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ENERGY MANAGEMENT METHOD AND SYSTEM THEREOF, AND GUI 

METHOD 

[Field of Art] 

[0001] 

The present invention relates to an energy management method and system, and 

to a GUI method. In detail, the present invention relates to an energy management 

method and system, and to a GUI method using an estimate model. 

The present application claims priority based on, and incorporates herein by 

reference, the content of Japanese patent application No. 2011-042413, filed on February 

28, 2011. 

[Background Art] 

[0002] 

Patents, patent application, patent publications, and scientific publications will 

be cited below and clearly described and, to describe prior art related to the present 

invention sufficiently, the content thereof are incorporated herein by reference. 

In recent years, to prevent global warming, there has been a strong desire to 

reduce greenhouse gas and make effective use of limited resources. Given this, in using 

various energy such as electricity, fuel, steam, heat, and compressed air and the like, in 

order to make more efficient use of these energies, various energy management 

techniques have been proposed and made practically usable. 

[0003] 

A specific energy management method is, as disclosed in Patent Reference 1, a 

method in which environmental factors are combined with estimate factors of an estimate 

model estimating the quantity of energy consumption, so as to enable an accurate 

estimate of the energy savings when facilities are changed or maintained, without the 

influence of changes in environmental factor. 

Prior Art References 

Patent Reference 
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[0004] 

Patent Reference 1: Japanese Unexamined Patent Application, First Publication No, 

2007-18322 

Summary of the Invention 

Problem to Be Solved by the Invention 

[0005] 

However, in order to improve the energy efficiency in an overall factory or plant, 

it is thought to be insufficient to build environmental factors into estimate factors of an 

estimate model for each of facilities used in a factory. 

[0006] 

That is, in using an estimate model to optimize the energy efficiency in an 

overall factory, it is desirable that, in addition to environmental factors, energy 

characteristics corresponding to the operating mode in units of facilities in the factory and 

the running mode of the overall factory be reflected. 

[0007] 

The present invention was in consideration of such problems, and implements an 

energy management methodology that enables accurate optimization of energy 

efficiency. 

Means to Solve the Problem 

[0008] 

In an aspect of the invention, an energy management method includes 

identifying a target of energy management; monitoring a time-transitionable status of the 

target of energy management; and defining at least one estimate model to estimate the 

quantity of energy consumption and the quantity of energy conversion associated with at 

least one status of the target of energy management, and the energy consumption and the 

energy conversion being caused by operation of the target of energy management. 

[0009] 
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In another aspect of the invention, defining the estimate model includes defining 

a plurality of the estimate models associated with each of a plurality of different statuses 

of the target of energy management. 

[0010] 

In another aspect of the invention, the method further includes estimating, based 

on the plurality of estimate models, the quantity of energy consumption and the quantity 

of energy conversion, the energy consumption and the energy conversion being caused 

by operation of the target of energy management. 

[0011] 

In another aspect of the invention, the target of energy management facilities 

(described below) includes a device, an instrument, an apparatus, an equipment, a facility, 

a process line, facilities and a factory. 

[0012] 

In another aspect of the invention, the method further includes: dividing the 

target of energy management into a plurality of boundaries, wherein monitoring the 

time-transitionable status includes monitoring at least one time-transitionable status of the 

plurality of boundaries, and defining the estimate model includes defining at least one 

estimate model associated with at least one status of the boundaries. 

[0013] 

In another aspect of the invention, the method further includes correcting the 

estimate model, based on at least one actually measured value of the quantity of energy 

consumption and the quantity of energy conversion of each of the plurality of different 

statuses. 

[0014] 

In another aspect of the invention, correcting the estimate model includes 

selecting one of permissibility and impermissibility to perform automatic estimate model 

correction; and storing of a plurality of histories of the estimate model corrections to 

enable selection of pre-correction version of the estimate model. 

[0015] 
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In another aspect of the invention, the estimate model associated with one status 

of facilities is defined in article name. 

[0016] 

In another aspect of the invention, the estimate model is a compound model that 

is synthesized by an association between two or more boundaries of different facilities. 

[0017] 

In another aspect of the invention, an energy management apparatus includes: a 

monitoring unit configured to measure the actual quantity of energy consumption and the 

actual quantity of energy conversion of a target of energy management that either 

consumes or converts energy by its operation, and to monitor a time-transitionable status 

of the target of energy management; an estimate model definition unit configured to 

define at least one estimate model to estimate the quantity of energy consumption and the 

quantity of energy conversion, the energy consumption and the energy conversion being 

caused by operation of the target of energy management associated with at least one 

status of the target of energy management; an estimate model storage unit configured to 

store the estimate model; and an estimate model correction unit configured to correct and 

store the estimate model stored in the estimate model storage unit, based on the quantity 

of energy consumption and the quantity of energy conversion, the energy consumption 

and the energy conversion being caused by operation of the target of energy management. 

