to control temperature be-
tween the heat exchangers upside in the boiler in
all simulations are ignored. In order to prevent an
increase in steam and heaters’ upper pipe tem-
perature, these sprays are used and their water is
supplied from feed water pump output.

4. In order to achieve optimal conditions, the gen-
erated charge by steam turbines in all cases has
been fixed at 200 MW. The reason for this is
prevention of steam cycle generation losses. All
parameters are checked to compensate potential
shortages in the cycle and we record necessary
changes to offer the proper solution.

5. Since the condenser vacuum is one of the im-
pressible parameters in the feed water heating
method, it is assumed to be invariant. Therefore,
in all cases, the required flow rate for circulated
cooling water is calculated and a proper range is
defined for it.

6. In the deaerator, the feed water degassing process
is done by water saturation. For this purpose we
use steam extracted from the intermediate pres-
sure turbine. Non-saturated gases are separated

— 292 —



Journal of Power Technologies 95 (4) (2015) 288–301

Figure 3: Schematic of repowered cycle in Cycle-Tempo

from the water and driven out of system. In sim-
ulations the pressure of this system is considered
invariable and equal to the design value. So the
input steam flow rate is a function of entrance feed
water.

7. In order to preserve all thermodynamic parameters
of the boiler, pressure and temperature on input
and output are assumed to be identical to the first
case.

8. Passed steam flow rate of all turbines stages is as-
sumed to be without restriction.

9. Gas turbine with set capacity is used. For this pur-
pose, we chose the best gas turbine from among
several options.

10. Reduction in temperature of the exhaust gas is as-
sumed to be 0 from the gas turbine to the high
pressure heat exchanger and from the high pres-
sure converter to the low pressure input and its
temperature reduction equivalent is considered in
heat exchangers. 800 kW heat loss for the low
pressure heat recovery heat exchanger and 1020
kw for the high pressure heat recovery heat ex-
changer are considered [11].

11. All processes are done in steady state.
12. Exergy analysis is done based on the lower heat

value of natural gas.
13. Environmental conditions for calculation of exergy

are considered invariable: T=287.15 K , p =
101.325 kPa.

14. For environmental air, standard conditions defined
in software are used.

15. Since we follow pure cycle efficiencies, consump-
tion power of all pieces of equipment active in the
cycle, including fans, pumps and other auxiliary
power consumptions, are defined in the plan.

5. Dominant Equations

To perform the necessary calculations, we use exergy
balance equations in a control volume and mass sur-
vival principle and thermodynamics first laws. To use
the first law of thermodynamics the energy balance
form should be used for standard volume. This equa-
tion is as below [22]:

dEC.V

dt
=

∑
ṁi(hi+

v2
i

2
+gzi)−

∑
ṁe(he+

v2
e

2
+gze)+ Q̇CV −ẆCV (1)

For exergy balance in a control volume the following
equation can be used [22]:

sum
(
1 −

To

T

)
Qk +

∑
(ṁiψi) =

∑
ψW +

∑
(ṁoψo) + İdes (2)

In control volume for irreversibility explanation the fol-
lowing equation is used [22]:
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İCV = (
∑

ṁiψi−
∑

ṁoψo)+
∑

(1−
To

T
)Qcv− ẆCV (3)

In exergy calculation of all cycle equipment, we
should calculate all exergy flows. Exergy calculation for
single-phase flows such as water or steam flow is car-
ried out easily. For this action the following equation is
used [21]:

ψ = (h − ho) − To(s − so) (4)

For transferred exergy by heat [21]:

ψQ = Q(1 −
To

T
) (5)

The necessary calculations are done in order to se-
lect or design required heat exchangers. In this section,
calculations are carried out to determine the required
thermal capacity for converters. The rate of exchanged
heat in these heat exchangers is equal to the required
amount for feed water heating, which we will explain
below:

Q̇LPFWH = ṁLPFWH(hout ,LPFWH − hin,LPFWH) (6)

