
DESCRIPTION 

Title of Invention 

HYDROGEN SUPPLY SYSTEM, HYDROGEN-CONSUMING PLANT PROVIDED 

WITH HYDROGEN SUPPLY SYSTEM, AND METHOD FOR SUPPLYING 

HYDROGEN TO HYDROGEN-CONSUMING UNIT 

Technical Field 

[0001] 

The present disclosure relates to a hydrogen supply 

system, a hydrogen-consuming plant including a hydrogen 

supply system, and a method for supplying hydrogen to a 

hydrogen-consuming unit. 

The present application claims priority based on 

Japanese Patent Application No. 2021-151135 filed in the 

Japan Patent Office on September 16, 2021, the contents of 

which are incorporated herein by reference. 

Background Art 

[0002] 

PTL 1 discloses a gas turbine that can supply a 

combustor with natural gas and hydrogen obtained by 

reforming the natural gas as a fuel.  During a normal 

operation of the gas turbine, natural gas, hydrogen, and 

off-gas are supplied as the fuel to the combustor.  During 

a low-load operation of the gas turbine, such as when a 
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demand for electric power is low, hydrogen is stored without 

being supplied to the combustor. 

 [0003] 

 In general, a power generation facility using a gas 

turbine or the like is required to flexibly follow an 

operating load according to a demand for electric power 

which fluctuates from moment to moment.  Therefore, a 

facility for supplying a fuel to the gas turbine is also 

required to quickly follow a fluctuation in the load of the 

gas turbine and to supply the fuel.  However, in a case 

where hydrogen produced by a chemical process, such as a 

reforming reaction, is utilized as a fuel for the gas 

turbine, the chemical process generally has a complicated 

process in which reaction, separation, heat recovery, and 

the like are organically combined.  Therefore, when 

operating conditions of a hydrogen production device are 

changed suddenly, the balance of the entire system is 

disrupted, which makes it impossible to continue a stable 

operation.  Therefore, it is difficult to make the amount 

of hydrogen supplied follow a fluctuation in the load of 

the gas turbine with good response. 

Citation List 

 Patent Literature 

 [0004] 

 [PTL 1]  Japanese Unexamined Patent Application 
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Publication No. 2003-49610 

Summary of Invention 

Technical Problem 

 [0005] 

 PTL 1 discloses that hydrogen is stored during the 

low-load operation of the gas turbine, but does not disclose 

a specific configuration of a hydrogen storage facility.  

Further, PTL 1 discloses that the stored hydrogen is used 

as an industrial hydrogen product for another purpose or is 

used as a portion of a fuel for a fuel cell provided 

separately from the gas turbine.  However, it is not assumed 

that the hydrogen is reused in the gas turbine.  Even in 

the configuration in which the stored hydrogen is reused in 

the gas turbine, it is difficult to make the amount of 

hydrogen supplied follow a fluctuation in the amount of fuel 

supplied when the load of the gas turbine fluctuates only 

by simply providing a tank for storing the hydrogen. 

 [0006] 

 In view of the above circumstances, an object of at 

least one embodiment of the present disclosure is to provide 

a hydrogen supply system, a hydrogen-consuming plant 

including a hydrogen supply system, and a method for 

supplying hydrogen to a hydrogen-consuming unit that have 

improved followability to a fluctuation in demand for 

hydrogen. 
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Solution to Problem 

 [0007] 

 In order to achieve the above object, according to the 

present disclosure, there is provided a hydrogen supply 

system including: a hydrogen production device; a hydrogen 

flow line through which hydrogen produced by the hydrogen 

production device is circulated; a buffer tank that is 

provided in the hydrogen flow line on a downstream side of 

the hydrogen production device; a bypass line that bypasses 

a portion of the hydrogen flow line and has a downstream-

side end portion communicating with the hydrogen flow line 

on a downstream side of the buffer tank; and a storage tank 

that is provided in the bypass line and is capable of storing 

the hydrogen. 

 [0008] 

 In order to achieve the above object, according to the 

present disclosure, there is provided a method for supplying 

hydrogen to a hydrogen-consuming unit.  The method includes: 

a hydrogen production step of producing hydrogen; a 

circulation step of circulating the hydrogen produced in 

the hydrogen production step toward the hydrogen-consuming 

unit; a retention step of retaining the hydrogen circulated 

toward the hydrogen-consuming unit; and a storage step of 

storing a portion of the hydrogen circulated toward the 

hydrogen-consuming unit together with the retention step or 
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after the retention step. 

Advantageous Effects of Invention 

 [0009] 

 According to the hydrogen supply system of the present 

disclosure, when a fluctuation in demand for hydrogen is 

small, the fluctuation in the demand can be absorbed by a 

fluctuation in the amount of hydrogen in the buffer tank.  

When the fluctuation in the demand for hydrogen is large, 

the amount of hydrogen stored in the storage tank is 

fluctuated, or hydrogen is supplied from the storage tank.  

Therefore, it is possible to improve followability to the 

fluctuation in the demand for hydrogen.  In addition, 

according to the method of supplying hydrogen to a hydrogen-

consuming unit of the present disclosure, a fluctuation in 

demand for hydrogen in the hydrogen-consuming unit can be 

absorbed by the retention step of retaining the hydrogen 

circulated toward the hydrogen-consuming unit and the 

storage step of storing a portion of the hydrogen circulated 

toward the hydrogen-consuming unit together with the 

retention step or after the retention step.  Therefore, it 

is possible to improve followability to the fluctuation in 

the demand for hydrogen. 