[0018] 

In another aspect of the invention, the monitoring unit is configured to measure 

each a quantity of energy consumption and a quantity of energy conversion of a plurality 

of boundaries generated by dividing the target of energy management and to monitor 

each time-transitionable status of the plurality of boundaries; the estimate model 

definition unit is configured to define at least one estimate model to estimate a quantity of 

energy consumption and a quantity of energy conversion, the energy consumption and 

the energy conversion being caused by operation of each of the plurality of boundaries 

associated with at least one status of each of the plurality of boundaries; and the estimate 

model correction unit is configured to correct the estimate model based on the quantity of 
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energy consumption and the quantity of energy conversion, the energy consumption and 

the energy conversion being caused by operation of each of the plurality of boundaries, 

and to store the estimate model in the estimate model storage unit. 

[0019] 

In another aspect of the invention, an energy management system GUI method, 

includes: identifying a plurality of targets of energy management from among energy 

generation facilities, energy allocation facilities, and energy demand facilities; 

monitoring a time-transitionable status of the targets of energy management; defining an 

estimate model associated with one status of the targets of energy management; and 

estimating, based on the defined estimate model, a quantity of energy consumption and a 

quantity of energy conversion, the energy consumption and the energy conversion being 

caused by operation of the targets of energy management; displaying first and second 

boundaries in association with one another, the first boundary including the energy 

demand facilities and the second boundary including at least one of the energy generation 

facilities and the energy allocation facilities. 

[0020] 

In another aspect of the invention, displaying the first and second boundaries 

includes displaying first-order information of a past facilities energy value, and 

second-order information, which is processed or generated based on the first-order 

information, the first-order information and the second-order information distinguished 

from each other. 

[0021] 

In another aspect of the invention, displaying the first and second boundaries 

includes displaying discriminately a first display/operation window screen handling only 

the first-order information and a second display/operation window screen handling only 

the second-order information. 

[0022] 

In another aspect of the invention, displaying the first and second boundaries 

includes displaying the status in the form of a dynamic state transition diagram. 
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[0023] 

In another aspect of the invention, the dynamic state transition diagram is a 

hierarchically structured bubble chart with correspondence to facilities within boundaries 

of the targets of energy management. 

[0024] 

In another aspect of the invention, the bubble chart includes bubbles performing 

input definition and/or output display associated with each of the facilities statuses that 

transition along the time axis, caused by operation of the target of energy management; a 

state transition route providing a connection between arbitrary bubbles and specifying a 

transition path between facilities statuses, wherein the state transition route defines, as a 

boundary condition, a state during transition between the arbitrary facilities statuses. 

[0025] 

In another aspect of the invention, the target of energy management operates 

based on production schedule information. The energy management system GUI 

method further includes estimating the quantity of energy consumption and the quantity 

of energy conversion in the future, based on the estimate model and the production 

schedule information. 

[0026] 

In another aspect of the invention, an energy management system, includes 

energy management facilities being operable based on a production schedule and 

consuming and converting energy by operation; a monitoring unit configured to monitor 

the time-transitionable status, the quantity of energy consumption, and the quantity of 

energy conversion of the energy management facilities; an external information input unit 

configured to obtain and output external information; and an energy management 

apparatus configured to manage the quantity of energy consumption and the quantity of 

energy conversion of the energy management facilities, based on the external information, 

wherein, in the energy management system: the energy management apparatus includes a 

production schedule information storage unit that stores the production schedule 

information, a facilities information storage unit that stores facilities information of the 
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energy management facilities, an external fluctuation factor information storage unit that 

stores the external information obtained by the external information input unit, a facilities 

actual performance value storage unit that receives as facilities actual performance values 

from the monitoring unit and stores a quantity of energy consumption and a quantity of 

energy conversion of the energy management facilities, a boundary setting unit 

configured to divide targets of energy management into a plurality of boundaries, an 

estimate model definition unit configured to define a plurality of estimate models to 

estimate a quantity of energy consumption and a quantity of energy conversion associated 

with at least one status in each of the plurality of boundaries, based on the production 

schedule information, the facilities information, and the facilities actual performance 

value, an estimate model correction unit configured to correct the plurality of estimate 

models, based on the facilities actual performance value and the external information, and 

a GUI display unit configured to synthesize and display by a GUI the plurality of 

estimate models corrected by the estimate model correction unit. 

[0027] 

In another aspect of the invention, the GUI display unit configured to estimate 

and display the quantity of energy consumption and the quantity of energy conversion in 

the future, based on the estimate models and the production schedule information. 

Effect of the Invention 

[0028] 

The present invention can optimize energy efficiency with high accuracy. 

Brief Description of the Drawings 

[0029] 

FIG. 1 is a block diagram showing an embodiment of an energy management 

system to which an energy management method according to the present invention is 

applied. 

FIG. 2 is a flowchart describing the operational flow in FIG. 1. 

FIG. 3 is a format example of a table input method. 

FIG. 4 is a format example of a bubble chart input method. 
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FIG. 5 A is an energy characteristic example drawing produced by the flowchart 

process illustrated in FIG. 2. 

FIG. 5B is a drawing showing the relationship between the status change of 

facilities 1 along with time axis and the quantity of energy consumption . 

FIG. 6A is a divided setting example drawing of a plurality of boundaries 

according to the present invention. 

FIG. 6B is a divided setting example drawing of a plurality of boundaries 

according to the present invention. 

FIG. 6C is a divided setting example drawing of a plurality of boundaries 

according to the present invention. 