Q̇HPFWH = ṁHPFWH(hout ,HPFWH − hin,HPFWH) (7)

To calculate cycle exergy efficiency the following
equation is used [22]:

η2,cc =

∑n
i=1 Ẇi∑n

i=1 ĖX f
(8)

Due to the fact that the consumption fuel is natural
gas, to calculate consumption fuel special exergy the
following equation is used [23]:

n∑
i=1

ĖX f = ĖX f ,st + ĖX f ,gt (9)

n∑
i=1

Ẇi = Ẇst + Ẇgt (10)

To calculate fuel exergy of cycle input the following
equation is used [23]:

ĖX f = ψ f × ṁ f (11)

To calculate the exergy of natural gas we use the fol-
lowing equation [23]:

Figure 4: Value diagram of feed water along steam flash heaters

ψ f = ξ × LHV f (12)

where the amount of ξ depends on the chemical
composition of the consumption fuel and is expressed
in numerous experimental values in different refer-
ences. In order to calculate the rate of cycle fuel in-
put, fuel consumption in the steam cycle boiler and
gas turbine must be calculated separately. To calculate
steam cycle boiler fuel consumption we use the follow-
ing equation [22]:

ṁ f ,b =
Q̇boiler

LHV f
(13)

In order to calculate QB, we use energy balance in
the boiler [23]:

Q̇B =
ṁ f w,i(ho,B − hi,B) + ṁreh(ho,reh − hi,reh)

η1,B

(14)

η1,B value for Shahid Montazeri power plant boiler
comes to 90.55 percent [11]. To calculate Qgt , the en-
ergy balance in combustion chamber of the gas turbine
is used [23]:

Q̇gt =
ṁair,i(ho,c.ch − hi,c.ch)

η1,c.ch

(15)

6. Results View

Here we will see the total results for the repowering sim-
ulation by parallel feed water heating in the third case;
afterwards results are presented separately for each of
the triple cases. In Figs 4 and 5, illustrate the exergy

— 294 —



Journal of Power Technologies 95 (4) (2015) 288–301

Figure 5: Value diagram of feed water along heat recovery heat
exchangers

Figure 6: T − s diagram of repowered cycle in third case

behavior value diagram for water heating track in steam
heaters and heat recovery heat exchangers in the third
case and the 140 kg/s flow rate for heat recovery heat
exchangers. As you can see, in this case feed wa-
ter heaters have a small share of feed water heating,
and heat recovery heat exchangers have the maximum
value of heating. Unlike the other heat exchangers in
the cycle, the deaerator is known as a parallel flow heat
exchanger, as can be observed well in Fig. 4, Using
these diagrams, we can conclude that heat recovery
heat exchangers have more exergy loss than steam
flash heaters. Figs 6 and 7 show T − s and h − s di-
agrams for the repowered cycle by parallel feed water
heating in the third case. The diagrams are used for
recycle thermodynamic behavior analysis.

6.1. First case

In Fig. 8 we can see pure energy and exergy efficiency
differences of cycle versus low pressure heat recovery