Brief Description of Drawings 

 [0010] 

 Fig. 1 is a schematic diagram illustrating a 
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configuration of a hydrogen supply system and a hydrogen-

consuming plant according to Embodiment 1 of the present 

disclosure. 

 Fig. 2 is a schematic diagram illustrating a 

configuration of a hydrogen supply system and a hydrogen-

consuming plant according to Embodiment 2 of the present 

disclosure. 

Description of Embodiments 

 [0011] 

 Hereinafter, a hydrogen supply system, a hydrogen-

consuming plant, and a method for supplying hydrogen to a 

hydrogen-consuming unit according to embodiments of the 

present disclosure will be described with reference to the 

drawings.  The embodiments which will be described below 

show aspects of the present disclosure, do not limit the 

disclosure, and can be arbitrarily changed within the scope 

of the technical idea of the present disclosure. 

 [0012] 

 (Embodiment 1) 

 <Configuration of Hydrogen Supply System and Hydrogen-

Consuming Plant> 

 As illustrated in Fig. 1, a hydrogen-consuming plant 

1 according to Embodiment 1 of the present disclosure 

includes a hydrogen-consuming unit 2 that consumes hydrogen 

for an arbitrary purpose and a hydrogen supply system 10 
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that supplies hydrogen to the hydrogen-consuming unit 2.  

The hydrogen-consuming unit 2 is not particularly limited, 

but can be, for example, a gas turbine 3 that uses only 

hydrogen as a fuel or that uses a fuel obtained by mixing 

hydrogen with another fuel.  In Embodiment 1, the hydrogen-

consuming unit 2 will be described as the gas turbine 3 that 

uses the fuel obtained by mixing hydrogen with another fuel.  

In a case where the hydrogen-consuming unit 2 is the gas 

turbine 3, a fuel (for example, natural gas) and hydrogen 

from the hydrogen supply system 10 are supplied to a 

combustor 3a of the gas turbine 3.  The fuel and the hydrogen 

are illustrated to be separately supplied to the combustor 

3a in Fig. 1.  However, the fuel and the hydrogen may be 

mixed and then supplied to the combustor 3a. 

 [0013] 

 The hydrogen supply system 10 includes a hydrogen 

production device 11 that produces hydrogen, a hydrogen flow 

line 12 through which the hydrogen production device 11 

communicates with the combustor 3a of the gas turbine 3, a 

buffer tank 13 that is provided in the hydrogen flow line 

12 on a downstream side of the hydrogen production device 

11, a bypass line 14 through which the buffer tank 13 

communicates with the hydrogen flow line 12 on the 

downstream side of the buffer tank 13, and a storage tank 

15 that is provided in the bypass line 14. 
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 [0014] 

 In the hydrogen flow line 12, a compressor 16 is 

provided between the buffer tank 13 and a portion in which 

the bypass line 14 is connected to the hydrogen flow line 

12.  Further, in the hydrogen flow line 12, a pressure 

control valve 18 is provided between the hydrogen production 

device 11 and the buffer tank 13, and pressure sensors 19 

and 20 are provided between the buffer tank 13 and the 

compressor 16 and on the downstream side of the compressor 

16, respectively.  In the bypass line 14, a compressor 17 

is provided between the buffer tank 13 and the storage tank 

15.  In addition, in the bypass line 14, a flow rate control 

valve 21 is provided on the downstream side of the storage 

tank 15. 

 [0015] 

 Furthermore, the present disclosure is not limited to 

the form in which an upstream-side end portion of the bypass 

line 14 communicates with the buffer tank 13.  However, the 

upstream-side end portion of the bypass line 14 may 

communicate with the hydrogen flow line 12 on the upstream 

side or downstream side of the buffer tank 13.  In either 

case, a downstream-side end portion of the bypass line 14 

communicates with the hydrogen flow line 12 on the 

downstream side of the buffer tank 13.  In addition, in a 

case where the compressor 16 is provided on the downstream 
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side of the buffer tank 13, the downstream-side end portion 

of the bypass line 14 communicates with the hydrogen flow 

line 12 on the downstream side of the compressor 16. 

 [0016] 

 The hydrogen supply system 10 is provided with a 

control device 22 for controlling, for example, the load or 

reaction temperature of the hydrogen production device 11, 

and the pressure sensor 19 is electrically connected to the 

control device 22.  Further, the flow rate control valve 21 

is electrically connected to the pressure sensor 19.  The 

control device 22 includes a central processing unit (CPU), 

a random access memory (RAM), a read only memory (ROM), an 

external storage medium (for example, a hard disk drive (HDD) 

or a solid state drive (SSD)), an interface (IF), a control 

circuit, and the like which are not illustrated and is 

implemented by execution of a predetermined control program 

stored in the ROM by the CPU.  The pressure sensor 19 is 

electrically connected to each of the compressor 17 and the 

flow rate control valve 21.  The pressure sensor 20 is 

electrically connected to the compressor 16. 

