
DESCRIPTION 

TITLE OF INVENTION 

BOILER WATER SUPPLY PREHEATER SYSTEM AND BOILER WATER SUPPLY 

PREHEATING METHOD 

5 Technical Field 

[0001] 

The present invention relates to a boiler water supply preheater system and a 

method of preheating a boiler water supply. 

Priority is claimed on Japanese Patent Application No. 2013-155754, filed July 

10 26, 2013, the content of which is incorporated herein by reference. 

Background Art 

[0002] 

In the technical field of boilers, for example, as in an exhaust heat recovery 

15 boiler disclosed in Patent Document 1 described below, a water supply method of 

converting (vaporizing) the water supply into water vapor after previously heating 

(preheating) the water supply using an exhaust gas (hot gas) of a gas turbine is performed. 

That is, the water supply method includes heating (pre-heating) the water supply with the 

combustion exhaust gas using a heat exchanger. In the boiler system using such a water 

20 supply method, the water supply after the preheating is converted into the water vapor in 

a boiler main body. 

Document of Related Art 
[Patent Document] 

[0003] 

25 [Patent Document 1] 



2 

Japanese Unexamined Patent Application, First Publication No H08-93412 

Summary of Invention 

Technical Problem 

[0004] 

5 Incidentally, the above-described water supply method is a measure for 

improving the energy efficiency (boiler efficiency) of the boiler system. However, 

recently in the boiler market, an improvement in an amount of recovery of available 

energy in the boiler system is desired rather than a simple increase in boiler efficiency. 

Therefore, it is necessary for boiler manufacturers to precisely answer the needs of the 

10 market. 

Further, the available energy is a thermodynamic concept also called exergy. and 

is generally known as energy that is possible to be extracted as the mechanical work from 

a system. The available energy in the present invention refers to energy (amount of 

work) that can be recovered as mechanical work (power such as electricity) of the total 

15 energy included in a heat source of the boiler. 

[0005] 

An object of the present invention is to provide a boiler water supply preheater 

system and a method of preheating the boiler water supply in which a recovery amount 

of the available energy is higher than in the related art. 

20 Solution to Problem 

[0006] 

According to a first aspect of the present invention, there is provided a boiler 

water supply preheater system which preheats water (boiler water supply) supplied to a 

boiler by a predetermined preheating means, wherein the preheating means is a thermal 

25 cycle which moves heat of a waste heat source in the boiler to the boiler water supply to 



perform preheating and generates electric power using a predetermined heat medium. 

[0007] 

According to a second aspect of the boiler water supply preheater system of the 

present invention, in the first aspect, the preheating means may be equipped with an 

auxiliary heat exchanger which exchanges heat between the waste heat source and the 

boiler water supply to preheat the boiler water supply, in addition to the thermal cycle. 

[0008] 

According to a third aspect according to the boiler water supply preheater 

system of the present invention, in the first or second aspect, the waste heat source may 

be drained hot water obtained by using the water vapor generated by the boiler as a 

predetermined application. 

[0009] 

According to a fourth aspect of the boiler water supply preheater system of the 

present invention, in the third aspect, the heat medium may be a low-boiling-point heat 

medium having a lower boiling point than water. 

[0010] 

According to a fifth aspect of the of the boiler water supply preheater system of 

the present invention, in the first or second aspect, the waste heat source may be a 

combustion exhaust gas generated in the combustor of the boiler. 

[0011] 

According to a sixth aspect of the of the boiler water supply preheater system of 

the present invention, in the fifth aspect, the heat medium may be a high-boiling-point 

heat medium having a higher boiling point than water. 

[0012] 

Moreover, according to another aspect of the present invention, there is provided 



a method of preheating a boiler water supply in which water (a boiler water supply) 

supplied to a boiler is preheated, the method including: moving heat of a waste heat 

source in the boiler to the boiler water supply to perform preheating and generating 

electric power using a predetermined thermal cycle. 

Effects of the Invention 

[0013] 

According to the present invention, since the system has a thermal cycle which 

moves heat of a waste heat source in the boiler to the boiler water supply to perform 

preheating and generates electric power, it is possible to provide a boiler water supply 

preheater system and a method of preheating the boiler water supply which have a higher 

recovery amount of available energy (exergy) than the related art in which heat is simply 

exchanged between a waste heat source and a boiler water supply to preheat the boiler 

water supply. 