Figure 7: H − s diagram (Mollier) of repowered cycle in third case

heat exchanger passed flow rate. In this case exergy
and energy efficiencies start from 68.33% and 64.3%
respectively with 0 flow rate and increase to 34.9%
and 35.9% respectively after the passed flow rate from
the low pressure heat recovery heat exchanger in-
creases to 140 kg/s. In Fig. 9 the required water flow
rate changes in the cooling tower are seen in different
passed flow rates of the low pressure heat exchanger in
various temperature differences in the cooling tower. In
Fig. 10 steam flow rate differences in the low pressure
heaters and deaerator are shown against low pressure
passed water flow rate changes. Clearly, entered steam
flow rate to all of the heaters is reduced by the increase
in passed flow rate from the low pressure heat recovery
heat exchanger. In this case the entered steam flow
rate to the deaerator is 2.16 kg/s. If the low pressure
heat recovery heat exchanger passed water flow rate
is 0, after an increase in passed flow rate of the low
pressure heat recovery heat exchanger to 140 kg/s, the
same amount will be reduced to 2.12 kg/s. After an in-
crease in passed water flow rate of the heat recovery
heat exchanger, the high pressure turbine steam flow
rate is reduced (showing an increase in cycle efficiency)
and the entered steam flow rate to the condenser in-
creases (showing an increase in cooling power). In
Fig. 11 we can see entered steam changes to the high
pressure turbine and condenser and passed water from
the low pressure steam flash heaters versus changes
in passed water from the high pressure heat recov-
ery heat exchanger. It is clear that an increase in the
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Figure 8: Variation of energy and exergy efficiencies of cycle across
water mass flow rate along heat recovery heat exchanger in first
case

Figure 9: Variation of condenser cooling water across water mass
flow rate along heat recovery heat exchanger in first case

passed water flow rate from the low pressure heat re-
covery heat exchanger will increase the entered flow
rate to the condenser and will reduce the entered flow
rate to the high pressure turbine.

6.2. Second case

In Fig. 12 we can observe changes in cycle energy
and exergy efficiencies versus passed water flow rate
changes of the high pressure heat exchanger, which
starts from 33.8% and 32.84% respectively when the
flow rate is 0 and increases to 36.1% and 35.0% when
the passed flow rate from the high pressure heat recov-
ery heat exchanger increases to 140 kg/s. In Fig. 13,
changes in the cooling tower required water flow rate
in various passed water flow rates from the high pres-
sure heat recovery heat exchanger are seen in vari-

Figure 10: Variation of steam flow rate of steam flash heat ex-
changers across water mass flow rate along heat recovery heat
exchanger in first case

Figure 11: Variation of flow rates in major points across water mass
flow rate along heat recovery heat exchanger in first case

ous temperature differences in the cooling tower. If
we assume the available flow rate of rotatory water in
the cooling water is 0, and in the high pressure heat
recovery heat exchanger a passed water flow rate of
100 kg/s, a temperature difference equal to 10.3oC is
needed for the cooling tower water. As we can see,
in this case despite a greater increase in cycle effi-
ciency than in the first case, a lower temperature in-
crease is required. Therefore, the first case is better
than the second case. In Fig.14 we can see the steam
flow rate changes to the deaerator and high pressure
heaters versus passed water flow rates from the high
pressure heat recovery heat exchanger. As we can
see, the increase in passed water flow from the high
pressure heat recovery heat exchanger will reduce the
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Figure 12: Variation of energy and exergy efficiencies of cycle
across water mass flow rate along heat recovery heat exchanger
in second case

Figure 13: Variation of condenser cooling water across water mass
flow rate along heat recovery heat exchanger in second case

required steam flow rate of high pressure heaters and
will increase the required steam flow rate of the deaer-
ator. The required steam flow rate for the deaerator in
normal condition (simple cycle) is 2.16 kg/s which, af-
ter the passed water flow rate from the high pressure
heat recovery heat exchanger increases to 140 kg/s,
will increase to 2.65 kg/s. In Fig. 15 we can see the
entered steam changes to the high and low pressure
turbines, condenser and passed water from the high
and low pressure steam flash heaters versus changes
in passed water from the high pressure heat recovery
heat exchanger. It is clear that an increase in passed
water flow rate from the high pressure heat recovery
heat exchanger will increase the entered flow rate to
the condenser, intermediate pressure turbine and low
pressure heaters and will reduce the entered flow rate

Figure 14: Variation of steam flow rate of steam flash heat ex-
changers across water mass flow rate along heat recovery heat
exchanger in second case

Figure 15: Variation of flow rates in major points across water mass
flow rate along heat recovery heat exchanger in second case

to the high pressure turbine and high pressure heaters.