FIG. 7 is a drawing in which an operator, based on a production plan, assigns a 

facilities operation plan. 

Best Mode for Carrying Out the Invention 

[0030] 

An embodiment of the present invention will be described with reference 

drawings in detail as follow. The following description of an embodiment of the present 

invention is a specific description of the invention set forth in the attached claims and 

equivalents thereto, and is not for the purpose of restricting the present invention, which 

will be understood by a person skilled in the art, based on the content of the present 

disclosure. 

In the following description, the term "energy," similar the definition in ISO 

50001, refers to electricity, fuel, steam, heat, compressed air, and other similar media. 

[0031] 

The term "facilities" is the collective name of physical space that is positioned as 

a target of energy management, this including, for example, a factory, various process 

lines installed within a factory; elemental parts constituting or associated with these 

process lines, instruments, apparatuses, and equipment in the narrow sense; and facilities 

installed within a factory, equipment in the narrow sense, instruments, and elements 

installed in a factory in a condition independent from these process lines. 
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[0032] 

The term "factory" is facilities (group) that manufacture products of a plurality 

of or a single brand, and is constituted by a plurality or a single process line and an 

energy supply facility/facilities supplying energy or the like thereto. Examples are a 

semiconductor factory and a petrochemical plant or the like. 

[0033] 

A "facility" is a building or facilities made for a specific purpose. Examples 

are an energy supply facility within a factory and a printed circuit production facility or 

the like. In a printed circuit production facility, a single or a plurality of process lines 

are provided. 

[0034] 

A "process line" is the unit of production producing products of a plurality of or 

a single brand, and is constituted by a series of facilities and apparatuses. Examples 

include an automotive assembly process line or the like. An "equipment" is a functional 

unit constituted by a plurality of or a single apparatus or instrument. Examples include 

a desulfurizing equipment or a heat sourcing equipment or the like. 

[0035] 

"Apparatus" is a collection of mechanisms having a given function. Examples 

include a semiconductor production apparatus or the like. 

An "instrument" is the collective name for fixtures, machines, and mechanisms. 

Examples include motors, pumps, and the like. 

"Devices" are apparatuses and fixtures having a specific function. They are 

used as the constituent elements of facilities and instruments. Example includes stream 

flow sensors, valves, and the like. 

[0036] 

A "boundary" is an arbitrary closed space that can establish facilities in the 

broad sense as a target of energy control. That is, the establishment of a part of the 

above-described facilities in the broad sense, for example, a part of a factory, as a target 

of energy management is referred to as a boundary. The quantity of energy 
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consumption and the quantity of conversion of a target of energy management established 

by a boundary are managed. These boundaries can be freely defined and changed, and 

can be the target of estimate models by software equations. Such equation models can 

synthesize a plurality of equation models, and can be made into a hierarchy by division 

into a plurality of equation models depending upon the object of energy management. 

[0037] 

While a major object of energy management is the effective usage of energy, 

there are detailed objects such as discovery of and countermeasures with respect to the 

wasteful use of energy, management of and countermeasures with respect to not meeting 

a target for energy efficiency in units of facilities (groups) or boundaries, prediction of a 

quantity of consumption for the purpose of energy procurement planning, and 

management of and countermeasures with respect to energy efficiency for each 

production brand. 

[0038] 

In the present invention, depending upon the object of dealing with energy, 

facilities related to energy use are classified as energy demand facilities, and facilities 

related to energy supply are classified as energy supply facilities. 

[0039] 

A factory is a typical example of energy demand facilities. A factory can be 

divided into a hierarchy in units of constituent elements. For example, it can be treated 

as a collective model in which boundaries in units of apparatuses, equipment, facilities 

(in a narrow sense), and lines are established. 

[0040] 

In general, in energy efficiency management in energy demand facilities such as 

a factory, energy demand facilities are divided into a plurality of boundaries 

(sub-facilities) of an appropriate number. Then, for each of the sub-facilities or group of 

sub-facilities, energy efficiency management is performed. In addition energy 

efficiency management is performed in units of organization and units of buildings. In 

setting the boundaries, the quantity of energy consumption and ease of measurement are 
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considered. In general, prominent energy-consuming facilities such as an electric 

furnace are positioned as the target for focused management among energy demand 

facilities, and it is considered best to perform energy management thereof as a category 

separate from other facilities on an assembly line or the like. That is, treating prominent 

energy-consuming facilities such as an electric furnace as a boundary in a different 

category enable efficient energy management. 

[0041] 

Energy management requires measurement and analysis, and for this reason 

incurs costs. For this reason, from the standpoint of recovering investments, it is 

rational to gradually expand the scope of management, starting with facilities having 

large energy consumption and facilities for which large improvement can be made in 

energy efficiency. 

[0042] 

In contrast, there are so-called BTGs (boilers, turbines, and generators) that are 

typical energy supply facilities. Many energy demand facilities use the output from 

BTGs that are energy supply facilities, that is, stream, electrical power and the like, as 

drive power source for production, diriving, and operation. In energy supply facilities 

as well, similar to energy demand facilities, arbitrary boundaries can be established by 

dividing boundaries in a hierarchal manner. The object of energy supply facilities is the 

conversion of energy. For example, the conversion of fuel to steam and electrical 

energy is performed. 