 [0017] 

 The configuration of the hydrogen production device 11 

is not particularly limited, and a device that produces 

hydrogen on any principle can be used.  For example, the 

hydrogen production device 11 may be a device in which 
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hydrogen is produced by a chemical reaction with a raw 

material.  Specific examples of the chemical reaction 

include a reforming reaction of natural gas or other 

hydrocarbons, a partial oxidation method, a coal 

gasification reaction, and an ammonia decomposition 

reaction.  In Embodiment 1, the hydrogen production device 

11 will be described as a device that produces hydrogen by 

a reforming reaction of natural gas as the raw material. 

 [0018] 

 In Embodiment 1, the storage tank 15 having a higher 

design pressure than the buffer tank 13 is provided such 

that hydrogen can be compressed to high pressure and then 

stored in the storage tank 15.  Therefore, it is possible 

to store a large amount of hydrogen in a small volume as 

compared to the buffer tank 13 and thus to reduce the size 

of each tank and the installation area of a facility.  As a 

result, it is possible to keep down the overall facility 

cost required for storage. 

 [0019] 

 <Operation of Hydrogen Supply System and Hydrogen-

Consuming Plant> 

 Next, the operation of the hydrogen supply system 10 

and the hydrogen-consuming plant 1 according to Embodiment 

1 of the present disclosure will be described.  In the 

hydrogen-consuming plant 1, hydrogen is supplied from the 
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hydrogen supply system 10 to the combustor 3a of the gas 

turbine 3 through the hydrogen flow line 12.  The hydrogen 

supplied to the combustor 3a is combusted by compressed air 

supplied from the compressor 3b together with the fuel 

supplied to the combustor 3a.  That is, the hydrogen is 

consumed by the combustor 3a of the gas turbine 3.  The gas 

turbine 3 is driven by driving the turbine 3c with flue gas 

generated by the combustion in the combustor 3a. 

 [0020] 

 Next, the operation of the hydrogen supply system 10 

(a method for supplying hydrogen to a hydrogen-consuming 

unit) will be described.  In the hydrogen production device 

11, hydrogen is produced by the reforming reaction of 

natural gas (hydrogen production step).  The control device 

22 controls, for example, the load (amount of hydrogen 

produced) or reaction temperature of the hydrogen production 

device 11 by an operation which will be described below.  

The hydrogen discharged from the hydrogen production device 

11 is circulated through the hydrogen flow line 12 by the 

driving of the compressor 16 (circulation step).  In this 

case, capacity control is performed on the compressor 16 

such that a discharge amount where the pressure on the 

downstream side of the compressor 16 is within a 

predetermined range is obtained.  In addition, the flow rate 

of the hydrogen circulated through the hydrogen flow line 
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12 is controlled by controlling the degree of opening of 

the pressure control valve 18 such that the pressure of an 

outlet of the hydrogen production device 11 is within a 

predetermined range. 

 [0021] 

 The hydrogen circulated through the hydrogen flow line 

12 flows into the buffer tank 13.  The buffer tank 13 can 

retain an amount of hydrogen corresponding to its volume 

and pressure (retention step).  Therefore, in a case where 

a fluctuation occurs in the flow rate of the hydrogen 

circulated through the hydrogen flow line 12, the 

fluctuation is absorbed by a buffer function of the buffer 

tank 13 as long as the fluctuation is in a certain range, 

which makes it possible to perform an operation following a 

fluctuation in demand for hydrogen in the entire system. 

 [0022] 

 While the hydrogen supply system 10 is operating, a 

detected value by the pressure sensor 19 (which can be 

identified with the internal pressure of the buffer tank 13) 

is transmitted to the control device 22.  When the amount 

of hydrogen produced in the hydrogen production device 11 

is in excess of the demand for hydrogen in the gas turbine 

3, the amount of hydrogen stored in the buffer tank 13 

increases, which results in an increase in the detected 

value by the pressure sensor 19.  On the contrary, when the 
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amount of hydrogen produced in the hydrogen production 

device 11 is smaller than the demand for hydrogen in the 

gas turbine 3, the amount of hydrogen stored in the buffer 

tank 13 decreases, which results in a decrease in the 

detected value by the pressure sensor 19.  The control 

device 22 controls operating conditions of the hydrogen 

production device 11 such that the detected value by the 

pressure sensor 19 is in a predetermined pressure range to 

control the amount of hydrogen produced. 

 [0023] 

 As described above, the gas turbine 3 is driven by the 

flue gas generated by combusting the mixed gas of the fuel 

and the hydrogen.  However, it is necessary to perform 

control such that a combustion ratio of the fuel and the 

hydrogen does not fluctuate significantly in order for the 

stable operation of the gas turbine 3.  Therefore, in a case 

where the amount of fuel supplied fluctuates due to a 

fluctuation in the load of the gas turbine 3, the amount of 

hydrogen supplied needs to follow the fluctuation in the 

amount of fuel supplied.  In a case where a fluctuation in 

the amount of fuel supplied is relatively small and a 

fluctuation in the amount of hydrogen supplied which follows 

the fluctuation is also relatively small, the fluctuation 

is absorbed by the buffer function of the buffer tank 13, 

which makes it possible to perform an operation following a 
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fluctuation in demand for hydrogen in the entire system. 