6.3. Third case

In Fig. 16 we can see net efficiencies for cycle energy
and exergy versus the passed water flow rate from the
heat recovery heat exchangers. In this case, energy
and exergy efficiencies start from 34.4% and 33.296%
respectively. When the flow rate is 0 and after the
passed flow rate from heat recovery heat exchangers
increases to 140 kg/s, it will increase to 37.4% and
36.3%. In Fig. 17 the required water flow rate of the
cooling tower in various passed water flow rates from
the heat recovery heat exchangers is seen in various
temperature differences in cooling tower water. If we
assume that the available flow rate for rotatory water
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Figure 16: Variation of energy and exergy efficiencies of cycle
across water mass flow rate along heat recovery heat exchangers
in third case

Figure 17: Variation of condenser cooling water across water mass
flow rate along heat recovery heat exchangers in third case

of the cooling tower is invariable, a temperature dif-
ference of 10.9oC is required for cooling tower water
when the passed flow rate from heat recovery heat ex-
changers is 100 kg/s, which is more than the values in
the last two cases and shows that, in the third case,
the required power for the cooling tower is more than
in the first and second cases. In Fig. 18 the required
steam flow rate changes for all of heaters and deaer-
ators can be seen versus differences in passed water
flow rate from heat recovery heat exchangers. By in-
creasing the passed water flow rate from heat recovery
heat exchangers, the steam flow rate of all heaters will
be reduced. While the required steam flow rate for the
deaerator increases, the entered water flow rate to the
deaerator increases. In this case, the entered steam

Figure 18: Variation of steam flow rate of steam flash heat exchang-
ers across water mass flow rate along heat recovery heat exchang-
ers in third case

Figure 19: Variation of flow rates in major points across water mass
flow rate along heat recovery heat exchangers in the third case

flow rate to the deaerator will change from the first case
(normal cycle: 2.16 kg/s) to 2.56 kg/s when the water
flow rate is 140 kg/s for heat recovery heat exchangers.
In Fig. 19 the entered steam flow rates to the high and
low pressure turbines, condenser and the passed wa-
ter from the high and low pressure heaters can be seen
versus changes in passed water from the heat recov-
ery heat exchangers. When the passed water flow rate
from the heat recovery heat exchangers increases, we
will have an increase in the entered steam flow rate to
the condenser solely and the other cases will be de-
creased.
In Figs. 20 and 21, the exergy and energy efficiency
changes are seen respectively versus changes in the
passed water flow rate from the heat recovery heat ex-
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Figure 20: Variation of exergy efficiencies of cycle across water
mass flow rate along heat recovery heat exchangers in all cases

Figure 21: Variation of energy efficiencies of cycle across water
mass flow rate along heat recovery heat exchangers in all cases

changers in all three cases. As we can see, the third
case has a steeper gradient of increase in efficiencies
than the other two. The starting points of these lines are
dependent on optional gas turbines. Nevertheless, the
efficiency increase rate is not dependent on the turbine
model alone.
In Fig. 22 the required water flow rate changes in the
cooling tower are seen versus changes of the passed
water flow rate from the heat exchangers in all three
cases. For the purposes of calculating the required wa-
ter flow rate for the cooling tower in this figure, the pos-
sible temperature difference for the cooling tower is as-
sumed at 10◦C. The second case is seen to have a less
negative effect on condenser vacuum.
In Fig. 23 changes of the entered steam flow rate to
the high pressure turbine are seen versus changes of

Figure 22: Variation of cooling water across water mass flow rate
along heat recovery heat exchangers in all cases