[0043] 

FIG. 1 is a block diagram showing an embodiment of an energy management 

system to which the energy management method of the present invention is applied. In 

FIG. 1, the energy supply facilities 1 have energy generation facilities la that generate 

energy, and energy allocation facilities lb that distribute energy generated by the energy 

generation facilities la to energy demand facilities 2. 

[0044] 
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The energy generation facilities 1 a have a monitor/control system las for the 

purpose of monitoring and controlling so that the energy generation facilities la operate 

appropriately, in accordance with the operation settings and operation conditions. The 

energy allocation facilities lb have a monitor/control system lbs for the purpose of 

monitoring and controlling so that the energy allocation facilities lb operate 

appropriately, in accordance with the operation settings and operation conditions. The 

energy demand facilities 2 have a monitor/control system 2s for the purpose of 

monitoring and controlling so that the energy demand facilities 2 operate appropriately, 

in accordance with the operation settings and operation conditions. The monitor/control 

systems las, lbs, and 2s have sensors and control facilities suitable to the constitutions of 

each of the facilities. 

[0045] 

The monitor/control systems 1 as, lbs, and 2s are connected via a communication 

network 3 to an external information input unit 4 and an energy management apparatus 5. 

Of the monitor/control systems las, lbs, and 2s, ones that are close to the energy 

management apparatus 5 may be directly connected by a communication line separate 

from the communication network 3. 

[0046] 

The external information input unit 4 has a service function that, for example, 

obtains weather data such as weather forecast values or weather observation values and 

supplies the weather data to the energy management apparatus 5 via the communication 

network 3. The function of the external information input unit 4 may be performed by 

any of the monitor/control systems las, lbs, and 2s. 

[0047] 

There are cases in which the characteristics of the energy supply facilities 1 and 

the energy demand facilities 2 are influenced by meteorological conditions such as 

temperature and humidity. The external information input unit 4 obtains and captures 

into the energy management apparatus 5 weather data such as weather forecast values or 

weather observation values. Using the weather data captured into the energy 
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management apparatus 5, the relationship between the weather data and the quantity of energy 

consumption is modeled and analyzed. 

[0048] 

The energy management apparatus 5 is, for example, constituted by at least one personal 

computer or workstation or the like. The energy management apparatus 5 has functions such as an 

interface function, a display/operation function, and a function that obtains, generates, manages, 

verifies, adjusts, and stores various information. 

[0049] 

The energy management apparatus 5 has facilities external information interface unit 5 a, 

a GUI display console unit 5b, a first-order information interface unit 5c, a production schedule 

information acquisition unit 5d, a production schedule information storage unit 5e, facilities 

energy characteristic generation unit 5f, facilities infomiation acquisition unit 5g, facilities 

information storage unit 5h, an external fluctuation factor information acquisition unit 5i, an 

external fluctuation factor infomiation storage unit 5j, facilities energy characteristic adjustment 

unit 5k, facilities actual performance value storage unit 5m, facilities energy characteristic 

verification unit 5n, a second-order information interface unit 5p, facilities energy characteristic 

synthesis unit 5q, and an estimate model storage unit 5r. 

[0050] 

In the energy management apparatus 5, the facilities external information interface unit 

Sa has an input/output function that performs exchange processing of various information between 

the energy management apparatus 5 and external devices and the like, via a communication 

network 3. The facilities external information interface 5a is connected to a GUI display console 

unit 5b that has a function that handles input of operations from an operator and a function that 

displays to the operator. The facilities external information interface unit 5a is connected also to 

the first-order infomiation interface 5c. 

[0051] 
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The GUI display console unit 5b has a display function and an operation 

interface function that use a GUI. The GUI display console unit 5b, for example, in 

making a window display, by a comprehensive display within a single window, or 

providing a common design or color scheme in display frames even with multiple 

windows, can impart consistency to the display function and the operation interface 

function. 

[0052] 

The production schedule acquisition unit 5d is connected to the first-order 

information interface unit 5c. The production schedule storage unit 5e is connected to 

the production schedule acquisition unit 5d. The production schedule storage unit 5e is 

connected to the facilities energy characteristic generation unit 5f (estimate model 

definition unit). 

[0053] 

The production schedule information acquisition unit 5d uses a communication 

function to capture production schedule information that includes production information 

such as brands and schedule information stored in an external server (not shown) into the 

energy management apparatus 5 and store them into the production schedule information 

storage unit 5e. The production schedule information may be directly input by the 

operator via the GUI display console unit 5b. 

[0054] 

The facilities information acquisition unit 5g is connected to the first-order 

information interface unit 5c. The facilities information storage unit 5h is connected to 

the facilities information acquisition unit 5g. The facilities information storage unit 5h 

is connected to the facilities energy characteristic generation unit 5f. 

[0055] 

The facilities information acquisition unit 5g obtains facilities information 

(information of facilities within a boundary) stored in an external server (not shown). 