 [0024] 

 However, for example, in a case where the load of the 

gas turbine 3 is significantly reduced (including complete 

shutdown) at night, the demand for hydrogen is also 

significantly reduced as compared to the case of a normal 

operation.  When the hydrogen production device 11 is 

configured to produce hydrogen by a chemical process, it is 

difficult to temporarily stop the operation of the hydrogen 

production device 11 due to the complexity of the process.  

For this reason, a large imbalance (excessive supply) occurs 

between the demand for hydrogen and the amount of hydrogen 

supplied, and there is a possibility that the imbalance will 

not be absorbed only by the buffer function of the buffer 

tank 13.  In this case, in Embodiment 1, this imbalance can 

be absorbed by an operation which will be described below. 

 [0025] 

 In a case where the demand for hydrogen in the gas 

turbine 3 is significantly reduced, the control device 22 

performs control to reduce the amount of hydrogen produced 

in the hydrogen production device 11 as described above.  

However, the hydrogen production device 11 has a minimum 

operating load that is possible in terms of facility, and 

it is not possible to operate the facility with a load less 

than the minimum operating load.  Therefore, in a case where 
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the demand for hydrogen is reduced to be equal to or less 

than the minimum operating load of the hydrogen production 

device 11, the amount of hydrogen supplied is in excess of 

the demand for hydrogen even though the hydrogen production 

device 11 is operated with the minimum load.  As a result, 

there is a possibility that the detected value of the 

pressure sensor 19 will continue to increase. 

 [0026] 

 In a case where the detected value by the pressure 

sensor 19 continues to increase and reaches a preset 

pressure even though the hydrogen production device 11 is 

controlled under the minimum load operating condition, the 

compressor 17 is started such that the hydrogen is 

circulated not only through the hydrogen flow line 12 but 

also through the bypass line 14.  The compressor 17 

compresses the hydrogen produced in excess of the demand, 

and the hydrogen is stored in the storage tank 15 (storage 

step).  That is, a portion of the hydrogen circulated toward 

the gas turbine 3 is stored in the storage tank 15.  This 

makes it possible to absorb the imbalance (excess) of the 

amount of hydrogen produced from the hydrogen production 

device 11 with respect to the demand for hydrogen in the 

gas turbine 3 and to perform the operation following a 

fluctuation in the demand for hydrogen in the entire system.  

The compressor 17 is stopped at the discretion of the 
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operator in a case where the pressure of the storage tank 

15 reaches a preset maximum pressure or even in a case where 

the pressure is lower than the preset maximum pressure.  

Further, in the configuration of the bypass line 14 in 

Embodiment 1, the storage step is performed together with 

the retention step (or in a parallel configuration) or after 

the retention step (or in a serial configuration).  In the 

configuration in which the upstream-side end portion of the 

bypass line 14 communicates with the hydrogen flow line 12 

on the downstream side of the buffer tank 13, the storage 

step is performed after the retention step (or in a serial 

configuration). 

 [0027] 

 Then, when the load of the gas turbine 3 increases 

again, the compressor 17 is stopped, and the degree of 

opening of the flow rate control valve 21 is adjusted such 

that the hydrogen stored in the storage tank 15 is gradually 

discharged and the pressure of the storage tank 15 is 

reduced to the initial pressure before storage.  At this 

time, the mixing ratio of the hydrogen discharged from the 

storage tank 15 and the hydrogen produced by the hydrogen 

production device 11 can be controlled in a range in which 

the hydrogen production device 11 is not operated under the 

minimum load condition by setting the degree of opening of 

the flow rate control valve 21 by a preset control program 
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or the operation of the operator according to the demand 

for hydrogen and by adjusting the amount of hydrogen 

discharged from the storage tank 15. 

 [0028] 

 In a case where the demand for hydrogen in the gas 

turbine 3 increases, discharge amount control is performed 

on the compressor 16 in order to maintain the detected value 

of the pressure sensor 20 within a predetermined range.  

When the discharge amount increases, the detected value of 

the pressure sensor 19 decreases, and a load increase 

command is issued to the hydrogen production device 11.  

However, in a case where the demand for hydrogen increases 

rapidly, there is a possibility that an increase in the load 

of the hydrogen production device 11 will not transiently 

catch up with the increase in the demand for hydrogen.  In 

this case, there is a possibility that the detected value 

of the pressure sensor 19 will continue to decrease and the 

operation of the compressor 16 will not be continued.  In 

contrast, when the detected value of the pressure sensor 19 

reaches a preset pressure, a flow rate command can be issued 

to the flow rate control valve 21 to perform the backup 

supply of hydrogen from the storage tank 15 to the gas 

turbine 3.  That is, the flow rate when hydrogen is 

circulated from the storage tank 15 to the hydrogen 

production device 11 is controlled on the basis of the 
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detected value of the pressure sensor 19.  When the backup 

supply of hydrogen is performed, the discharge amount of 

the compressor 16 is reduced, and the detected value of the 

pressure sensor 19 is prevented from further decreasing.  

Then, the load of the hydrogen production device 11 

eventually catches up with the increase, and the detected 

value of the pressure sensor 19 increases.  The issue of 

the flow rate command to the flow rate control valve 21 is 

stopped when the pressure is recovered. 

 [0029] 

 In addition, this operation is not performed only when 

the load of the gas turbine 3 is significantly reduced at 

night, but can also be applied to when the operation of the 

gas turbine 3 is stopped for a short period of time to 

perform minor maintenance. 