Figure 23: Variation of inlet steam to HP turbine across water mass
flow rate along heat recovery heat exchangers in all cases

the passed water flow rate from the heat recovery heat
exchangers in all three cases. The entered steam flow
rates to the high pressure turbine, which is 182 kg/s
in a simple cycle, for cases 1 to 3 are: 174, 165 and
158 kg/s respectively, with a 140 kg/s passed water
flow rate from the heat recovery heat exchangers. Re-
duction of this parameter entails a steam generation
decrease in the existing boiler. A reduction in steam
generation in addition to a reduction in fuel consump-
tion leads to an increase in combustion efficiency in the
boiler and reduces pollutant emissions and consump-
tion in the power plant. In light of the above descrip-
tions, the third case with its implementation of parallel
feed water heating repowering, is the best case for min-
imizing boiler costs.
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7. Conclusion

This article presents an analysis of parallel feed water
heating repowering of Shahid Montazeri power plant in
Iran. For the repowering of a steam power plant, a gas
turbine and two heat recovery heat exchangers were
to be replaced by high and low pressure steam flash
heaters. Three cases for repowering were suggested
separately and in every case, using appropriate turbine,
the results were checked. Energy and exergy efficien-
cies of the repowered cycle were selected as target
functions. In every case the new net efficiency values
of exergy and energy and changes in condenser vac-
uum, were analyzed carefully. Meanwhile having con-
denser vacuum as a non-variable, we considered the
entered steam flow rate to the condenser in the case
of changes in temperature difference in respect of the
cooling water. Cooling tower modeling in the power
plant is carried out at 16.1◦C and in this case, temper-
ature differences for cooling tower water circulation is
10◦C. With environmental temperature, increasing the
cooling tower temperature difference is less possible.
Therefore in addition to calculating the required tem-
perature difference in every case, we can get cycle effi-
ciency changes in different environment temperatures
at different steam extraction flow rates. Calculations
related to efficiencies and required temperature differ-
ences in cooling tower flow rates from heat exchang-
ers passed water in 100 kg/s were made. In the first
case, the heat recovery heat exchanger is used. This
project, in spite of its affordability, will have the most
negative effects on condenser vacuum. In this case
an EGT-RLM6000-PC gas turbine is used. Generated
power, energy efficiency, exergy efficiency and water
temperature difference in the cooling tower increased
to 43.0 MW, 3.8%, 3.79% and 0.652◦C, respectively. In
the second case, the costs are higher, because high-
pressure heat exchangers are more expensive to pro-
duce than low pressure heat exchangers. By imple-
menting this project and using a Siemens V64.3 (KWU)
gas turbine, the cycle power, energy and exergy effi-
ciency and water temperature difference increased to
63 MW, 6.68 %, 6.65% and 259◦C, respectively. In the
third case a Westinghouse gas turbine was used and
both high and low pressure heat exchangers were eem-
ployed. In this case, the cycle power, energy efficiency,
exergy efficiency and water temperature differences in-
creased to 85.9 MW, 8.93%, 9.05% and 0.87◦C respec-
tively. This case is the best project in terms of cycle
efficiency and power increase, but it entails the most

negative effect on condenser vacuum.
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Nomenclature

0 Reference conditions of ambient

R̄ World Constant for gases

İdes Destroyed exergy, kW

η1 First low efficiency

η2 Second low efficiency

ψ specifi exergy, kW/kg

ε Chemical exergy of fuel

ξ Exergy coefficient of fuels

a air

c.s Control surface

c.v Control volume

cch Combustion chamber

des destroyed

f fuel

f w Feed water

g gas

i inlet

o outlet

r relative

reh reheat

B Boiler

BFP Boiler feed water pump

CP-1st First stage Condensate pump

CP-2st Second stage Condensate pump

E Total energy, kJ

e Specific energy, kJ/kg

Ex Flow exergy, MW

G Gibbs function

h Specific enthalpy, kJ/kg

HPFWH High pressure feed water heater

HPH High pressure heater

LHV Lower heating value

LPFWH Low pressure feed water heater

LPH Low pressure heater

m Mass flow rate, kg/s

P pressure, bar

Q Heat, kW

s Specific entropy, kJ/kgK

st Steam turbine

T Temperature, ◦C

t Time, s

v Velocity, m/s

W Work, kW

Z Elevation, m
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