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(54) INTERMEDIARY SYSTEM, TRANSACTION SYSTEM, AND REQUESTING METHOD

(57) An intermediary system (5c1) of an intermediary
for intermediating transactions of an asset between a
supplier of the asset and a user of the asset. The inter-
mediary system (5c1) includes a reception unit (51c1,
102) and a transmission unit (51c 1, 102). The reception
unit (51c1, 102) receives, through a blockchain network,
each of a plurality of amounts of supply for a specific
asset produced by a specific type of production method.
Each of the plurality of amounts of supply being supplied
by a corresponding one of a plurality of suppliers within
a fixed period. The reception unit (51c1, 102) receives,

through the blockchain network, an amount of usage of
the specific asset used by a predetermined user within
the fixed period. The transmission unit (51c1, 102) trans-
mits, to another intermediary system (5c2) of another in-
termediary, a request for transfer of the specific asset
corresponding to an amount of shortage of the specific
asset based on a shortage of the specific asset to be
intermediated to the predetermined user. The shortage
is indicated by a difference between a sum of the plurality
of amounts of supply and the amount of usage.
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to an intermediary system, a transaction system, and a
requesting method.

Related Art

[0002] Currently, electricity produced by renewable
energy has been attracting attention. Such electricity is
produced using renewable energy resources such as so-
lar light, solar heat, wind power, biomass, geothermal
power, hydropower, and heat in the atmosphere. In com-
parison with power generation using fossil fuels such as
petroleum, coal, and liquefied natural gas, power gener-
ation using renewable energy hardly emits carbon diox-
ide (CO2) that leads to global warming. For this reason,
such renewable energy stands out as an environmentally
friendly energy resource among the resources used for
electricity production. By using environmentally friendly
green energy, as described above, to operate, for exam-
ple, factories, companies can increase brand credibility.
Further, a method for using blockchain to carry out trans-
actions of electricity produced by renewable energy is
known (see, for example, Japanese Unexamined Patent
Application Publication No. 2019-144851). The block-
chain is called a distributed ledger. The blockchain links
multiple ledgers, each representing the transaction his-
tory of an asset such as electricity, with multiple nodes
(computers), thus preventing tampering with the trans-
action data.
[0003] Further, to achieve stable electricity usage, the
consumed electricity and the produced electricity are to
be adjusted in real time to match each other (simultane-
ous equilibrium). To achieve simultaneous equilibrium of
electricity, a balance between demand and supply is typ-
ically maintained using techniques such as "aligning the
amount of production (supply) with the amount of usage
(demand)" or "aligning the amount of usage (demand)
with the amount of production (supply)." The latter is
called demand response and is a method for maintaining
a balance between demand and supply by reducing a
planned amount of electricity consumption through sav-
ings. As a result, with this method, users (consumers)
behave in the market as if the users (consumers) have
generated power themselves.
[0004] However, in the former case, when an interme-
diary of an asset such as electricity predicts the amount
of usage (amount of consumption) and purchases the
asset from a producer, the prediction may be incorrect,
leading to a surplus or shortage of the asset. As a result,
the fee of the asset may be increased due to the exces-
sive operation cost or an asset that is not to be used may
be unnecessarily generated.

SUMMARY

[0005] An embodiment of the present disclosure in-
cludes an intermediary system of an intermediary for in-
termediating transactions of an asset between a supplier
of the asset and a user of the asset. The intermediary
system includes a reception unit and a transmission unit.
The reception unit receives, through a blockchain net-
work, each of a plurality of amounts of supply for a specific
asset produced by a specific type of production method.
Each of the plurality of amounts of supply being supplied
by a corresponding one of a plurality of suppliers within
a fixed period. The reception unit receives, through the
blockchain network, an amount of usage of the specific
asset used by a predetermined user within the fixed pe-
riod. The transmission unit transmits, to another interme-
diary system of another intermediary, a request for trans-
fer of the specific asset corresponding to an amount of
shortage of the specific asset based on a shortage of the
specific asset to be intermediated to the predetermined
user. The shortage is indicated by a difference between
a sum of the plurality of amounts of supply and the amount
of usage.
[0006] An embodiment of the present disclosure in-
cludes an intermediary system of an intermediary for in-
termediating transactions of an asset between a supplier
of the asset and a user of the asset. The intermediary
system includes a reception unit and a transmission unit.
The reception unit receives, through a blockchain net-
work, an amount of supply for a specific asset produced
by a specific type of production method. The amount of
supply is supplied by a predetermined supplier within a
fixed period. The reception unit receives, through the
blockchain network, each of a plurality of amounts of us-
age of the specific asset used by a corresponding one
of a plurality of users within the fixed period. The trans-
mission unit transmits, to another intermediary system
of another intermediary, a request for transfer of the spe-
cific asset corresponding to an amount of shortage of the
specific asset based on a shortage of the specific asset
to be intermediated a specific one of the plurality of users.
The shortage is indicated by a difference between the
amount of supply and a sum of the plurality of amounts
of usage.
[0007] An embodiment of the present disclosure in-
cludes an intermediary system of an intermediary for in-
termediating transactions of an asset between a supplier
of the asset and a user of the asset. The intermediary
system includes a reception unit and a transmission unit.
The reception unit receives, through a blockchain net-
work, each of a plurality of amounts of supply for a specific
asset produced by a specific type of production method.
Each of the plurality of amounts of supply is supplied by
a corresponding one of a plurality of suppliers within a
fixed period. The reception unit receives, through the
blockchain network, each of a plurality of amounts of us-
age of the specific asset used by a corresponding one
of a plurality of users within the fixed period. The trans-
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mission unit transmits, to another intermediary system
of another intermediary, a request for transfer of the spe-
cific asset corresponding to an amount of shortage of the
specific asset based on a shortage of the specific asset
to be intermediated a specific one of the plurality of users.
The shortage is indicated by a difference between a sum
of the plurality of amounts of supply and a sum of the
plurality of amounts of usage.
[0008] An embodiment of the present disclosure in-
cludes a transaction system including one of the above-
described intermediary system and the other intermedi-
ary system corresponding to the one of the above-de-
scribed intermediary system.
An embodiment of the present disclosure includes a re-
questing method performed by an intermediary system
of an intermediary. The intermediary system intermedi-
ates transactions of an asset between a supplier of the
asset and a user of the asset. The method includes re-
ceiving, through a blockchain network, each of a plurality
of amounts of supply for a specific asset produced by a
specific type of production method. Each of the plurality
of amounts of supply is supplied by a corresponding one
of a plurality of suppliers within a fixed period. The method
includes receiving, through the blockchain network, an
amount of usage of the specific asset used by a prede-
termined user within the fixed period. The method in-
cludes transmitting, to another intermediary system of
another intermediary, a request for transfer of the specific
asset corresponding to an amount of shortage of the spe-
cific asset based on a shortage of the specific asset to
be intermediated to the predetermined user. The short-
age is indicated by a difference between a sum of the
plurality of amounts of supply and the amount of usage.
[0009] According to one or more aspects of the present
disclosure, the supply and demand in transactions of an
asset can be managed in real time to reduce the increase
in the fee for the asset or prevent an unnecessary gen-
eration of the asset that is not to be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete appreciation of embodiments
of the present disclosure and many of the attendant ad-
vantages and features thereof can be readily obtained
and understood from the following detailed description
with reference to the accompanying drawings, wherein:

FIG. 1 is a schematic diagram illustrating a transac-
tion system according to some embodiments of the
present disclosure;
FIG. 2 is a block diagram illustrating a hardware con-
figuration of each of a plurality of systems and nodes
according to some embodiments of the present dis-
closure;
FIG. 3 is a block diagram illustrating a functional con-
figuration of a transaction system according to some
embodiments of the present disclosure;
FIG. 4 is a conceptual diagram illustrating a producer

management table according to some embodiments
of the present disclosure;
FIG. 5 is a conceptual diagram illustrating a trans-
action details management table according to some
embodiments of the present disclosure;
FIG. 6 is a sequence diagram illustrating processing
for sharing data related to produced electricity, in a
blockchain network according to some embodiments
of the present disclosure;
FIG. 7 is a diagram illustrating a data structure of
data related to electricity according to some embod-
iments of the present disclosure;
FIG. 8 is a sequence diagram illustrating processing
for sharing data related to consumed electricity in a
blockchain network according to some embodiments
of the present disclosure;
FIG. 9 is a sequence diagram illustrating processing
for sharing data related to intermediated electricity,
in a blockchain network according to some embod-
iments of the present disclosure;
FIG. 10 is a sequence diagram illustrating process-
ing for storing data related to surplus electricity, in a
blockchain network according to some embodiments
of the present disclosure;
FIG. 11 is a diagram illustrating a data structure of
data related to surplus electricity according to some
embodiments of the present disclosure;
FIG. 12 is a sequence diagram illustrating process-
ing for calculating an amount of total supply and an
amount of total usage according to some embodi-
ments of the present disclosure;
FIG. 13 is a sequence diagram illustrating process-
ing for sharing data related to electricity shortage
and processing for sharing data related to a transfer
of surplus electricity, in a blockchain network accord-
ing to some embodiments of the present disclosure;
and
FIG. 14 is a diagram illustrating a data structure of
data related to electricity shortage according to some
embodiments of the present disclosure.