 [0030] 

 As described above, when a fluctuation in the demand 

for hydrogen is small, the fluctuation is absorbed by the 

buffer function of the buffer tank 13.  When the fluctuation 

in the demand for hydrogen is large, excess hydrogen is 

compressed and stored in the storage tank 15, or hydrogen 

for the shortage is supplied from the storage tank 15, which 

makes it possible to improve the followability of the entire 

system to a fluctuation in demand for hydrogen. 

 [0031] 
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 <Modification Example of Hydrogen Supply System> 

 In Fig. 1, one storage tank 15 is provided.  However, 

two or more storage tanks 15 may be provided.  In this case, 

a plurality of storage tanks 15 may be provided parallel to 

the bypass line 14, and hydrogen may be stored in the storage 

tanks 15 at the same time.  In a case where hydrogen is 

supplied from the storage tanks 15, the hydrogen may be 

supplied from the storage tanks 15 at the same time.  

Alternatively, the hydrogen may be supplied from one storage 

tank 15, and when the storage tank 15 is empty, the hydrogen 

may be supplied from another storage tank 15.  In addition, 

a switching device that makes the bypass line communicate 

with each of a plurality of storage tanks may be provided, 

and hydrogen may be separately stored in each of the storage 

tanks 15. 

 [0032] 

 (Embodiment 2) 

 Next, a hydrogen supply system and a hydrogen-

consuming plant according to Embodiment 2 will be described.  

The hydrogen supply system and the hydrogen-consuming plant 

according to Embodiment 2 are different from those according 

to Embodiment 1 in that the configuration of the storage 

tank 15 is changed.  Further, in Embodiment 2, the same 

components as those in Embodiment 1 are designated by the 

same reference numerals, and a detailed description thereof 
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will not be repeated. 

 [0033] 

 <Configuration of Hydrogen Supply System and Hydrogen-

Consuming Plant> 

 As illustrated in Fig. 2, in a hydrogen supply system 

10 according to Embodiment 2 of the present disclosure, the 

storage tank 15, the compressor 17 that is located on the 

downstream side of the storage tank 15, and the flow rate 

control valve 21 that is located on the upstream side of 

the storage tank 15 are provided in the bypass line 14.  The 

storage tank 15 according to Embodiment 2 stores hydrogen 

under a condition of lower pressure than the buffer tank 13.  

Since gas is stored under the low-pressure condition, it is 

possible to increase the size of each tank and to reduce 

the number of tanks installed.  In addition, a tank main 

body can have an inexpensive structure.  As a result, it is 

possible to keep down the overall facility cost required 

for storage. 

 [0034] 

 The configuration of the storage tank 15 having a lower 

storage pressure than the buffer tank 13 is not particularly 

limited, and any tank can be used.  A tank having a 

configuration in which a movable roof 15a provided in a tank 

outer shell is moved up and down according to the inflow 

and outflow of gas to store hydrogen in a state of 
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substantially atmospheric pressure can be used as an example 

of the storage tank 15.  The other configurations are the 

same as those in Embodiment 1. 

 [0035] 

 <Operation of Hydrogen Supply System and Hydrogen-

Consuming Plant> 

 In the hydrogen supply system 10 according to 

Embodiment 2 of the present disclosure, an operation that, 

in a case where a fluctuation in demand for hydrogen is 

small, follows a load while absorbing the fluctuation using 

the buffer function of the buffer tank 13 is the same as 

that in Embodiment 1.  In Embodiment 2, the operation in 

which, in a case where the fluctuation in demand for 

hydrogen is large, the amount of hydrogen supplied follows 

a fluctuation in the amount of fuel supplied is different 

from that in Embodiment 1.  Therefore, only this operation 

will be described below. 

 [0036] 

 As in Embodiment 1, in a case where the demand for 

hydrogen in the gas turbine 3 is significantly reduced, the 

hydrogen production device 11 is controlled to reduce the 

amount of hydrogen produced.  In a case where the demand 

for hydrogen is reduced to be equal to or less than the 

minimum operating load of the hydrogen production device 11, 

the amount of hydrogen supplied is in excess of the demand.  

21



 

 

As a result, there is a possibility that the detected value 

of the pressure sensor 19 will continue to increase.  In 

this case, when the detected value of the pressure sensor 

19 reaches a preset pressure, an open command is issued to 

the flow rate control valve 21 such that hydrogen is 

circulated not only through the hydrogen flow line 12 but 

also through the bypass line 14.  The hydrogen circulated 

through the bypass line 14 is decompressed to substantially 

atmospheric pressure by the flow rate control valve 21, 

flows into the storage tank 15, and is stored in the storage 

tank 15.  That is, a portion of the hydrogen circulated 

toward the gas turbine 3 is stored in the storage tank 15.  

Therefore, it is possible to absorb the imbalance (excess) 

of the amount of hydrogen produced from the hydrogen 

production device 11 with respect to the demand for hydrogen 

in the gas turbine 3 and to perform an operation following 

a fluctuation in the demand for hydrogen in the entire 

system. 