The facilities information acquisition unit 5g also directly obtains facilities information 

from a target of energy management. The facilities information acquisition unit 5g also 
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obtains facilities information recorded, edited, and deleted and the like by the operator 

operating the GUI display console unit 5b. The facilities information obtained by the 

facilities information acquisition unit 5g is stored in the facilities information storage unit 

5h. The facilities information refers to information regarding each of facilities, and is 

general facilities information (name, model name, function, specifications, and the like). 

[0056] 

The external fluctuation factor information acquisition unit 5i is connected to the 

first-order information interface unit 5c. The external fluctuation factor information 

storage unit 5j is connected to the external fluctuation factor information acquisition unit 

5i. The external fluctuation factor information storage unit 5j is connected to the 

facilities energy characteristic adjustment unit 5k and the facilities energy characteristic 

verification unit 5n. 

[0057] 

The external fluctuation factor information acquisition unit 5i stores into the 

external fluctuation factor information storage unit 5j as external fluctuation factor 

information external information input to the external information input section 4, for 

example, weather data obtained as described above. 

[0058] 

Additionally, the facilities actual performance value storage section 5m is 

connected to the first-order information interface unit 5c. The facilities actual 

performance value storage unit 5m is connected to the facilities energy generation unit 5f, 

the facilities energy characteristic adjustment unit 5k, and the facilities energy 

characteristic verification unit 5n. 

[0059] 

The monitor/control systems las, lbs, and 2s obtain monitoring information. 

The monitoring information is information obtained by the monitor/control systems las, 

lbs, and 2s monitoring the energy generation facilities la, the energy allocation facilities 

1 b, and the energy demand facilities 2. The facilities actual performance value storage 

unit 5m receives monitoring information obtained by the monitor/control systems las, 
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1 bs, and 2s and stores them as facilities energy actual performance data of the target of 

management. That is, the quantity of energy consumption of facilities or within 

boundaries is collected in the facilities actual performance value storage unit 5m. 

[0060] 

The production schedule information storage unit 5e stores production schedule 

information. The facilities information storage unit 5h stores facilities information. 

The external fluctuation factor information storage unit 5j stores external fluctuation 

factor information. The facilities actual performance value storage unit 5m stores 

facilities energy actual performance data. As a rule, the production schedule 

information stored in the production schedule information storage unit 5e, the facilities 

information stored in the facilities information storage unit 5h, the external fluctuation 

factor information stored in the external fluctuation factor information storage unit 5j, 

and the facilities energy actual performance data stored in the facilities actual 

performance value storage unit 5m are actual performance data that have been captured 

via the facilities external information interface unit 5a and stored before processing and, 

as seen from the GUI display console unit 5b, are classified as information belonging to 

the primary information interface unit 5 c. 

[0061] 

Next, the constituent elements accessed via the second-order information 

interface unit 5p will be described. Second-order information, rather than being 

first-order information such as actual facilities information or measured values from 

sensors, is information indicating predicted values and/or estimated values and the like 

related to energy in each boundary that is a target in the present energy management 

apparatus. The various parts connected to the second-order information interface unit 

5p will be described below. 

[0062] 

The facilities energy characteristic generation unit 5f defines estimate models for 

each facilities group within a target range (boundary) for which an energy estimate model 

is defined. Specifically, based on the production schedule information stored in the 
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production schedule information storage unit 5e, the actual facilities information stored in 

the facilities information storage unit 5h, and the actual facilities energy actual 

performance data stored in the facilities actual performance value storage unit 5m, the 

energy consumption characteristics and/or energy supply characteristics of each 

production brand and the facilities status (condition) are defined as estimate models for 

each of facilities, for example in the form of a table. 

[0063] 

The facilities status (condition) is, for example, whether the facilities operating 

or stopped. Additionally, the operating status is divided into standby, starting up, 

production in progress, and shut-down. FIG. 5B shows examples of statuses. 

[0064] 

In the case of facilities that produce a plurality of articles, the energy 

consumption characteristics for each produced brand is obtained by metering the quantity 

of energy consumption linked to the produced brand. It is possible to grasp the quantity 

of consumption of the brand finally produced from the factory broken down into 

constituent elements. The breaking down into constituent elements can be performed by 

the same method that is generally used for break-down into operation plans of facilities 

and apparatuses when proposing a production plan! Specifically, the finally produced 

brand is broken down into constituent elements such as constituent parts and raw 

materials and the like, and the amounts of consumption energy of the facilities actually 

producing each of the constituent elements are metered. In general, because the 

break-down into constituent elements and the metering of the quantity of energy 

consumption incur costs and require labor, giving consideration to the ratio of a produced 

brand with respect to the overall production of the factory, and the constitutional ratio of 

the quantity of energy usage of facilities groups involved in production, the actual 

metering range may be determined, and proportional division of other energy usage may 

be done using the ratio of the produced brand. 

[0065] 
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The estimate models that are defined in the facilities energy characteristic 

generation unit 5f may be defined based on characteristic information and the like 

described in catalogs of each of facilities. Also, the estimate models may be defined by 

automatic generation of an equation based on past actual performance values, having 

defined related variables. The past actual performance values, which are first-order 

information, can be obtained by referencing facilities energy actual performance values 

stored by the facilities actual performance value storage unit 5m. The function of 

automatic equation generation based on past actual performance values is effective also 

in the case of defining hypothesized energy characteristics in facilities for which it is not 

possible to obtain actual performance data, such as when there is no sensor or the sensor 

has failed. 