[0011] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted. Also, identical or similar ref-
erence numerals designate identical or similar compo-
nents throughout the several views.

DETAILED DESCRIPTION

[0012] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
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a similar result.
[0013] Referring now to the drawings, embodiments of
the present disclosure are described below. As used
herein, the singular forms "a," "an," and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.
[0014] Embodiments of the present disclosure are de-
scribed in detail below with reference to the drawings.

Overview of System Configuration

[0015] An overview of a configuration of a transaction
system 1 according to an embodiment is described be-
low. FIG. 1 is a schematic diagram illustrating a transac-
tion system according to the present embodiment. In the
following description of the present embodiment, elec-
tricity serves as an asset.

Explanation on Entities

[0016] In FIG. 1, the presence of a producer A of elec-
tricity, a transaction market B for electricity, an interme-
diary C for electricity, a user (consumer) of electricity,
and a certification authority E are illustrated. The produc-
er A, the transaction market B, the intermediary C, and
the user D trade electricity by using a blockchain network
100 serving as a common data infrastructure. The oper-
ator managing the blockchain network 100 operates on
a registration basis, registers entities such as companies
(the producer A, the transaction market B, the interme-
diary C, and the user D), and issues a digital certificate
to the registered entities such as companies. The block-
chain network 100 has an application programming in-
terface (API) for storing (recording) or reading data on
an interchange or transaction of electricity among various
companies. Such data includes, for example, data relat-
ed to electricity (electricity-related data), data related to
surplus electricity (surplus electricity-related data), and
data related to electricity shortage (electricity shortage-
related data), which are described later. Through a stand-
ard API, various companies can access the blockchain
network 100 by creating a blockchain ledger.
[0017] In practice, electricity is sent from the producer
A to the user D through a constructed transmission and
distribution network, such as substations and transmis-
sion lines. The transaction market B or the intermediary
C conducts transactions of ownership rights for electricity
between the producer A and the user D.
[0018] The producer A serving as a supplier is an entity
that produces electricity from renewable energy. Such
electricity produced by renewable energy is called green
energy in Japan. For example, the producer A produces
electricity from solar light. The producer A may be an
entity that produces electricity using a fossil fuel such as
petroleum, but includes an entity that produces electricity
at least using renewable energy.
[0019] The transaction market B is an institution in
which (ownership rights for) electricity produced by the

producer A is the subject of market transactions.
[0020] The intermediary C is an entity that intermedi-
ates transactions of (ownership rights for) electricity. The
intermediary C places an order for electricity with the
transaction market B, and the transaction market B sells
electricity to the intermediary C. The intermediary C can
also directly conduct transactions for electricity with the
producer A without the transaction market B. In the de-
scription of the present embodiment, two intermediaries
C1 and C2 are present. The intermediary C1 and the
intermediary C2 can mutually or unilaterally transfer own-
ership rights for electricity to each other.
[0021] The user D serving as a user places an order
for electricity with the intermediary C, and the intermedi-
ary C sells electricity to the user D. The user includes a
person who has ownership rights for an asset such as a
real estate that is not consumed like electricity. The user
D can apply for public subsidies based on the renewable
energy usage ratio (or CO2 reduction ratio) of the com-
pany of the user D or the usage of renewable energy of
the company, supported by a production method certifi-
cate.
[0022] The certification authority E is a public institution
such as a national or local public entity for monitoring the
type of production method for an asset (a specific type
of production method), and monitors, for example, wheth-
er electricity subjected to a transaction is produced using
renewable energy. Examples of the type of production
method for electricity include a production method using
solar light or solar heat, a production method using wind
power, a production method using biomass, a production
method using geothermal power, a production method
using hydropower, a production method using heat in the
atmosphere, and a production method using nuclear
power. The production methods using solar light, solar
heat, wind power, biomass, geothermal power, hydro-
power, and heat in the atmosphere belong to a large
group as a group of production methods using renewable
energy. The production methods using petroleum, coal,
and liquefied natural gas belong to another large group
as a group of production methods using fossil fuels. In
comparison with power generation using fossil fuels,
power generation using renewable energy hardly emits
carbon dioxide (CO2) that leads to global warming. For
this reason, such renewable energy stands out as an
environmentally friendly energy resource. In the descrip-
tion of the present embodiment, as an example of renew-
able energy, solar light, solar heat, wind power, biomass,
geothermal power, hydropower, or heat in the atmos-
phere is used. Further, petroleum, coal, or liquefied nat-
ural gas is used as an example of fossil fuel.
[0023] When monitoring the blockchain network 100
and detecting any fraud related to data writing, the cer-
tification authority E gives a penalty such as revocation
of a certificate to an entity (for example, a company) that
has been involved in this data writing. As a result, the
integrity of data on the blockchain network 100 can be
retained. Accordingly, based on the decentralized sys-
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tem of the blockchain network 100, even when any node
drops (drops out of sync), the blockchain network 100
still operates as long as there are other nodes. Since
maintaining the system (including a producer system 5a),
the other entities (companies) can continue the usual op-
erations. Further, since revocation is managed simulta-
neously and in real-time through blockchain, each entity
(company) can recognize a range of effects of the revo-
cation.
[0024] There may be multiple producers A, transaction
markets B, consumers D, or certificate authorities E. Fur-
ther, there may be three or more intermediaries C.

Overall Configuration of Transaction System

[0025] Referring to FIG. 1, an overall configuration of
the transaction system 1 is described below. Each of the
nodes in the transaction system 1 authenticates access
to the node by verifying a digital certificate of a registered
entity (company) to give permission for data record (read-
ing data/storing data).
[0026] The producer A owns or manages the producer
system 5a and a producer node 7a. The producer system
5a acquires from a power generation system 3, which is
described later, power generation information indicating
an amount of power generation. The producer system
5a is authorized to access the producer node 7a.
[0027] The transaction market B owns or manages a
transaction market system ("market system") 5b and a
transaction market node ("market node") 7b. The trans-
action market system 5b is authorized to access the
transaction market node 7b.
[0028] The intermediary C1 owns or manages an in-
termediary system 5c1 and an intermediary node 7c1.
The intermediary C2 owns or manages an intermediary
system 5c2 and an intermediary node 7c2. The interme-
diary systems 5c1 and 5c2 are authorized to access the
intermediary nodes 7c1 and 7c2, respectively.
[0029] The user D owns or manages a user system 5d
and a user node 7d. The user system 5d is authorized
to access the user node 7d.
[0030] The certification authority E owns or manages
a certification authority (CA) system 5e. The certification
authority system 5e accesses the blockchain network
100 and conducts monitor to verify, for example, whether
the electricity in the transaction has been produced by
renewable energy.
[0031] Further, the transaction system 1 can store pro-
duced electricity by one or more storage batteries. The
transaction system 1 of FIG. 1 includes storage battery
systems 5f1, 5f2, and 5f3, and each of the storage battery
systems 5f1, 5f2, and 5f3 includes a storage battery. The
producer A can charge electricity into the storage battery
system 5f1 and discharge electricity from the storage bat-
tery system 5f1. The intermediary C can charge electricity
into the storage battery system 5f2 and discharge elec-
tricity from the storage battery system 5f2. Further, the
storage battery systems 5f1 and 5f2 can charge and dis-

charge each other. Further, the user D can charge elec-
tricity into the storage battery system 5f3 and discharge
electricity from the storage battery system 5f3.
[0032] The storage battery systems 5f1, 5f2, and 5f3
are authorized to access the storage battery nodes 7f1,
7f2, and 7f3, respectively.
[0033] The producer system 5a, the transaction market
system 5b, the intermediary systems 5c1 and 5c2, the
user system 5d, the certification authority system 5e, and
the storage battery systems 5f1, 5f2, and 5f3 may be
individually or collectively referred to as a "system 5" or
"system 5." The producer node 7a, the transaction market
node 7b, the intermediary nodes 7c1 and 7c2, the user
node 7d, and the storage battery nodes 7f1, 7f2, and 7f3
may be individually or collectively referred to as a "node
7" or "nodes 7." The blockchain network 100 is construct-
ed through the nodes 7 illustrated in FIG. 1.