 [0037] 

 After that, when the demand for hydrogen in the gas 

turbine 3 increases again, the flow rate control valve 21 

is closed, and the compressor 17 is started such that the 

hydrogen stored in the storage tank 15 is gradually 

discharged and the storage amount of the storage tank 15 is 

reduced to the initial amount before the start of storage.  
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At this time, the mixing ratio of the hydrogen discharged 

from the storage tank 15 and the hydrogen produced by the 

hydrogen production device 11 can be controlled in a range 

in which the hydrogen production device 11 is not operated 

under the minimum load condition by setting the operating 

load of the compressor 17 by a preset control program or 

the operation of the operator according to the demand for 

hydrogen and by adjusting the amount of hydrogen discharged 

from the storage tank 15. 

 [0038] 

 In Embodiment 2, a starting circuit of the compressor 

17 is electrically connected to the pressure sensor 19.  In 

a case where the demand for hydrogen in the gas turbine 3 

increases, discharge amount control is performed on the 

compressor 16 in order to maintain the detected value of 

the pressure sensor 20 within a predetermined range.  When 

the discharge amount increases, the detected value of the 

pressure sensor 19 decreases, and a load increase command 

is issued to the hydrogen production device 11.  However, 

in a case where the demand for hydrogen increases rapidly, 

there is a possibility that an increase in the load of the 

hydrogen production device 11 will not transiently catch up 

with the increase in the demand for hydrogen.  In this case, 

there is a possibility that the detected value of the 

pressure sensor 19 will continue to decrease and the 
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operation of the compressor 16 will not be continued.  In 

contrast, when the detected value of the pressure sensor 19 

reaches a preset pressure, an operation command can be 

issued to the compressor 17 to perform the backup supply of 

hydrogen from the storage tank 15 to the gas turbine 3.  

When the backup supply of hydrogen is performed, the 

discharge amount of the compressor 16 is reduced, and the 

detected value of the pressure sensor 19 is prevented from 

further decreasing.  Then, the load of the hydrogen 

production device 11 eventually catches up with the increase, 

and the detected value of the pressure sensor 19 increases.  

When the pressure is recovered, the operation command to 

the compressor 16 is stopped. 

 [0039] 

 As described above, in Embodiment 2, when a 

fluctuation in the demand for hydrogen is small, the 

fluctuation is absorbed by the buffer function of the buffer 

tank 13.  When the fluctuation in the demand for hydrogen 

is large, excess hydrogen is stored in the storage tank 15, 

or hydrogen for the shortage is supplied from the storage 

tank 15, which makes it possible to improve the 

followability of the entire system to the fluctuation in 

the demand for hydrogen. 

 [0040] 

 <Modification Example of Hydrogen Supply System> 
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 In Embodiment 2, one storage tank 15 is provided as 

illustrated in Fig. 2.  However, as in the modification 

example of Embodiment 1, two or more storage tanks 15 may 

be provided.  In Embodiment 2, an operation method that 

stores hydrogen in each storage tank 15 and supplies 

hydrogen from each storage tank 15 in a case where a 

plurality of storage tanks 15 are provided is the same as 

that in the modification example of Embodiment 1. 

 [0041] 

 (Other Modification Examples) 

 In Embodiments 1 and 2, the design pressure of the 

buffer tank 13 is different from the design pressure of the 

storage tank 15.  However, the buffer tank 13 and the storage 

tank 15 may have the same design pressure.  Even in this 

aspect, when a fluctuation in the demand for hydrogen is 

small, the fluctuation is absorbed by the buffer function 

of the buffer tank 13.  When the fluctuation in the demand 

for hydrogen is large, excess hydrogen is compressed and 

stored in the storage tank 15, or hydrogen for the shortage 

is supplied from the storage tank 15, which makes it 

possible to obtain the same operation and effect as those 

in Embodiments 1 and 2. 

 [0042] 

 For example, the content described in each of the 

above-described embodiments is understood as follows. 
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 [0043] 

 [1] According to an aspect, there is provided a 

hydrogen supply system including: a hydrogen production 

device (11); a hydrogen flow line (12) through which 

hydrogen produced by the hydrogen production device (11) is 

circulated; a buffer tank (13) that is provided in the 

hydrogen flow line (12) on a downstream side of the hydrogen 

production device (11); a bypass line (14) that bypasses a 

portion of the hydrogen flow line (12) and has a downstream-

side end portion communicating with the hydrogen flow line 

(12) on a downstream side of the buffer tank (13); and a 

storage tank (15) that is provided in the bypass line (14) 

and is capable of storing the hydrogen. 

 [0044] 

 According to the hydrogen supply system of the present 

disclosure, when a fluctuation in demand for hydrogen is 

small, the fluctuation in the demand can be absorbed by a 

fluctuation in the amount of hydrogen in the buffer tank.  

When the fluctuation in the demand for hydrogen is large, 

the amount of hydrogen stored in the storage tank is 

fluctuated or hydrogen is supplied from the storage tank.  

Therefore, it is possible to improve followability to the 

fluctuation in the demand for hydrogen. 

 [0045] 

 [2] According to another aspect, in the hydrogen 
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supply system according to [1], an internal pressure of the 

storage tank (15) is higher than an internal pressure of 

the buffer tank (13). 

 [0046] 

 According to this configuration, it is possible to 

store a large amount of hydrogen in a small volume and thus 

to reduce the size of each tank and the installation area 

of a facility.  As a result, it is possible to keep down 

the overall facility cost required for storage. 