Brief Description of Drawings 

[0014] 

Fig. 1 is a system configuration diagram of a boiler water supply preheater 

system according to an embodiment of the present invention. 

Fig. 2 is a characteristic diagram illustrating the operation of the boiler water 

supply preheater system according to an embodiment of the present invention. 

Description of Embodiments 

[0015] 

Hereinafter, a boiler water supply preheater system according to an embodiment 

of the present invention will be described with reference to the drawings. 

[0016] 

A boiler water supply preheater system 1 of the present invention preheats water 
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(boiler water supply W2) supplied to a boiler using drained hot water W1 as illustrated in 

Fig. 1, and is configured to include a Rankine cycle R and an auxiliary heat exchanger H. 

The drained hot water W1 is, for example, hot water of about 100 to 130 °C which is 

obtained as a result of using the water vapor generated in the boiler as a predetermined 

5 application. For example, in the case of a boiler that generates the water vapor for 

driving a steam turbine, the drained hot water W1 is condensed water which is recovered 

by condensation of the water vapor by driving the steam turbine. The boiler water 

supply W2 is water supplied to the boiler as described above, and dependence of the 

boiler on the system configuration, but for example, is about 20 to 50 °C, and preferably 

10 30 °C. 

[0017] 

The Rankine cycle R is a thermal cycle using a heat medium M (a 

low-boiling-point heat medium) with a boiling point lower than water, and includes a 

first heat exchanger rl, a second heat exchanger r2, a pump r3, a turbine r4 and a 

15 generator r5 as illustrated in Fig. 1. The heat medium M, for example, is benzene, a 

fluorocarbon, a silicone oil, etc. 

[0018] 

The first heat exchanger rl is a device which exchanges heat between the heat 

medium M of the liquid state supplied from the pump r3 and the drained hot water Wl. 

20 The heat medium M of the liquid state is changed to a gaseous state by being heated in 

the first heat exchanger rl, and is supplied to the turbine r4. That is, the first heat 

exchanger rl functions as a vaporizer for the heat medium M and functions as a cooler 

for the hot water W1. 

[0019] 

25 The second heat exchanger r2 is a device which exchanges heat between the heat 
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medium M recovered from the turbine r4 and the boiler water supply W2, The heat 

medium M enters a fully condensed liquid state by being cooled in the second heat 

exchanger r2 and is supplied to the pump r3. That is, the second heat exchanger r2 

functions as a condenser for the heat medium M and functions as a heater for the boiler 

5 water supply W2. 

[0020] 

The pump r3 is provided between the first heat exchanger r l and the second heat 

exchanger r2 as illustrated to circulate the heat medium M within the Rankine cycle R. 

The turbine r4 is a power source which rotates using the heat medium M of the gaseous 

10 state supplied from the first heat exchanger rl as a driving medium, and is provided 

between the first heat exchanger rl and the second heat exchanger r2 as illustrated. 

That is, the heat medium M of the gaseous state supplied to the turbine r4 is a 

compressed gas vaporized in the first heat exchanger rl, and generates rotational power 

in the turbine r4. A rotary shaft of the generator r5 is axially coupled to the turbine r4, 

15 and generates AC power P by rotating through the turbine r4. 

[0021] 

In such a Rankine cycle R, the heat medium M of the liquid state is supplied to 

the first heat exchanger rl from the second heat exchanger r2 via the pump r3, and the 

heat medium M of the gaseous state is supplied to the second heat exchanger r2 from the 

20 first heat exchanger rl via the turbine r4. In other words, in the Rankine cycle R, the 

heat medium M circulates through the second heat exchanger r2, the pump r3, the first 

heat exchanger rl and the turbine r4, while repeating the state changes between liquid 

and gas. 

[0022] 

25 In addition, such a Rankine cycle R moves heat of the drained hot water W1 to 
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the boiler water supply W2 by passing through the heat medium M to heat the boiler 

water supply W2 (temperature rise), and generates the power by driving the turbine r4 

using the heat medium M. That is, the Rankine cycle R in this embodiment has both the 

heat transportation function and the power generation function. 