Hardware Configuration of System and Node

[0034] Referring to FIG. 2, a hardware configuration of
each of the plurality of systems and nodes is described
below. FIG. 2 is a diagram illustrating a hardware con-
figuration of each of the systems and nodes according
to the present embodiment.
[0035] FIG. 2 is a diagram illustrating a hardware con-
figuration of each of the systems and nodes, with elec-
trical connections, according to the present embodiment.
[0036] As illustrated in FIG. 2, each of the system 5
and the node 7 is implemented by a computer that in-
cludes a central processing unit (CPU) 101, a read-only
memory (ROM) 102, a random-access memory (RAM)
103, a solid-state drive (SSD) 104, an external device
connection interface (I/F) 105, a network I/F 106, a dis-
play 107, an input device 108, a medium I/F 109, and a
bus line 110.
[0037] The CPU 101 that is a processor controls the
entire operation of the information processing apparatus
10. The ROM 102 stores a program for booting the CPU
101 such as an initial program loader (IPL). The RAM
103 is used as a work area for the CPU 101.
[0038] The SSD 104 reads or writes various types of
data under the control of the CPU 101. Any memory such
as a hard disk drive (HDD) may be used instead of the
SSD 104.
[0039] The external device connection I/F 105 is an
interface that connects the computer to various external
devices. Examples of the external device include a dis-
play, a speaker, a keyboard, a mouse, a universal serial
bus (USB) memory, and a printer.
[0040] The network I/F 106 is an interface that estab-
lishes communication for data exchange via a commu-
nication network such as the Internet.
[0041] The display 107 serves as a display means such
as a liquid crystal display (LCD) or an organic electrolu-
minescence (EL) display that displays various images.
[0042] The input device 908 serves as an input means
that allows a user to select or execute various instruc-
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tions, select a subjected item to be processed, or move
a cursor. Examples of the input device 908 include a
pointing device and a touch panel.
[0043] The medium I/F 109 controls the reading and
writing (storing) of data from and to a recording medium
109m such as a flash memory. Examples of the recording
medium 109m include a digital versatile disc (DVD) and
a BLU-RAY DISC.
[0044] The bus line 110 is, for example, an address
bus or a data bus that electrically connects the compo-
nents, such as the CPU 101 illustrated in FIG. 2, to each
other.
[0045] In addition to the configuration described above
with reference to FIG. 2, the power generation system 3,
which is described later, includes a measurement sensor
111 that measures the amount of power generation. Sim-
ilarly, the user system 5d further includes a measurement
sensor 111 that measures the amount of electricity con-
sumption in addition to the configuration described above
with reference to FIG. 2.

Functional Configuration of Transaction System

[0046] Referring to FIG. 3, a functional configuration
of the transaction system 1 is described below. Since the
transaction market system 5b and the certification au-
thority system 5e have the same functional configuration
as that of the producer system 5a, the description thereof
is omitted.

Power Generation System

[0047] As illustrated in FIG. 3, the power generation
system 3 is implemented by, for example, a smart meter,
and includes a transmission and reception unit 31 and a
measurement unit 33. The above-mentioned units are
functions implemented by or caused to function by oper-
ating one or more of the components illustrated in FIG.
2 operating in accordance with an instruction of the CPU
101 according to the control program expanded from the
SSD 104 to the RAM 103.
[0048] The transmission and reception unit 31 commu-
nicates, or exchanges data, with another apparatus (sys-
tem).
[0049] The measurement unit 33 that is implemented
by the measurement sensor 111 measures the amount
of power generation, namely, the amount of electricity
produced, by a power generation facility at fixed intervals
(for example, every 30 minutes).

Producer System

[0050] As illustrated in FIG. 3, the producer system 5a
includes a transmission and reception unit 51a. The
transmission and reception unit 51a is a function imple-
mented by or caused to function by operating one or more
of the components illustrated in FIG. 2 in accordance with
an instruction of the CPU 101 according to the control

program expanded from the SSD 104 to the RAM 103.
[0051] The transmission and reception unit 51a com-
municates, or exchanges data, with another apparatus
(system).

Intermediary System

Intermediary System 5c1

[0052] As illustrated in FIG. 3, the intermediary system
5c1 includes a transmission and reception unit 51c1, an
adjustment unit 55c1, and a calculation unit 57c1. The
above-mentioned units are functions implemented by or
caused to function by operating one or more of the com-
ponents illustrated in FIG. 2 operating in accordance with
an instruction of the CPU 101 according to the control
program expanded from the SSD 104 to the RAM 103.
The intermediary system 5c1 further includes a storage
unit (storage) 59c1 implemented by the RAM 103 or the
SSD 104.

Producer Management Table

[0053] FIG. 4 is a conceptual diagram illustrating a pro-
ducer management table according to the present em-
bodiment. The producer management table is a table for
the intermediary C1 to manage the producers of electric-
ity. The storage unit 59c1 stores a producer management
database (DB) including a producer management table
as illustrated in FIG. 4. In the producer management ta-
ble, items of producer identifier (ID), producer name, type
of production method for an asset such as electricity, and
available supply amount of electricity are managed in
association with each other.
[0054] The producer ID is producer identification infor-
mation for identifying a producer of an asset such as elec-
tricity. The type of production method indicates a type of
energy used to produce the asset. As described above,
examples of the type of production method include, as a
small group, a production method using solar light, a pro-
duction method using wind power, a production method
using biomass, a production method using geothermal
power, a production method using hydropower, a pro-
duction method using petroleum, a production method
using coal, and a production method using liquefied nat-
ural gas. The above-described production methods
(types of production methods) may be classified into one
or more large groups, for example, a production method
using renewable energy and a production method using
fossil fuels. The available supply amount is an amount
of asset that can be supplied by a producer in a fixed
period (or a fixed time period), and is, for example, an
amount of electricity (kWh).

Transaction Details Management Table

[0055] FIG. 5 is a conceptual diagram illustrating a
transaction details management table according to the
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present embodiment. The transaction details manage-
ment table is set by the user D such as a consumer to
manage the transaction details for an asset.
[0056] The storage unit 59c1 stores a transaction de-
tails management DB including a transaction details
management table as illustrated in FIG. 5. In the trans-
action details management table, transaction details in-
formation as contract details concluded between the pro-
ducer A and the user D is managed. Specifically, items
of user ID, user name, usage start date, usage end date,
planned usage amount, renewable energy usage ratio,
usage ratio achievement period, producer ID, producer
name, and type of production method are managed in
association with each other. The same item names as
those in FIG. 4, such as the producer ID, have the same
meaning.
[0057] The user ID serves as user identification infor-
mation for identifying the user D of an asset such as elec-
tricity. The usage start date is information indicating a
date when the user D starts using the asset such as the
electricity. The usage end date is information indicating
the date when the user D ends using the asset such as
the electricity. The planned usage amount is an amount
of asset to be used by the user D in a fixed period (or a
fixed time period), and is, for example, an amount of elec-
tricity (kWh). The renewable energy usage ratio is infor-
mation indicating a ratio (%) of the asset that is produced
using renewable energy such as solar light to the asset
such as the electricity to be used by the user D. The
usage ratio achievement period indicates a period for
achieving the renewable energy usage ratio, and the in-
termediary C does not need to achieve the renewable
energy usage ratio every predetermined time (for exam-
ple, every 30 minutes), and may achieve the renewable
energy usage ratio within the usage ratio achievement
period.