 [0047] 

 [3] According to still another aspect, in the hydrogen 

supply system according to [1], an internal pressure of the 

storage tank (15) is lower than an internal pressure of the 

buffer tank (13). 

 [0048] 

 According to this configuration, since gas is stored 

under a low-pressure condition, it is possible to increase 

the size of each tank and to reduce the number of tanks 

installed.  In addition, a tank main body can have an 

inexpensive structure.  As a result, it is possible to keep 

down the overall facility cost required for storage. 

 [0049] 

 [4] According to yet another aspect, in the hydrogen 

supply system according to any one of [1] to [3], in the 

hydrogen production device (11), the hydrogen is produced 
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by a chemical reaction of a raw material. 

 [0050] 

 In a case where hydrogen is produced by the chemical 

reaction, it is difficult to make the amount of hydrogen 

produced in the hydrogen production device follow a large 

fluctuation in demand for hydrogen.  However, according to 

this configuration, it is possible to make the amount of 

hydrogen supplied from the hydrogen supply system closely 

follow the fluctuation in the demand for hydrogen. 

 [0051] 

 [5] According to still yet another aspect, in the 

hydrogen supply system according to [4], the raw material 

is natural gas or hydrocarbon. 

 [0052] 

 In a case where hydrogen is produced by a reforming 

reaction of natural gas or hydrocarbon, it is difficult to 

make the amount of hydrogen produced follow a large 

fluctuation in the demand for hydrogen.  However, according 

to this configuration, the amount of hydrogen supplied from 

the hydrogen supply system can closely follow the 

fluctuation in the demand for hydrogen. 

 [0053] 

 [6] According to an aspect, there is provided a 

hydrogen-consuming plant including: the hydrogen supply 

system (10) according to any one of [1] to [5]; and a 
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hydrogen-consuming unit (2) that consumes the hydrogen 

supplied from the hydrogen supply system (10) through the 

hydrogen flow line (12). 

 [0054] 

 According to the hydrogen-consuming plant of the 

present disclosure, it is possible to improve the 

followability of the amount of hydrogen supplied according 

to a fluctuation in the load of the hydrogen-consuming unit. 

 [0055] 

 [7] According to another aspect, in the hydrogen-

consuming plant according to [6], the hydrogen-consuming 

unit (2) is a gas turbine (3). 

 [0056] 

 According to this configuration, it is possible to 

improve the followability of the amount of hydrogen supplied 

according to a fluctuation in the load of the gas turbine. 

 [0057] 

 [8] According to an aspect, there is provided a method 

for supplying hydrogen to a hydrogen-consuming unit.  The 

method includes: a hydrogen production step of producing 

hydrogen; a circulation step of circulating the hydrogen 

produced in the hydrogen production step toward the 

hydrogen-consuming unit (2); a retention step of retaining 

the hydrogen circulated toward the hydrogen-consuming unit 

(2); and a storage step of storing a portion of the hydrogen 
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circulated toward the hydrogen-consuming unit (2) together 

with the retention step or after the retention step. 

 [0058] 

 According to the method for supplying hydrogen to a 

hydrogen-consuming unit of the present disclosure, a 

fluctuation in demand for hydrogen in the hydrogen-consuming 

unit can be absorbed by the retention step of retaining the 

hydrogen circulated toward the hydrogen-consuming unit and 

the storage step of storing a portion of the hydrogen 

circulated toward the hydrogen-consuming unit together with 

the retention step or after the retention step.  Therefore, 

it is possible to improve followability to the fluctuation 

in demand for hydrogen. 

 [0059] 

 [9] According to another aspect, in the method 

according to [8], a pressure of the hydrogen retained in 

the retention step is detected, and the storage step is 

performed on the basis of a detected value of the pressure. 

 [0060] 

 According to this method, it is possible to improve 

followability to a reduction in the demand for hydrogen in 

the hydrogen-consuming unit. 

 [0061] 

 [10] According to still another aspect, in the method 

according to [8] or [9], a portion of the hydrogen 
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circulated toward the hydrogen-consuming unit (2) is stored 

in a compressed state. 

 [0062] 

 According to this method, it is possible to store a 

large amount of hydrogen in a small volume.  Therefore, it 

is possible to reduce the size of each tank and the 

installation area of a facility. 

 [0063] 

 [11] According to yet another aspect, in the method 

according to any one of [8] to [10], in a case where the 

demand for hydrogen in the hydrogen-consuming unit (2) 

increases during the retention step and the storage step, 

the storage step is stopped, and the hydrogen stored in the 

storage step is supplied to the hydrogen-consuming unit (2). 

 [0064] 

 According to this method, in a case where the demand 

for hydrogen increases after coping with a reduction in the 

demand for hydrogen in the hydrogen-consuming unit, it is 

possible to improve followability to the increase in the 

demand for hydrogen. 

 [0065] 

 [12] According to still yet another aspect, in the 

method according to [11], in a case where the hydrogen 

stored in the storage step is supplied to the hydrogen-

consuming unit (2), a flow rate when the hydrogen stored in 
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the storage step is circulated toward the hydrogen-consuming 

unit (2) is controlled on the basis of the detected value 

of the pressure of the retained hydrogen. 