5 [0023] 

The auxiliary heat exchanger H is a device which exchanges heat between the 

drained hot water W1 passing through the first heat exchanger rl and the boiler water 

supply W2 passing through the second heat exchanger r2. The temperature of the 

drained hot water W1 supplied to the auxiliary heat exchanger H from the first heat 

10 exchanger rl is at a temperature higher than the temperature of the boiler water supply 

W2 supplied to the auxiliary heat exchanger H from the second heat exchanger r2. 

Thus, the boiler water supply W2 is further heated (temperature rise) in the auxiliary heat 

exchanger H. 

[0024] 

15 The boiler water supply W2 passing through the auxiliary heat exchanger H is 

hot water which is temporarily preheated by the Rankine cycle R and is further 

secondarily pre-heated by the auxiliary heat exchanger 11, and is supplied to the boiler as 

the preheated water. Meanwhile, the drained hot water W1 passing through the Rankine 

cycle R is cooled by the auxiliary heat exchanger IT, and is supplied to a waste water 

20 processing device, while being further cooled by the auxiliary heat exchanger H. 

[0025] 

Next, the operation of the boiler water supply preheater system of the present 

invention thus configured will be described in detail with reference to Fig. 2. 

[0026] 

25 In the boiler water supply preheater system of the present invention, the drained 
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hot water W1 first passes through the first heat exchanger rl, and is supplied to the waste 

water processing device after further passing through the auxiliary heat exchanger H. 

Meanwhile, the boiler water supply W2 passes through the second heat exchanger r2, and 

is supplied to the boiler as preheated water after passing through the auxiliary heat 

5 exchanger H. For example, the drained hot water W1 is cooled to, for example, 80 to 

90 °C by heat exchange with the heat medium M of the liquid state in the first heat 

exchanger rl, and meanwhile, the boiler water supply W2 is heated (preheated), for 

example, to the vicinity of 40 °C by heat exchange with the heat medium M of the 

gaseous state in the second heat exchanger r2. 

10 [0027] 

Further, the drained hot water W1 is cooled, for example, to the vicinity of 50 °C 

by heat exchange with the boiler water supply W2 in the auxiliary heat exchanger H, and 

meanwhile, the boiler water supply W2 is heated (preheated), for example, to the vicinity 

of 65 °C by heat exchange with the drained hot water W1 in the auxiliary heat exchanger 

15 H. That is, since the heat of the drained hot water W1 moves to the boiler water supply 

W2 by the Rankine cycle R and the auxiliary heat exchanger IT, the boiler water supply 

W2 is heated (preheated), for example, to the vicinity of 65 °C. 

[0028] 

Fig. 2 is a characteristic diagram illustrating the mutual heat exchange state of 

20 the drained hot water W1, the boiler water supply W2 and the heat medium M by a 

relation between the amount of heat exchange (horizontal axis) and the temperature 

(vertical axis). In Fig. 2, the solid line indicates the heat exchange state of the drained 

hot water Wl, the dashed line illustrates the heat exchange state of the boiler water 

supply W2, and the broken line indicates the heat exchange state of the heat medium M. 
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[0029] 

First, an area B-D of the horizontal axis indicates a heat exchange process 

between the boiler water supply W2 and the heat medium M of the gaseous state in the 

second heat exchanger r2, and a total heat quantity QBD moves from the heat medium M 

5 of the gaseous state to the boiler water supply W2. That is, in the area B-D, the 

temperature of the boiler water supply W2 rises from about 30 °C (initial temperature) to 

the vicinity of about 40 °C, and meanwhile, the heat medium M of the gaseous state 

sequentially changes from gas to liquid at a predetermined condensation temperature. 

Further, an area D-C of the horizontal axis indicates a heat exchange process in which the 

10 heat medium M of the gaseous state is cooled to the vicinity of the condensation 

temperature by the turbine r4. 

[0030] 

An area B-C of the horizontal axis indicates a heat exchange process between 

the drained hot water W1 and the heat medium M of the liquid state in the first heat 

15 exchanger rl, and a total heat quantity QBC moves from the drained hot water W1 to the 

heat medium M of the liquid state. That is, in the area B-C, as the heat medium M of 

the liquid state is gradually heated, the state of the drained hot water W1 sequentially 

changes from liquid to gas at a predetermined evaporation temperature, and meanwhile, 

the drained hot water W1 is cooled from 100 to 130 °C to 80 to 90 °C. 