Functional Configuration

[0058] The transmission and reception unit 51c1 com-
municates, or exchanges data, with another apparatus
(system).
[0059] The adjustment unit 55c1 searches the trans-
action details management table (see FIG. 5) using, for
example, a user ID in a group F, which is described later,
as a search key to read the corresponding information
on "renewable energy usage ratio" and "usage ratio
achievement period." Then, the adjustment unit 55c1
performs supply and demand adjustments for allocating
an amount of electricity to each user D in the total amount
of electricity corresponding to the electricity (rights)
owned by the intermediary C1 in intervals of a predeter-
mined period of time T (for example, in intervals of 30
minutes), in consideration of the renewable energy usage
ratio and usage ratio achievement period. In other words,
the adjustment unit 55c1 allocates to the user D (user)
an amount of specific asset produced by a specific type
of production method, such as electricity produced using

renewable energy, based on the contract details indicat-
ed by the transaction details management table.
[0060] For example, when the user D1 seeks a renew-
able energy usage ratio of 40%, the adjustment unit 55c1
basically allocates to the user D1 an amount of electricity
so as to achieve "40"% within the predetermined period
T. However, when intermediating electricity correspond-
ing to the renewable energy usage ratio of 40% within
the predetermined period of time T fails, electricity gen-
erated by fossil fuel is used as a current supplement, and
adjustments are performed from the next predetermined
period of time to achieve the renewable energy usage
ratio of 40% within the usage ratio achievement period.
For example, as illustrated in FIG. 5, in a case that the
usage ratio achievement period for the user D1 identified
by the user ID "U0001" is "ONE MONTH" and the usage
ratio achievement period for the user A2 identified by the
user ID "U0002" is "THREE MONTHS," the adjustment
unit 55c1 preferentially allocates an amount of electricity
to the user D1 of which the usage ratio achievement pe-
riod is shorter than that of the user D2 to satisfy the re-
newable energy usage ratio for the user D1.
[0061] The calculation unit 57c1 searches the transac-
tion details management table (see FIG. 5) in the storage
unit 59c1, and reads one or more sets of data items in-
dicating the same producer ID of one or more predeter-
mined producers among the producers producing elec-
tricity by renewable energy, and then, reads one or more
user IDs of one or more predetermined users each having
entered into a transaction contract with the predeter-
mined producer. As a result, the calculation unit 57c1
specifies the group F that is a combination of one or more
predetermined producers and one or more predeter-
mined users. For example, the calculation unit 57c1
searches the transaction details management table in
the storage unit 59c1, and reads a set of data items in-
dicating the producer ID "P0001" of the predetermined
producer A1 and another set of data items indicating the
producer ID "P0002" of the predetermined producer A2
in the transaction details management table among the
producers A1, A2, and A3 that produce electricity by re-
newable energy, and then, reads user IDs "U0001" and
"U0002" corresponding to predetermined users each
having entered into transaction contracts with the prede-
termined producers A1 and A2. As a result, the calcula-
tion unit 57c1 specifies the group F that is a combination
of four parties (entities), the predetermined producers A1
and A2 and the predetermined users D1 and D2.
[0062] The calculation unit 57c1 reads information on
the renewable energy usage ratio requested by each of
the predetermined users, from the transaction details
management table. For example, the calculation unit
57c1 reads the renewable energy usage ratios "40" and
"50" requested by the predetermined users, from the
transaction details management table.
[0063] Further, the calculation unit 57c1 obtains an
amount of total supply TSU by calculating, in intervals of
predetermined time T (for example, in intervals of 30 min-
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utes) using (Formula 1), the sum of amounts of supply
SUi of electricity supplied by the producers in the same
group F, among the amounts of electricity corresponding
to the electricity (rights) obtained from the intermediary
node 7c1 by the transmission and reception unit 51c1.
In Formula 1, n represents the number of producers in
the group F. 

[0064] Further, the calculation unit 57c1 obtains the
amount of total supply TUS of electricity produced by
renewable energy by calculating, using Formula 2, the
sum of the amounts of usage USi of electricity that are
amounts used by the users in the same group F, after
multiplying each of the amounts of usage by the renew-
able energy usage ratio URi that is agreed in the contract
by the corresponding user, among the amounts of usage
of electricity (rights) obtained from the intermediary node
7c1 by the transmission and reception unit 51c1. In (For-
mula 2), m represents the number of users (the number
of consumers) in the group F. 

[0065] Further, the calculation unit 57c1 calculates the
amount of supply shortage SS of electricity produced by
renewable energy by subtracting the amount of total sup-
ply from the amount of total usage for the same group F
using Formula 3. In the description of the present em-
bodiment, the amount of supply shortage SS of electricity
indicates an amount of electricity shortage.
[0066] Amount of supply shortage SS = Amount of total
usage TUS - Amount of total supply TSU (Formula 3)
[0067] Further, the amount of total usage may be sub-
tracted from the amount of total supply.
[0068] Unlike renewable energy, fossil fuels can be
easily used to generate electricity regardless of season
and day or night. Further, the electricity that is generated
by fossil fuels is not supplied to the user D as electricity
generated by renewable energy, but the electricity that
is generated by renewable energy can be supplied to the
user D in excess of the renewable energy usage ratio.
Accordingly, when the intermediary C1 provides the user
D with (the rights of) electricity that was not generated
by renewable energy, the likelihood of a shortage in the
electricity to be supplied is low. However, in the case of
a supply shortage of electricity, the amount of electricity

shortage is calculated for the group F by a process sub-
stantially the same as the one described above using
Formula 1 to Formula 3 described above.
[0069] Further, the group F may be not only a combi-
nation of multiple producers A and multiple users D, but
also a combination of multiple producers A and a single
predetermined user D, or a combination of a single pre-
determined producer A and multiple users D.

Intermediary System 5c2

[0070] As illustrated in FIG. 3, the intermediary system
5c2 includes a transmission and reception unit 51c2, an
adjustment unit 55c2, and a calculation unit 57c2. The
above-mentioned units are functions implemented by or
caused to function by operating one or more of the com-
ponents illustrated in FIG. 2 operating in accordance with
an instruction of the CPU 101 according to the control
program expanded from the SSD 104 to the RAM 103.
The intermediary system 5c2 further includes a storage
unit 59c2 (storage) implemented by the RAM 103 or the
SSD 104.
[0071] The transmission and reception unit 51c2, the
adjustment unit 55c2, and the calculation unit 57c2 have
the same functions as the transmission and reception
unit 51c1, the adjustment unit 55c1, and the calculation
unit 57c1 described above, respectively, and thus the
description thereof is omitted. The storage unit 59c2
stores or manages the same tables (see FIGS. 4 and 5)
as the storage unit 59c1 described above, and thus the
description thereof is omitted.
[0072] The transmission and reception unit 51c2 com-
municates, or exchanges data, with another apparatus
(system).

User System

[0073] As illustrated in FIG. 3, the user system 5d is
implemented by, for example, a smart meter, and in-
cludes a transmission and reception unit 51d and a meas-
urement unit 53d. The above-mentioned units are func-
tions implemented by or caused to function by operating
one or more of the components illustrated in FIG. 2 op-
erating in accordance with an instruction of the CPU 101
according to the control program expanded from the SSD
104 to the RAM 103.
[0074] The transmission and reception unit 51d com-
municates, or exchanges data, with another apparatus
(system).
[0075] The measurement unit 53d, which is imple-
mented by the measurement sensor 111, measures the
amount of electricity consumption of one or more electric
devices at fixed time intervals (for example, every 30 min-
utes).

Node

[0076] The functional configuration of each node is de-
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scribed below. Since the storage battery nodes 7f1, 7f2,
and 7f3 have substantially the same configuration as that
of, for example, the producer node 7a, the description
thereof is omitted.
[0077] The producer node 7a includes a transmission
and reception unit 71a and a storing and reading unit
78a. The producer node 7a further includes a storage
unit 79a, implemented by the ROM 102, the RAM 103,
or the SSD 104 illustrated in FIG. 2.
[0078] The transmission and reception unit 71d com-
municates, or exchanges data, with another apparatus
(system).
[0079] The storing and reading unit 78a stores various
data (or information) in the storage unit 79a and reads
various data (or information) from the storage unit 79a.
[0080] The intermediary node 7c1, the intermediary
node 7c2, and the user node 7d include transmission and
reception units 71c1, 71c2, and 71d, respectively, each
of which has substantially the same functions as those
of the transmission and reception unit 71d, and thus the
description thereof is omitted. The intermediary node
7c1, the intermediary node 7c2, and the user node 7d
include storage and reading units 78c1, 78c2, and 78d,
respectively, each of which has substantially the same
functions as those of the storage and reading unit 78a,
and thus the description thereof is omitted. The interme-
diary node 7c1, the intermediary node 7c2, and the user
node 7d include the storage units 79c1, 79c2, and 79d,
respectively, each of which is implemented by the ROM
102, the RAM 103, or the SSD 104 illustrated in FIG. 2
and has substantially the same functions as those of the
storage unit 79a, and thus the description thereof is omit-
ted.

Processing or Operation of Transaction System

[0081] Referring to FIGS. 6 to 14, processing or oper-
ation performed by the transaction system 1 according
to the present embodiment is described below. Each of
the entities such as companies (for example, the produc-
er A, the transaction market B, the intermediary C1 and
C2, and the user D) can cause the owned node 7 to record
(write) data, by making the systems and devices owned
by the corresponding entity applicable to the write stand-
ard API. As a result, each entity can use the blockchain
network 100. For example, in the case of the producer A
in FIG. 1, a control panel of the power generation facility
is made applicable to the write standard API, and accord-
ingly, writing operation is performable from the control
panel of the power generation facility on the producer
node 7a. Alternatively, the producer system 5a may col-
lect data on the amount of power generation of the power
generation facility, and then writing operation from the
producer system 5a on the producer node 7a can be
performed.