[0066] 

The types of facilities energy characteristics include the energy conversion 

characteristic of the energy generation facilities la, the energy conversion characteristic 

of the energy allocation facilities lb, and the energy consumption characteristic of the 

energy demand facilities 2, and each of these can be represented in tabular form. 

[0067] 

The estimate models defined by and calculation results from the facilities energy 

characteristic generation unit 5f are stored in the estimate model storage unit 5r. The 

estimate models defined by the facilities energy characteristic generation unit 5f may also 

be input to the facilities energy characteristic synthesis unit 5q. 

[0068] 

The facilities energy characteristic adjustment unit 5k has a function of 

correcting and adjusting estimate models for each produced brand and each facilities 

status stored in the estimate model storage unit 5r. That is, the facilities energy 

characteristic adjustment unit 5k is an estimate model correction unit. Specifically, the 

facilities energy characteristic adjustment unit 5k, based on the facilities energy actual 

performance data stored in the facilities actual performance value storage unit 5m and the 

external fluctuation factor information stored in the external fluctuation factor 
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information storage unit 5j, corrects and adjusts an estimate model by determining an 

offset value of the estimate model and causing this to be reflected in the estimate model. 

[0069] 

The correction and adjustment of an estimate model is performed by adjustment 

of the parameters within the estimate model. The parameters in an estimate model are 

refined using a statistical algorithm such as multiple regression and principle component 

regression or a known learning algorithm such as neural network. The parameter 

adjustment range can be arbitrarily selected within a pre-established boundary. One 

reason such parameter adjustment is required is that an estimate model (facilities energy 

characteristic) defined as an estimate model by the facilities energy characteristic 

generation unit 5f changes in accordance with the production conditions and operating 

conditions. An estimate model that is refined and/or adjusted is stored again in the 

estimate model storage unit 5r and is also input to the facilities energy characteristic 

synthesis unit 5q. 

[0070] 

The facilities energy characteristic synthesis unit 5q synthesizes estimate models 

of facilities energy characteristics of facilities (groups) defined by the facilities energy 

characteristic generation unit 5f or this estimate model and an estimate model of facilities 

energy characteristics refined and/or adjusted by the facilities energy characteristic 

adjustment unit 5k. 

[0071] 

That is, estimate models of facilities energy characteristics defined in units of 

individual facilities constituting each of facilities or in units of specified facilities groups 

are synthesized. The scope of synthesis can be arbitrarily established as a boundary. 

For example, with regard to all facilities constituting the energy generation facilities I a, if 

the estimate models representing the facilities energy characteristics thereof are summed 

together, it is possible to model the overall consumed energy characteristics of the energy 

generation facilities la. In the same manner, with regard to all facilities constituting the 

energy allocation facilities lb, if the estimate models representing the facilities energy 
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characteristics thereof are summed together, it is possible to model the overall consumed 

energy characteristics of the energy allocation facilities lb. With regard to all facilities 

constituting the energy demand facilities 2, if the estimate models representing the 

facilities energy characteristics are summed together, it is possible to model the overall 

energy consumed energy characteristics of the energy demand facilities 2. In this 

manner, it is possible to determine the quantity of energy consumption and/or the 

quantity of energy conversion of a process that is the combination of a plurality of 

facilities. However, it is not necessary to model all facilities, and if the boundaries are 

appropriately established and an overall factory is modeled by combining 

macroboundaries with boundaries corresponding to actual facilities, labor and cost are 

reduced and efficiency is achieved. 

[0072] 

The synthesized estimate models are can be referenced from the GUI display 

screen of the GUI display console unit 5b as model estimate values of the facilities (or 

groups of facilities) within a boundary. The synthesized estimate models are also 

provided to the facilities energy characteristic verification unit 5n. 

[0073] 

Also, with the flow of energy that is supplied, by establishing boundaries from 

the energy generation facilities la to the energy allocation facilities lb, and then to the 

energy demand facilities 2, so as to straddle a plurality of facilities, it is possible to 

synthesize estimate models for facilities in an arbitrary sub-hierarchal level of different 

facilities. 

[0074] 

For example, in the case of establishing a bounding that straddles between a 

plurality of facilities, crossing over each border between an energy generation facilities, 

an energy allocation facilities, and an energy demand facilities, the compound model that 

is generated is a demand-and-supply collaboration type. This demand-and-supply 

collaboration type (RENKEI Type) of model is effective as an evaluation means in 

collaboration control between facilities, with the object being an improvement in the 
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energy efficiency. This is because it is possible to perform overall optimization that 

straddles across facilities with regard to the form of energy consumption. 