20 [0031] 

Further an area A-B of the horizontal axis ind icates a heat exchange process 

between the drained hot water W1 and the boiler water supply W2 in the auxiliary heat 

exchanger IT, and the total heat amount QAB moves from the drained hot water W1 to the 

boiler water supply W2. That is, in the area A-B, the boiler water supply W2 heated to 

25 the vicinity of 40 °C by the second heat exchanger r2 is further heated to the vicinity of 
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65 °C by the drained hot water Wl, and meanwhile, the drained hot water Wl cooled to 

80 to 90 °C by the first heat exchanger rl is cooled to the vicinity of 50 °C. 

[0032] 

Further, at the same time, in the Rankine cycle R, the heat medium M 

5 mechanically acts on the turbine r4 as a driving medium to generate the mechanical 

power, and the generator r5 is rotated by the mechanical power of the turbine r4 to 

generate an AC power R That is, in the boiler water supply preheater system of the 

present invention, in addition to pre-heating of the boiler water supply W2 by providing 

the Rankine cycle R, AC power P is generated. 

10 [0033] 

Here, when the available energy efficiency (exergy efficiency) of the electric 

power is assumed to be "1," as is well known, since the thermal energy cannot be 100% 

converted into electric power, the available energy efficiency is lower than the electric 

power. If the Rankine cycle R is removed and the boiler water supply W2 is heated 

15 (preheated) to 65 °C using only the auxiliary heat exchanger H, the available energy 

acquired by the boiler water supply W2 from the drained hot water Wl is 1505 kW (= 

kJ/s) as an estimated example. When the temperature of the drained hot water Wl is 

assumed to be, for example, 102 °C, since the maximum available energy of the drained 

hot water Wl, for example, is 3478 kW (= kJ/s), the available energy utilization is 43.3% 

20 (= 1505/3478). 

[0034] 

In contrast, in the boiler water supply preheater system of the present invention, 

since the available energy of the AC power P is obtained from the drained hot water Wl 

in addition to the available energy "1505 kW (= kJ/s)," it is possible to obtain the 

25 naturally larger available energy than when the Rankine cycle R is removed and the 



11 

boiler water supply W2 is heated (preheated) to 65 °C using only the auxiliary heat 

exchanger H. For example, when the AC power P of 577 kW is obtained by the 

generator r5, the available energy utilization is 59.9% (= 2082/3478). 

[0035] 

5 Further, the present invention is not limited to the above-described embodiments, 

and for example, the following modified examples are considered. 

(1) In the above embodiment, the Rankine cycle R is configured to heat (raise 

the temperature of) the boiler water supply W2 using the drained hot water Wl, but the 

present invention is not limited thereto. As the waste heat generated in the boiler, there 

10 are various kinds in addition to the drained hot water W1. For example, the combustion 

exhaust gas generated in the combustor is a waste heat source having a higher 

temperature (hundreds of °C) than the drained hot water Wl, and the combustion exhaust 

gas can be considered to be used instead of the boiler water supply W2. 

[0036] 

15 Moreover, using the combustion exhaust gas and the boiler water supply W2 as 

waste heat sources as needed can be considered. In this case, for example, the Rankine 

cycle is configured to heat (raise the temperature of) the boiler water supply W2 using 

the combustion exhaust gas, and in the auxiliary heat exchanger H, heating (raising the 

temperature of) the boiler water supply W2 using the drained hot water W1 as in the 

20 above embodiments can be considered. 

[0037] 

(2) In the above embodiment, the Rankine cycle R is configured using the heat 

medium M (low-boiling-point heat medium) having a lower boiling point than water, but 

the present invention is not limited thereto. For example, a medium other than the 

25 illustrated heat medium may be used as a low-boiling-point heat medium, and 
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furthermore, the high-boiling-point heat medium having a higher boiling point than water 

may be used in place of the low-boiling-point heat medium. In particular, when the 

above-described combustion gas is used as a waste heat source, since the temperature of 

the combustion exhaust gas is several hundred °C that is considerably higher than the 

5 boiling point of water, it is possible to use a high-boiling-point heat medium. 

[0038] 

Further, when the combustion exhaust gas is used as a waste heat source, 

providing a plurality of the Rankine cycles can be considered. That is, a plurality of the 

Rankine cycles are provided toward the downstream side from the upstream side of the 

10 combustion exhaust gas and the boiler water supply W2, the high-boiling-point heat 

medium can be used on the upstream side, that is, in the Rankine cycle in which the 

temperature of the combustion exhaust gas is relatively high, and the low-boiling-point 

heat medium can be used on the downstream side, that is, in the Rankine cycle in which 

the temperature of the combustion exhaust gas is relatively low. 