Process for Interchanging Electricity

[0082] Referring to FIGS. 6 to 14, a series of process-
ing for interchanging electricity between the intermediary
C1 and the intermediary C2 is described. The processing
described below with reference to FIGS. 6 to 14 is per-
formed, for example, every 30 minutes per day. In the
present embodiment, in order to maintain real-time per-
formance, it is desired to use a mechanism with a short
data write time (for example, a consortium blockchain
network). The multiple intermediaries C can check data
on an interchange or transaction of electricity (for exam-
ple, data related to electricity (electricity-related data),
data related to surplus electricity (surplus electricity-re-
lated data), data related to electricity shortage (electricity
shortage-related data), such that the electricity can be
interchanged between the multiple intermediaries C. In
the description of the present embodiment, real-time per-
formance indicates the time taken to complete the elec-
tricity transaction. In the case of Japan, since the aggre-
gation of electricity is conducted every 30 minutes as of
the fiscal year 2022, the real-time performance indicates
that the calculation of the amount of power generation
and the amount of consumption, and the transaction are
completed in 30 minutes. This rule may be revised, and
the definition of real-time performance may be changed
in the future. For example, the time may be shortened to
15 minutes, namely in the intervals of 15 minutes, in the
future.
[0083] This real-time performance introduces a new
value, which has not been provided by power manage-
ment using blockchain operations according to the relat-
ed art.
[0084] For example, by visualizing a surplus or short-
age of electricity in real time, the interchange of renew-
able energy for simultaneous equilibrium maintenance
can be achieved. The blockchain ledger that has eviden-
tiary characteristics can reduce the cost of credit in the
transactions between entities (companies). This can lead
to the reduction of risks arising for companies adopting
renewable energy and facilitate the companies to adopt
renewable energy, accordingly. As a result, investment
in renewable energy is facilitated in the future.
[0085] In the following description of the present em-
bodiment, a case in which the intermediary C conducts
a direct transaction for electricity with the producer A with-
out intervening in the transaction market B is given. The
processing described below with reference to FIGS. 6 to
14 is performed every 30 minutes as described above.
However, the prediction of the supply and demand of
electricity is expected to be submitted one day in advance
as part of the practical tasks of the intermediary (retailer).
For this reason, for example, information on the amount
of surplus electricity and the amount of electricity short-
age may be generated based on prediction data from
one day before. Moreover, agreements on the transac-
tion of electricity may be made in advance based on the
generated information.
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Sharing Data related to Produced Electricity

[0086] Referring to FIG. 6, processing for sharing data
related to electricity produced by the producer A, in the
blockchain network 100, is described below. FIG. 6 is a
sequence diagram illustrating processing for sharing
electricity-related data that is data related to produced
electricity, in the blockchain network 100, according to
the present embodiment.
[0087] S11: In the power generation system 3, the
measurement unit 33 measures the amount of power
generation, and the transmission and reception unit 31
transmits power generation information indicating the
measured amount of power generation to the producer
system 5a. Accordingly, the transmission and reception
unit 51a of the producer system 5a receives the power
generation information.
[0088] S12: The transmission and reception unit 51a
of the producer system 5a transmits to the producer node
7a electricity-related data that includes the power gen-
eration information. Accordingly, the transmission and
reception unit 71a of the producer node 7a receives the
electricity-related data, and the storing and reading unit
78a stores the electricity-related data in the storage unit
79a.
[0089] FIG. 7 is a diagram illustrating a data structure
of the electricity-related data according to the present
embodiment. As illustrated in FIG. 7, the electricity-relat-
ed data includes a field indicating a data structure type
in the blockchain, a unique data ID of the electricity-re-
lated data in the blockchain, a transaction status (for ex-
ample, generation, retail (intermediary transfer), and
consumption), a type of production method (classification
of solar light, wind power, and other types), a flag indi-
cating whether electricity is produced by renewable en-
ergy, a date and time of electricity production, an amount
of electricity, a generator (producer) of electricity, a cur-
rent owner of electricity, a previous owner of electricity,
a data ID of parent electricity-related data in dividing the
electricity-related data, a data ID of child electricity-relat-
ed data in dividing the electricity-related data, and ex-
tended attributes. For example, in the case where the
amount of produced electricity is 10 kWh, and the inter-
mediary C1 sells (intermediates the transfer of) 6 kWh
of electricity to the user D from the amount of produced
electricity, the parent electricity-related data indicating 4
kWh of electricity and the child electricity-related data
indicating 6 kWh of electricity are generated and then
managed with data IDs assigned, as illustrated in FIG. 7.
[0090] Further, for example, the transaction status, the
current owner of the electricity, and the previous owner
of the electricity in the data structure illustrated in FIG. 7
are "GENERATION," "intermediary C1," and "producer
A," respectively.
[0091] In the example illustrated in FIG. 7, the flag "re-
newableFlag" is disabled for electricity produced by both
renewable energy and non-renewable energy (for exam-
ple, fossil fuels). The intermediary C2 may generate sur-

plus electricity for renewable energy and surplus elec-
tricity for non-renewable energy for each time, or may
sell the surplus electricity for non-renewable energy to
Japan Wholesale Electric Power Exchange (JEPX) with-
out generating data related to the surplus electricity for
non-renewable energy.
[0092] S13: The transmission and reception unit 71a
of the producer node 7a transmits the electricity-related
data to the intermediary node 7c1. Accordingly, the trans-
mission and reception unit 71c1 of the intermediary node
7c1 receives the electricity-related data, and the storing
and reading unit 78c1 stores the electricity-related data
in the storage unit 79c1. This results in data sharing.
[0093] S14: The transmission and reception unit 71a
of the producer node 7a transmits the electricity-related
data to the intermediary node 7c2. Accordingly, the trans-
mission and reception unit 71c2 of the intermediary node
7c2 receives the electricity-related data, and the storing
and reading unit 78c2 stores the electricity-related data
in the storage unit 79c2. This results in data sharing.
[0094] S15: The transmission and reception unit 71a
of the producer node 7a transmits the electricity-related
data to the user node 7d. The transmission and reception
unit 71d of the user node 7d receives the electricity-re-
lated data, and the storing and reading unit 78d stores
the electricity-related data in the storage unit 79d. This
results in data sharing.

Sharing Data Related to Consumed Electricity

[0095] Referring to FIG. 8, processing for sharing data
related to electricity consumed by the user D, in the block-
chain network 100, is described below. FIG. 8 is a se-
quence diagram illustrating processing for sharing elec-
tricity-related data that is data related to consumed elec-
tricity, in the blockchain network 100, according to the
present embodiment. In terms of the temporal flow of
processing, the processing in FIG. 8 is performed after
the processing in FIG. 13.
[0096] S31: In the user system 5d, the measurement
unit 53d measures the amount of electricity consumption
(amount of consumption), and the transmission and re-
ception unit 51d transmits to the user node 7d electricity-
related data that indicates the amount of consumption
measured by the measurement unit 53d. Accordingly,
the transmission and reception unit 71d of the user node
7d receives the electricity-related data, and the storing
and reading unit 78d stores the electricity-related data in
the storage unit 79d. In this case, the transaction status,
the current owner of the electricity, and the previous own-
er of the electricity in the data structure illustrated in FIG.
7 are "CONSUMPTION," "user D," and "intermediary
C1," respectively.
[0097] S32: The transmission and reception unit 71d
of the user node 7d transmits the electricity-related data
to the producer node 7a. Accordingly, the transmission
and reception unit 71a of the producer node 7a receives
the electricity-related data, and the storing and reading
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unit 78a stores the electricity-related data in the storage
unit 79a. This results in data sharing.
[0098] S33: The transmission and reception unit 71d
of the user node 7d transmits the electricity-related data
to the intermediary node 7c1. Accordingly, the transmis-
sion and reception unit 71c1 of the intermediary node
7c1 receives the electricity-related data, and the storing
and reading unit 78c1 stores the electricity-related data
in the storage unit 79c1. This results in data sharing.
[0099] S34: The transmission and reception unit 71d
of the user node 7d transmits the electricity-related data
to the intermediary node 7c2. Accordingly, the transmis-
sion and reception unit 71c2 of the intermediary node
7c2 receives the electricity-related data, and the storing
and reading unit 78c2 stores the electricity-related data
in the storage unit 79c2. This results in data sharing.