[0075] 

The facilities energy characteristic verification unit 5n makes a comparison 

under the same conditions, with the external fluctuation factor information stored in the 

external fluctuation factor information storage unit 5j, the facilities energy performance 

data of the target of energy management stored in the facilities actual performance value 

storage unit 5m, and the energy characteristic estimate model synthesized by the facilities 

energy characteristic synthesis unit 5q as the input. That is, a comparison is performed 

with the conditions actually used for operation, for example, with the conditions of the 

energy actual performance data. By doing this, the facilities energy characteristic 

verification unit 5n calculates the difference amounts of each of the quantity of energy 

generation, the quantity of allocation, and the quantity of consumption. For example, in 

the case in which something is done on the demand side to improve the energy efficiency, 

the difference between the quantity of energy consumption output by the estimate model 

made in the status before that was done and the actual quantity of consumption is taken as 

the quantity of energy reduction. The facilities energy characteristic verification unit 5n 

also has a function of performing diagnosing the operating condition of each of the 

current facilities, using KPI monitoring, which will be described later. 

[0076] 

The GUI display console unit 5b, via the second-order information interface 5p, 

operates the facilities energy characteristic generation unit 5f, the facilities energy 

characteristic adjustment unit 5k, the facilities energy characteristic synthesis unit 5q, the 

facilities energy characteristic verification unit 5n, and the estimate model storage unit 5r. 

These five constituent elements are provided for the purpose of handling information 

such as multiply processed and re-re-generated prediction information, based on past 

actual performance values and on production plan and weather conditions, which are 

first-order information obtained via the facilities external information interface unit 5a, 

this information being second-order information. 
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[0077] 

The GUI display screen of the GUI display console unit 5b displays, for example, 

a comprehensive display of collected second-order information within a single window, 

or a common design or color scheme in display frames even with multiple windows, 

thereby enabling the imparting of consistency to the display and operation. It is 

therefore possible to systematically divide the GUI display screen that handles the 

second-order information from the above-described GUI display screen handing the 

first-order information. This enables a clearcut distinction between the GUI display 

screen that handles the second-order information from the above-described GUI display 

screen handing the first-order information, thereby the convenience of operation and 

discrimination is improved. For example, if a pop-up window is output on the GUI 

display screen as an alarm or information notification, it is possible to immediately 

distinguish by the window frame design or color scheme whether the notification is 

derived from the first-order information interface 5c or from the second-order 

information interface 5p. 

[0078] 

FIG. 2 is a flowchart describing the operational flow in FIG. 1. 

First, in step SI, the operator, via the setting GUI screen provided in the GUI 

display console 5b, defines the facilities that are to be targets of energy management. 

The setting GUI screen is provided in the GUI display console unit 5b, and is for the 

purpose of graphically defining the scope of facilities to be included in one group, that is, 

the above-described boundaries. The setting GUI screen is used to record, change, and 

delete facilities names, operating statuses, and time scheduling and the like. By this 

definition function, a time chart for each of facilities, each produced article, and each 

operating status is completed. 

[0079] 

Next, at step S2, the operator defines the facilities energy characteristic. 

Specifically, in accordance with the time charts for each of facilities, brands, and statuses 
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defined at step SI, the energy consumption characteristics and energy supply 

characteristics for each status are defined. 

[0080] 

Methods that can be envisioned for defining the facilities energy characteristic 

include the table input method shown in FIG. 3, and the bubble chart input method by the 

state transition chart shown in FIG. 4. In the following description, the boundaries are 

treated as being individual facilities. 

[0081] 

FIG. 3 shows the facilities energy characteristics of facilities (boundaries) 

constituting the energy demand facilities 2 in the form of a two-dimensional matrix 

setting table. There is a setting table for each of facilities. FIG. 3 shows the display of 

the setting table for facilities 1, below which is the setting table for facilities 2. The 

vertical direction in the setting tables represents the statuses A to C of the facilities. The 

horizontal direction in the setting tables represents the names of variables and units 

corresponding to each of the statuses A to C and equations relating each variable to 

energy. 

[0082] 

FIG. 4 is a representation of the facilities energy characteristics of facilities 

constituting the energy demand facilities 2, represented as a hierarchal bubble chart. By 

a dynamic state transition GUI, it is possible to define (input) and display (output) each 

status of the facilities more dynamically. 

[0083] 

The bubbles SA, SB, and SC in FIG. 4 each correspond to the facilities statuses 

A, B, and C defined in the setting table of facilities 1 shown in FIG. 3. It shows that the 

bubble SB is hierarchically defined. The bubble Shalt that is not in FIG. 3 defines the 

stopped condition because of an abnormality or ongoing maintenance of the facilities 1. 

Using variables, equations, logical notation ("if then else" and the like) defining bubbles 

corresponding to each status, it is possible to perform coding with regard to each facilities 

energy characteristic (demand, allocation, and generation). Bubble chart input, in 
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contrast to table input, has the advantage of being able to define routes of state transitions 

between each of the facilities statuses and with regard to boundary conditions. For 

example, in FIG. 4, "Condition Def. (SC-SB)" is an example of defining the status with 

regard to the period of time of transition from the facilities status B to the facilities status 

C. 

[0084] 

In the GUI method of either the table display shown in FIG. 3 or the bubble 

chart display shown in FIG. 4, for the same bounding and the same logical notation, 

mutual conversion is possible with respect to the treatment of input sections and/or 

display sections on the GUI interface. 

[0085] 

By using these input and display sections, it is possible to define, for example, 

the following each information, in facilities energy characteristics (estimate models), for 

each of facilities and each of facilities statuses. 