15 [0039] 

Further, when the combustion exhaust gas is used as a waste heat source, 

providing an additional heat exchanger in the Rankine cycle can be considered. That is, 

after heating the heat medium M by the boiler water supply W2, the heat medium M is 

further heated in the heat exchanger into which the combustion exhaust gas is introduced. 

20 When the maximum temperature of the heat medium M is defined as "TH" and the 

condensation temperature of the heat medium M is defined as "TC," since the efficiency 

of the Rankine cycle is defined as I (rTC/'I I I ), as the maximum temperature TH of the 

heat medium M increases, the cycle efficiency is improved. 

[0040] 

25 (3) In the above embodiment, the auxiliary heat exchanger IT which secondarily 
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preheats the boiler water supply W2 is provided, but the present invention is not limited 

thereto. The auxiliary heat exchanger H may be deleted if necessary. 

[0041] 

(4) In the above embodiment, the boiler water supply W2 was subjected to 

5 heating (preheating), but the present invention is not limited thereto. The combustion 

air supplied to the combustor of the boiler may be subjected to heating (preheating). 

[0042] 

(5) Moreover, when the drained water serving as a high-temperature heat source 

is sufficiently clean (satisfies the standards of the boiler water supply), the drained hot 

10 water W1 supplied to the waste water processing device from the auxiliary heat 

exchanger H may be reused as the boiler water supply W2. In this case, the total 

amount of the boiler water supply W2 may be supplied by the drained hot water W1, or a 

part of the boiler water supply W2 may be supplied by the drained hot water Wl. In 

this way, by reusing the drained hot water Wl as the boiler water supply W2, it is 

15 possible to effectively utilize the holding heat quantity of the drained hot water W1. 

Further, when a part of the boiler water supply W2 is supplied by the drained hot water 

Wl, it is desirable to perform mixing at a point at which the temperature of the boiler 

water supply W2 during heating of the boiler water supply W2 is the same as the 

temperature of the drained hot water Wl. 

20 Industrial Applicability 

[0043] 

The present invention provides a boiler water supply preheater system and a 

method of preheating the boiler water supply in which the amount of recovery of the 

available energy (exergy) is higher than in the related art. 

25 Description of Reference Signs 
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[0044] 

R Rankine cycle (thermal cycle) 

rl First heat exchanger 

r2 Second heat exchanger 

5 r3 Pump 

r4 Turbine 

r5 Generator 

H Auxiliary heat exchanger 

W1 Drained hot water 

10 W2 Boiler water supply 

M Heat medium (low-boiling-point heat medium) 
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CLAIMS 

[Claim 1] 

A boiler water supply preheater system which preheats water (boiler water 

supply) supplied to a boiler by a predetermined preheating means, 

5 wherein the preheating means is a thermal cycle which moves heat of a waste 

heat source in the boiler to the boiler water supply to perform preheating and generates 

electric power using a predetermined heat medium. 

[Claim 2] 

The boiler water supply preheater system of claim 1, wherein the preheating 

10 means is equipped with an auxiliary heat exchanger which exchanges heat between the 

waste heat source and the boiler water supply to preheat the boiler water supply, in 

addition to the thermal cycle. 

[Claim 3] 

The boiler water supply preheater system of claim 1 or 2, wherein the waste heat 

15 source is drained hot water obtained by using water vapor generated by the boiler as a 

predetermined application. 

[Claim 4] 

The boiler water supply preheater system of claim 3, wherein the heat medium is 

a low-boiling-point heat medium having a lower boiling point than water. 

20 [Claim 5] 

The boiler water supply preheater system of claim 1 or 2, wherein the waste heat 

source is a combustion exhaust gas generated in a combustor of the boiler. 

[Claim 6] 

The boiler water supply preheater system of claim 5, wherein the heat medium is 

25 a high-boiling-point heat medium having a higher boiling point than water. 
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[Claim 7] 

A method of preheating boiler water supply in which water (boiler water supply) 

supplied to a boiler is preheated, the method comprising: 

moving heat of a waste heat source in the boiler to the boiler water supply to 

5 perform preheating, and generating electric power using a predetermined thermal cycle. 