Sharing Data Related to Intermediated Electricity

[0100] Referring to FIG. 9, processing for sharing data
related to electricity intermediated by the intermediary
C1 or C2, in the blockchain network 100, is described
below. FIG. 9 is a sequence diagram illustrating process-
ing for sharing electricity-related data that is data related
to intermediated electricity, in the blockchain network
100, according to the present embodiment.
[0101] S51: In the intermediary system 5c1, the adjust-
ment unit 55c1 performs supply and demand adjust-
ments for allocating to the user D an amount of electricity
by considering the type of production method for elec-
tricity (classification of solar light, wind power, and other
types) in accordance with the contract details with the
user D, among the total amount of electricity currently
owned by the intermediary C1.
[0102] S52: In the intermediary system 5c1, the trans-
mission and reception unit 51c1 transmits to the interme-
diary node 7c1 electricity-related data indicating data al-
located as a result of the supply and demand adjustments
performed by the adjustment unit 55c1. Accordingly, the
transmission and reception unit 71c1 of the intermediary
node 7c1 receives the electricity-related data, and the
storing and reading unit 78c1 stores the electricity-related
data in the storage unit 79c1. In this case, the transaction
status, the current owner of the electricity, and the pre-
vious owner of the electricity in the data structure illus-
trated in FIG. 7 are "RETAIL, (INTERMEDIARY TRANS-
FER)," "intermediary C1," and "producer A," respectively.
[0103] S53: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity-re-
lated data to the producer node 7a. Accordingly, the
transmission and reception unit 71a of the producer node
7a receives the electricity-related data, and the storing
and reading unit 78a stores the electricity-related data in
the storage unit 79a. This results in data sharing.
[0104] S54: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity-re-
lated data to the intermediary node 7c2. Accordingly, the
transmission and reception unit 71c2 of the intermediary

node 7c2 receives the electricity-related data, and the
storing and reading unit 78c2 stores the electricity-related
data in the storage unit 79c2. This results in data sharing.
[0105] S55: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity-re-
lated data to the user node 7d. Accordingly, the trans-
mission and reception unit 71d of the user node 7d re-
ceives the electricity-related data, and the storing and
reading unit 78d stores the electricity-related data in the
storage unit 79d. This results in data sharing.
[0106] In the case of intermediary C2, the substantially
same processing as that performed for intermediary C1
is performed (Steps S56 to S60).

Sharing Data Related to Surplus Electricity

[0107] Referring to FIGS. 10 and 11, processing for
sharing data related to surplus electricity in the block-
chain network 100, performed by the intermediary C2, is
described below. FIG. 10 is a sequence diagram illus-
trating processing for sharing data related to surplus elec-
tricity, in the blockchain network 100, according to the
present embodiment.
[0108] In the following description of the present em-
bodiment, a case in which the electricity owned by the
intermediary C2 (electricity produced by renewable en-
ergy) is surplus is given.
[0109] S71: In the intermediary system 5c2, the calcu-
lation unit 57c2 calculates the amount of surplus elec-
tricity that is the amount of electricity remaining even after
electricity is supplied to the user D according to the con-
tract, from the total amount of electricity currently owned
by the intermediary C2.
[0110] S72: In the intermediary system 5c2, the trans-
mission and reception unit 51c2 transmits the data relat-
ed to surplus electricity calculated by the calculation unit
57c2 to the intermediary node 7c2. The data related to
surplus electricity includes a flag indicating whether the
electricity is generated by renewable energy. According-
ly, the transmission and reception unit 71c2 of the inter-
mediary node 7c2 receives the data related to surplus
electricity, and the storing and reading unit 78c2 stores
the data related to surplus electricity in the storage unit
79c2.
[0111] FIG. 11 is a table illustrating a data structure of
the data related to surplus electricity ("surplus electricity-
related data") according to the present embodiment. As
illustrated in FIG. 11, the surplus electricity-related data
includes a field indicating a data structure type in the
blockchain, a unique data ID of the surplus electricity-
related data in the blockchain, a status of surplus elec-
tricity (for example, registered, retail (intermediary trans-
fer), sold (intermediary arranged)), a flag indicating
whether the electricity is produced by renewable energy,
a date and time of surplus electricity generation, a total
amount of surplus electricity, a remaining amount of sur-
plus electricity, a creator of the surplus electricity-related
data, association with electricity-related data (see FIG.
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7), and extended attributes.
[0112] The "date and time of surplus electricity gener-
ation" indicates a date and time when surplus electricity
is generated by the intermediary C2. The "total amount
of surplus electricity" indicates the total amount of elec-
tricity that remains even after electricity is supplied to the
user D according to the contract, from the total amount
of electricity currently owned by the intermediary C2. The
"remaining amount of surplus electricity" indicates an
amount of surplus electricity that is remained at the cur-
rent point in time, out of the total amount of surplus elec-
tricity. When the surplus electricity-related data is also
shared with the intermediary C1, the intermediary C1 re-
fers to the "flag indicating whether the electricity is pro-
duced by renewable energy" and the "remaining amount
of surplus electricity," to grasp an amount of electricity
(electricity produced by renewable energy) that can be
transferred from the intermediary C2.
[0113] S73: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the producer node 7a. Accordingly,
the transmission and reception unit 71a of the producer
node 7a receives the surplus electricity-related data, and
the storing and reading unit 78a stores the surplus elec-
tricity-related data in the storage unit 79a. This results in
data sharing.
[0114] S74: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the intermediary node 7c1. Accord-
ingly, the transmission and reception unit 71c1 of the
intermediary node 7c1 receives the surplus electricity-
related data, and the storing and reading unit 78c1 stores
the surplus electricity-related data in the storage unit
79c1. This results in data sharing.
[0115] S75: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the user node 7d. Accordingly, the
transmission and reception unit 71d of the user node 7d
receives the surplus electricity-related data, and the stor-
ing and reading unit 78d stores the surplus electricity-
related data in the storage unit 79d. This results in data
sharing.
[0116] Sharing Data Related to Electricity Shortage
and Sharing Data Related to Transfer of Surplus Elec-
tricity
[0117] Referring to FIGS. 12 to 14, processing for shar-
ing data related to electricity shortage in the blockchain
network 100, performed by the intermediary C1, and
processing for sharing data related to a transfer of surplus
electricity performed by the intermediary C2, are de-
scribed below. FIG. 12 is a sequence diagram illustrating
processing for calculating an amount of total supply and
an amount of total usage according to the present em-
bodiment. FIG. 13 is a sequence diagram illustrating
processing for sharing data related to electricity shortage
and processing for sharing data related to a transfer of
surplus electricity, in the blockchain network 100, accord-
ing to the present embodiment. In the following descrip-