 [0066] 

 According to this method, in a case where the demand 

for hydrogen increases after coping with a reduction in the 

demand for hydrogen in the hydrogen-consuming unit, it is 

possible to improve followability to the increase in the 

demand for hydrogen. 

 [0067] 

 [13] According to yet still another aspect, in the 

method according to [11] or [12], in a case where a detected 

value of a pressure of the hydrogen retained in the 

retention step decreases, the amount of the hydrogen, which 

has been stored in the storage step, supplied to the 

hydrogen-consuming unit (2) is increased. 

 [0068] 

 In a case where an increase in the amount of hydrogen 

produced in the hydrogen production step does not 

transiently catch up with a rapid increase in the demand 

for hydrogen, the detected value of the pressure of the 

hydrogen retained in the retention step decreases.  In 

contrast, according to this method, the amount of hydrogen, 

which has been retained in the retention step, supplied to 

the hydrogen-consuming unit is reduced by the backup supply 
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of the hydrogen stored in the storage step to the hydrogen-

consuming unit.  Therefore, the increase in the amount of 

hydrogen produced in the hydrogen production step catches 

up with the rapid increase. 

Reference Signs List 

 [0069] 

 1 Hydrogen-consuming plant 

 2 Hydrogen-consuming unit 

 3 Gas turbine 

 10 Hydrogen supply system 

 11 Hydrogen production device 

 12 Hydrogen flow line 

 13 Buffer tank 

 14 Bypass line 

 15 Storage tank 
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Claims 

 

[Claim 1] 

 A hydrogen supply system comprising: 

 a hydrogen production device; 

 a hydrogen flow line through which hydrogen produced 

by the hydrogen production device is circulated; 

 a buffer tank that is provided in the hydrogen flow 

line on a downstream side of the hydrogen production device; 

 a bypass line that bypasses a portion of the hydrogen 

flow line and has a downstream-side end portion 

communicating with the hydrogen flow line on a downstream 

side of the buffer tank; and 

 a storage tank that is provided in the bypass line and 

is capable of storing the hydrogen. 

 

[Claim 2] 

 The hydrogen supply system according to claim 1, 

 wherein an internal pressure of the storage tank is 

higher than an internal pressure of the buffer tank. 

 

[Claim 3] 

 The hydrogen supply system according to claim 1, 

 wherein an internal pressure of the storage tank is 

lower than an internal pressure of the buffer tank. 

34



 

 

 

[Claim 4] 

 The hydrogen supply system according to any one of 

claims 1 to 3, 

 wherein, in the hydrogen production device, the 

hydrogen is produced by a chemical reaction of a raw 

material. 

 

[Claim 5] 

 The hydrogen supply system according to claim 4, 

 wherein the raw material is natural gas or hydrocarbon. 

 

[Claim 6] 

 A hydrogen-consuming plant comprising: 

 the hydrogen supply system according to any one of 

claims 1 to 3; and 

 a hydrogen-consuming unit that consumes the hydrogen 

supplied from the hydrogen supply system through the 

hydrogen flow line. 

 

[Claim 7] 

 The hydrogen-consuming plant according to claim 6, 

 wherein the hydrogen-consuming unit is a gas turbine. 

 

[Claim 8] 
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 A method for supplying hydrogen to a hydrogen-

consuming unit, the method comprising: 

 a hydrogen production step of producing hydrogen; 

 a circulation step of circulating the hydrogen 

produced in the hydrogen production step toward the 

hydrogen-consuming unit; 

 a retention step of retaining the hydrogen circulated 

toward the hydrogen-consuming unit; and 

 a storage step of storing a portion of the hydrogen 

circulated toward the hydrogen-consuming unit together with 

the retention step or after the retention step. 

 

[Claim 9] 

 The method for supplying hydrogen to a hydrogen-

consuming unit according to claim 8, 

 wherein a pressure of the hydrogen retained in the 

retention step is detected, and 

 the storage step is performed on the basis of a 

detected value of the pressure. 

 

[Claim 10] 

 The method for supplying hydrogen to a hydrogen-

consuming unit according to claim 8 or 9, 

 wherein a portion of the hydrogen circulated toward 

the hydrogen-consuming unit is stored in a compressed state. 
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[Claim 11] 

 The method for supplying hydrogen to a hydrogen-

consuming unit according to claim 8 or 9, 

 wherein, in a case where a demand for hydrogen in the 

hydrogen-consuming unit increases during the retention step 

and the storage step, the storage step is stopped, and the 

hydrogen stored in the storage step is supplied to the 

hydrogen-consuming unit. 

 

[Claim 12] 

 The method for supplying hydrogen to a hydrogen-

consuming unit according to claim 11, 

 wherein, in a case where the hydrogen stored in the 

storage step is supplied to the hydrogen-consuming unit, a 

flow rate when the hydrogen stored in the storage step is 

circulated toward the hydrogen-consuming unit is controlled 

on the basis of the detected value of the pressure of the 

retained hydrogen. 

 

[Claim 13] 

 The method for supplying hydrogen to a hydrogen-

consuming unit according to claim 11, 

 wherein, in a case where a detected value of a pressure 

of the hydrogen retained in the retention step decreases, 
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an amount of the hydrogen, which has been stored in the 

storage step, supplied to the hydrogen-consuming unit is 

increased. 
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