tion of the present embodiment, a case in which the elec-
tricity owned by the intermediary C1 (electricity produced
by renewable energy) is insufficient is described.
[0118] S91: When the intermediary C1 intermediates
the transfer of electricity (rights) from multiple producers
A to multiple users D, the calculation unit 57c1 of the
intermediary system 5c1 reads user IDs of predeter-
mined users each having entered into a transaction con-
tract with the same predetermined producer, from the
transaction details management table (see FIG. 5) in the
storage unit 59c1, as illustrated in FIG. 12.
[0119] S92: Further, the calculation unit 57c1 reads a
renewable energy usage ratio corresponding to each of
the user IDs of the predetermined users from the trans-
action details management table.
[0120] S93: The transmission and reception unit 51c1
accesses the intermediary node 7c1 at fixed time inter-
vals (for example, every 30 minutes), and acquires the
latest data on each amount of supply of electricity of the
corresponding one of the predetermined producers.
[0121] S94: The calculation unit 57c1 obtains the
amount of total supply by calculating the sum of the
amounts of supply acquired by the transmission and re-
ception unit 51c1, using Formula 1 described above.
[0122] S95: The transmission and reception unit 51c1
accesses the intermediary node 7c1 at the same fixed
time intervals (for example, every 30 minutes) as in the
processing of Step S93, and acquires the latest data on
each amount of usage (amount of consumption) of elec-
tricity of the corresponding one of the predetermined us-
ers.
[0123] S96: The calculation unit 57c1 obtains the
amount of total usage by calculating the sum of the
amounts of usage acquired by the transmission and re-
ception unit 51c1, using Formula 2 described above.
[0124] S111: Referring to FIG. 13, in the intermediary
system 5c1, the calculation unit 57c1 calculates, using
Formula 3 described above, the amount of electricity
shortage of the electricity to be supplied to each of the
predetermined users D according to the corresponding
contract from the intermediary C1. In this case, as de-
scribed above, the amount of electricity shortage of the
electricity to be supplied to each of the users D is calcu-
lated, after the predetermined users are prioritized based
on the usage ratio achievement periods. Then, when spe-
cific one or more of the predetermined users D facing
shortages of electricity to be supplied are present among
the predetermined users D, the processing of S112 and
the subsequent processing are performed. When no spe-
cific user D is facing a shortage of electricity to be sup-
plied, the processing illustrated in FIG. 9 is performed.
[0125] S112: In the intermediary system 5c1, the trans-
mission and reception unit 51c1 transmits data related
to electricity shortage calculated by the calculation unit
57c1 to the intermediary node 7c1. The data related to
electricity shortage includes a flag indicating whether the
electricity is generated by renewable energy. According-
ly, the transmission and reception unit 71c1 of the inter-
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mediary node 7c1 receives the data related to electricity
shortage, and the storing and reading unit 78c1 stores
the data related to electricity shortage in the storage unit
79c1.
[0126] FIG. 14 is a diagram illustrating a data structure
of data related to electricity shortage ("electricity short-
age-related data") according to the present embodiment.
As illustrated in FIG. 14, the electricity shortage-related
data includes a field indicating a data structure type in
the blockchain, a unique data ID of the electricity short-
age-related data in the blockchain, a status of electricity
shortage (for example, registered, under shortage, sup-
plemented), a flag indicating whether the electricity is pro-
duced by renewable energy, a date and time of occur-
rence of electricity shortage, a total amount of electricity
shortage, a remaining amount of electricity shortage, a
creator of the electricity shortage-related data, associa-
tion with electricity-related data (see FIG. 7), and extend-
ed attributes.
[0127] The "date and time of occurrence of electricity
shortage" indicates a date and time when a shortage of
electricity occurs by the intermediary agent C1. The "total
amount of electricity shortage" indicates the total amount
of electricity corresponding to electricity unavailable to
be supplied due to the shortage, out of the total amount
of electricity corresponding to the electricity planned to
be supplied from the intermediary C1 to the user D ac-
cording to the contract. The "remaining amount of elec-
tricity shortage" indicates an amount of electricity short-
age that remains at the current point in time, out of the
total amount of electricity shortage, as a result of the in-
terchange of electricity from another intermediary such
as the intermediary C2.
[0128] S113: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity
shortage-related data to the producer node 7a. Accord-
ingly, the transmission and reception unit 71a of the pro-
ducer node 7a receives the electricity shortage-related
data, and the storing and reading unit 78a stores the elec-
tricity shortage-related data in the storage unit 79a. This
results in data sharing.
[0129] S114: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity
shortage-related data to the intermediary node 7c2. Ac-
cordingly, the transmission and reception unit 71c2 of
the intermediary node 7c2 receives the electricity short-
age-related data, and the storing and reading unit 78c2
stores the electricity shortage-related data in the storage
unit 79c2. This results in data sharing.
[0130] S115: The transmission and reception unit 71c1
of the intermediary node 7c1 transmits the electricity
shortage-related data to the user node 7d. Accordingly,
the transmission and reception unit 71d of the user node
7d receives the electricity shortage-related data, and the
storing and reading unit 78d stores the electricity short-
age-related data in the storage unit 79d. This results in
data sharing.
[0131] S116: In the intermediary system 5c1, the ad-

justment unit 55c1 recognizes the amount of transferable
electricity within the range of the amount of surplus elec-
tricity, based on the surplus electricity-related data that
is shared through the processing of Step S74, and the
transmission and reception unit 51c1 of the intermediary
system 5c1 transmits to the intermediary system 5c2 a
request for the transfer of surplus electricity owned by
the intermediary C2 at the current point in time. The re-
quest for the transfer includes information on the name
of the requester of the request, and the amount of elec-
tricity for which the transfer is requested. Accordingly,
the transmission and reception unit 51c2 of the interme-
diary system 5c2 receives the request for the transfer of
surplus electricity.
[0132] S117: In the intermediary system 5c2, the cal-
culation unit 57c2 determines whether an amount of elec-
tricity equivalent to the amount requested by the inter-
mediary system 5c1 can be transferred. In the case the
amount of electricity equivalent to the amount requested
is transferrable, the transmission and reception unit 51c2
transmits to the intermediary node 7c2 data related to
surplus electricity ("surplus electricity-related data") cor-
responding to the amount of electricity equivalent to the
amount requested by the intermediary system 5c1. Ac-
cordingly, the transmission and reception unit 71c2 of
the intermediary node 7c2 receives the data related to
surplus electricity, and the storing and reading unit 78c2
stores the data related to surplus electricity in the storage
unit 79c2. In this case, the transaction status, the current
owner of the electricity, and the previous owner of the
electricity in the data structure illustrated in FIG. 11 are
"RETAIL, (INTERMEDIARY TRANSFER)," "intermedi-
ary C1," and "intermediary C2," respectively. Further, the
"remaining amount of surplus electricity" is also updated.
[0133] S118: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the producer node 7a. Accordingly,
the transmission and reception unit 71a of the producer
node 7a receives the surplus electricity-related data, and
the storing and reading unit 78a stores the surplus elec-
tricity-related data in the storage unit 79a. This results in
data sharing.
[0134] S119: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the intermediary node 7c1. Accord-
ingly, the transmission and reception unit 71c1 of the
intermediary node 7c1 receives the surplus electricity-
related data, and the storing and reading unit 78c1 stores
the surplus electricity-related data in the storage unit
79c1. This results in data sharing.
[0135] S120: The transmission and reception unit 71c2
of the intermediary node 7c2 transmits the surplus elec-
tricity-related data to the user node 7d. Accordingly, the
transmission and reception unit 71d of the user node 7d
receives the surplus electricity-related data, and the stor-
ing and reading unit 78d stores the surplus electricity-
related data in the storage unit 79d. This results in data
sharing.
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[0136] As described above, according to the present
embodiment, when not having the ownership of a specific
asset produced by a specific type of production method,
the intermediary system 5c1 can receive the specific as-
set from the intermediary system 5c2, and accordingly,
the supply and demand in transactions of the assets can
be managed in real time. This can reduce the increase
in the fee for an asset or prevent an unnecessary gen-
eration of the asset that is not to be used.
[0137] Further, by constructing the blockchain network
100, data on an interchange or transaction of renewable
energy (for example, data related to electricity (electricity-
related data), data related to surplus electricity (surplus
electricity-related data), data related to electricity short-
age (electricity shortage-related data) are recorded to
establish evidentiality, and this can leave the evidence
of the usage of renewable energy. The mechanism pro-
vided by the blockchain network 100 can serve as a
means to certify the value of renewable energy other than
serving as a certificate. The mechanism can be a means
to ensure evidentiality at a low cost compared to the cost
of issuing a certificate, through system automation. Fur-
ther, unlike the certificates, the mechanism can facilitate
the usage of renewable energy by adding the value of
renewable energy to real electricity. Further, the mech-
anism can distinguish cases where, for example, the val-
ue of renewable energy is allocated after using fossil fu-
els, such as petroleum. By standardizing the mechanism
using the blockchain network 100, a mechanism in which
each entity (company) can easily participate in using re-
newable energy can be created. There are new stake-
holders of various types of energy, who have conceptual
ideas, such as balancing the supply-demand of renew-
able energy among multiple companies, but have not yet
implemented such conceptual ideas in practical business
operations. Such conceptual ideas can be achieved by
providing APIs to such stakeholders, and this can lead
to the creation of new businesses.
[0138] Further, as another method for interchanging
electricity, such as the above-described method, for ex-
ample, a method for adjusting electricity among multiple
entities (companies) that are aggregated by an aggrega-
tor is known in the art. However, each of the aggregated
entities (for example, electric power companies) estab-
lishes a separate contractual relationship to use this
method, and this may limit the scope of adjustment. An
advantage of using blockchain technology is that the
blockchain network 100 itself has characteristics to es-
tablish evidentiality and contractual relationships, and
this allows companies to execute flexible transactions
via blockchain ledgers by the blockchain network 100.
[0139] Further, in any one of the above-described em-
bodiments, electricity is used as an asset, but an asset
is not limited to this. As described below, examples of
the asset include an asset that exists physically (or in
reality)) and an asset that does not exist physically (or in
reality). The data related to electricity (electricity-related
data) serves as data related to the asset. The data related

to surplus electricity (surplus electricity-related data)
serves as data related to a surplus of the asset. The data
related to electricity shortage (electricity shortage-related
data) serves as data related to a shortage of the asset.
[0140] Examples of the asset that exists physically (or
in reality) include food items such as grains, vegetables,
fruits, meat, seafood, and processed products. When the
asset is grains, vegetables, or fruits, the data related to
the asset includes, as the "type of production method,"
supplementary information such as information indicat-
ing whether pesticides were used or information indicat-
ing the producer or the place of production.
[0141] When the asset is meat, the data related to the
asset includes, as the "type of production method," sup-
plementary information such as information indicating
whether the meat is from an animal raised using genet-
ically modified crops or information indicating the produc-
er or the place of production.
[0142] When the asset is seafood such as fish or shell-
fish, the data related to the asset includes, as the "type
of production method," supplementary information such
as information indicating whether the seafood is natural
or aquaculture origin or information indicating the pro-
ducer (fisherman) or the production area (fishing area).
[0143] When the asset is processed products, the data
related to the asset includes, as the "type of production
method," supplementary information such as information
indicating an allergen, information indicating whether the
product has been processed using genetically modified
crops, or information indicating the location of the proc-
essor or the processing plant.
[0144] Further, examples of the asset that exists phys-
ically (or in reality) include real estate, such as land and
buildings, and movable property such as goods or quan-
tities of goods.
[0145] When the asset is real estate, the data related
to the asset includes supplementary information indicat-
ing, for example, ownership rights. When the asset is
movable property, the data related to the asset includes
supplementary information indicating, for example, own-
ership rights.
[0146] On the other hand, examples the asset that
does not exist physically (or in reality) include tokens (vir-
tual currency) or quantities of tokens, carbon dioxide
emission credits, intellectual property rights, and con-
tracts.
[0147] When the asset is one or more tokens, the data
related to the asset includes supplementary information
indicating, for example, ownership rights.
[0148] When the asset is one or more carbon dioxide
emission credits, the data related to the asset includes
supplementary information indicating, for example, own-
ership rights.
[0149] When the asset is one or more rights such as
an intellectual property right, the data related to the asset
includes supplementary information indicating, for exam-
ple, the holder of the rights, the assignee of the rights,
and the licensee.
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[0150] When the asset is one or more contracts, the
data related to the asset includes supplementary infor-
mation indicating, for example, contract conditions and
performance statuses. Further, not only contracts, but
also treaties, agreements, commitments, memorandums
(memos), notes, and other similar documents may be
treated as an asset in substantially the same manner as
contracts.
[0151] Further, as an asset involving post-payment
processing, the asset may be, for example, gas, tap wa-
ter, or communication, in addition to electricity. In the
case of gas, water, or communication, the data related
to the asset includes supplementary information indicat-
ing, for example, ownership rights.
[0152] Further, the electricity produced by solar light
serves as an asset produced by a specific type of pro-
duction method. Examples of the asset produced by the
specific type of production method include an asset pro-
duced by any one of various "types of production meth-
ods" as described above.
[0153] Further, the CPU 101 may be a single device
or multiple devices.
[0154] Further, each of the functions of the above-de-
scribed embodiments may be implemented by one or
more processing circuits or circuitry. Processing circuitry
includes a programmed processor, as a processor in-
cludes circuitry. A processing circuit also includes devic-
es such as an application-specific integrated circuit
(ASIC), a digital signal processor (DSP), a field-program-
mable gate array (FPGA), a system on a chip (SOC), a
graphics processing unit (GPU), and conventional circuit
components arranged to perform the recited functions.
[0155] Further, any of the above-described programs
may be stored in a (non-transitory) recording medium for
distribution.
[0156] Any one of the above-described operations may
be performed in various other ways, for example, in an
order different from the one described above.
[0157] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked
processing apparatuses. The processing apparatuses
include any suitably programmed apparatuses such as
a general-purpose computer, a personal digital assistant,
a Wireless Application Protocol (WAP) or third-genera-
tion (3G)-compliant mobile telephone, and so on. Since
the present invention can be implemented as software,
each and every aspect of the present invention thus en-
compasses computer software implementable on a pro-
grammable device. The computer software can be pro-
vided to the programmable device using any convention-
al carrier medium (carrier means). The carrier medium
includes a transient carrier medium such as an electrical,
optical, microwave, acoustic or radio frequency signal
carrying the computer code. An example of such a tran-
sient medium is a Transmission Control Protocol/Internet

Protocol (TCP/IP) signal carrying computer code over an
IP network, such as the Internet. The carrier medium may
also include a storage medium for storing processor
readable code such as a floppy disk, a hard disk, a com-
pact disc read-only memory (CD-ROM), a magnetic tape
device, or a solid-state memory device.

Claims

1. An intermediary system (5c1) of an intermediary for
intermediating transactions of an asset between a
supplier of the asset and a user of the asset, the
intermediary system (5c1) comprising:

a reception unit (51c 1, 102) configured to

receive, through a blockchain network,
each of a plurality of amounts of supply for
a specific asset produced by a specific type
of production method, each of the plurality
of amounts of supply being supplied by a
corresponding one of a plurality of suppliers
within a fixed period, and
receive, through the blockchain network, an
amount of usage of the specific asset used
by a predetermined user within the fixed pe-
riod; and

a transmission unit (51c1, 102) configured to
transmit, to another intermediary system (5c2)
of another intermediary, a request for transfer
of the specific asset corresponding to an amount
of shortage of the specific asset based on a
shortage of the specific asset to be intermediat-
ed to the predetermined user, the shortage be-
ing indicated by a difference between a sum of
the plurality of amounts of supply and the
amount of usage.

2. The intermediary system (5c1) of claim 1, wherein
each of the plurality of suppliers and the predeter-
mined user have previously entered into a transac-
tion contract for the specific asset.

3. An intermediary system (5c1) of an intermediary for
intermediating transactions of an asset between a
supplier of the asset and a user of the asset, the
intermediary system (5c1) comprising:

a reception unit (51c1, 102) configured to

receive, through a blockchain network, an
amount of supply for a specific asset pro-
duced by a specific type of production meth-
od, the amount of supply being supplied by
a predetermined supplier within a fixed pe-
riod, and

27 28 



EP 4 432 206 A1

16

5

10

15

20

25

30

35

40

45

50

55

receive, through the blockchain network,
each of a plurality of amounts of usage of
the specific asset used by a corresponding
one of a plurality of users within the fixed
period; and

a transmission unit (51c1, 102) configured to
transmit, to another intermediary system (5c2)
of another intermediary, a request for transfer
of the specific asset corresponding to an amount
of shortage of the specific asset based on a
shortage of the specific asset to be intermediat-
ed a specific one of the plurality of users, the
shortage being indicated by a difference be-
tween the amount of supply and a sum of the
plurality of amounts of usage.

4. The intermediary system (5c1) of claim 3, wherein
the supplier and each of the plurality of users have
previously entered into a transaction contract for the
specific asset.

5. An intermediary system (5c1) of an intermediary for
intermediating transactions of an asset between a
supplier of the asset and a user of the asset, the
intermediary system (5c1) comprising:

a reception unit (51c1, 102) configured to

receive, through a blockchain network,
each of a plurality of amounts of supply for
a specific asset produced by a specific type
of production method, each of the plurality
of amounts of supply being supplied by a
corresponding one of a plurality of suppliers
within a fixed period, and
receive, through the blockchain network,
each of a plurality of amounts of usage of
the specific asset used by a corresponding
one of a plurality of users within the fixed
period; and

a transmission unit (51c1, 102) configured to
transmit, to another intermediary system (5c2)
of another intermediary, a request for transfer
of the specific asset corresponding to an amount
of shortage of the specific asset based on a
shortage of the specific asset to be intermediat-
ed a specific one of the plurality of users, the
shortage being indicated by a difference be-
tween a sum of the plurality of amounts of supply
and a sum of the plurality of amounts of usage.

6. The intermediary system (5c1) of claim 5, wherein
each of the plurality of suppliers and each of the plu-
rality of users have previously entered into a trans-
action contract for the specific asset.

7. The intermediary system (5) of any one of claims 1
to 6, wherein
the specific asset is electricity that is produced by
renewable energy.

8. A transaction system (1), comprising:

the intermediary system (5c1) of any one of
claims 1to 6; and
the other intermediary system (5c2).

9. A requesting method performed by an intermediary
system (5c1) of an intermediary, the intermediary
system (5c1) intermediating transactions of an asset
between a supplier of the asset and a user of the
asset, the method comprising:

receiving (S11), through a blockchain network,
each of a plurality of amounts of supply for a
specific asset produced by a specific type of pro-
duction method, each of the plurality of amounts
of supply being supplied by a corresponding one
of a plurality of suppliers within a fixed period;
receiving (S33), through the blockchain net-
work, an amount of usage of the specific asset
used by a predetermined user within the fixed
period; and
transmitting (S116), to another intermediary
system (5c2) of another intermediary, a request
for transfer of the specific asset corresponding
to an amount of shortage of the specific asset
based on a shortage of the specific asset to be
intermediated to the predetermined user, the
shortage being indicated by a difference be-
tween a sum of the plurality of amounts of supply
and the amount of usage.
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