- Number of variables 

- Variable names and units 

- Number of parameters 

- Parameter names and units 

- Relational equation with energy (variables, parameter) 

- Existence or non-existence of automatic parameter adjustment 

- Automatic parameter adjustment conditions (a plurality of conditions such as brand, 

fixed period, and condition agreement can be selected) 

- Actual performance value acquisition time period 

[0086] 

Based on the information defined at step SI and step S2, it is possible to define, 

in association with the status of the facilities, the energy consumption characteristics and 

energy supply characteristics of each of facilities and each produced brand. 

[0087] 
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FIG. 5A is an energy characteristic example drawing derived from them. FIG. 

5A shows the energy characteristics for each status. The horizontal axis is the time axis. 

The five statuses illustrated in FIG. 5A are, from the top, "planned production time," 

"executed production time," "production time," "apparatus operating time " and "time 

contributing to production." 

[0088] 

The constitution of each of the times is defined as follows. 

Planned production time (POT: Production order time/order duration): the 

production time set in the production plan beforehand. 

Executed production time (TPT: Throughput time/execution time): Time of 

production activity, from the start of production until the end of production. 

Production time (BT: Busy time): Time consumed in one production operation 

(lot). 

Apparatus operating time (PCT: Process time): The apparatus operating time, 

regardless of the output. 

Time contributing to production (PDT: Production time/Main usage time): 

Time for production of output that becomes product. 

Apparatus setup time (ESUT: Effective setup time): Time for setup of an 

apparatus for production. 

Transportation time (TT: Transportation time): Time for transport between 

apparatuses or from a warehouse. 

Waiting time (WT: Wait time/Set aside time): Set aside time and time 

waiting for transportation to the next process. 

Delay time (DeT: Delay time): Time an apparatus is stopped because of 

failures and defects. 

Additionally, the mutual relationships between the above are as follows. 

Executed production time TPT = 2 (Production time BT + Transportation time 

TT + Waiting time WT) 

Production time BT = Apparatus operating time PCT + Delay time DeT 
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Apparatus operating time PCT = Time contributing to production PDT + 

Apparatus setup time ESUT 

[0089] 

During the time contributing to production PDT there are cases in which there is 

a proportional increase in the quantity of energy consumption in accordance with the 

quantity of production (heat source apparatuses and the like) and those in which it is 

constant (heating furnace or the like), this being established by the characteristic of 

boundary. The apparatus setup time ESUT is the status in which facilities (group) are 

started up from the completely stopped condition, during which the quantity of energy 

consumption gradually increases with the elapse of time. The delay time DeT is the 

status in which an apparatus is temporarily stopped because of failure or maintenance, 

this indicating an example in which there is a large energy consumption such as when in 

production. Depending upon the facilities, there are many cases in which, after a 

temporary stop, the consumed energy gradually decreases until a given amount of time 

elapses, after which it decreases to the energy in the standby condition. The 

transportation time TT and the waiting time WT is the status in which preparation work is 

done to change to the production of a different lot, the quantity of energy usage 

decreasing with the elapse of time, until ultimately the quantity of energy usage in the 

standby condition is reached. 

[0090] 

In this manner, a model of the facilities energy characteristics, associated with a 

plurality of variables and parameters related to the status for each of facilities is referred 

to as an estimate model or an energy baseline model. In the following description, the 

term energy baseline model will also be used. By inputting various variables, the 

estimated energy amount for facilities before an improvement or for the ideal condition 

or the like is determined. 

[0091] 

FIG. 5B shows the relationship between the change in status of the facilities 1 

along the time axis and the quantity of energy consumption. The horizontal axis in FIG. 
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5B is the time axis. The facilities 1 in FIG. 5B are one that manufactures a product of a 

single brand. The facilities 1 receive a startup instruction and start, and go into the 

operating status after going through operation preparation after an operation instruction, 

and then stop upon receiving a stop instruction after going through preparation for 

stopping. The energy consumed when this occurs rises to the rated energy at time tl 

after the startup instruction, and remains in that state until an operation instruction. 

After an operation instruction, the operation capacity is reduced in accordance with the 

required quantity of production over the time t2, and the energy also is reduced 

accordingly. After that, operation starts. During operation, energy is consumed in 

proportion to the amount of production by the energy characteristics as shown in the 

graph of FIG. 5B. When a stop instruction is received, the capacity is linearly reduced, 

and the energy also decreases. Further, after the time t4 of small energy usage, there is a 

complete stoppage. 

[0092] 

When facilities production products of a plurality of articles, there are cases in 

which the energy characteristics will differ for each article. For example, in the case of 

placing material in a heating furnace to heat it, the temperature rise pattern will differ for 

each article. In such cases, energy characteristics of operational status should be 

defined by each article. With regard to startup and stopping of the facilities as well, if 

the characteristics differ between articles, either there is division between each article for 

the startup characteristics, or all statuses are managed differently, with the facilities and 

the article taken as a set. 

[0093] 

The use of a method such as this enables automatic adjustment conditions for 

model parameters to be given to each of facilities and each status. For example, 

therefore, it is possible to update only the models of facilities that have been subjected to 

maintenance, or to perform partial updating of estimate models for model adjustments of 

only some given produced article, this being an advantage, not only in improving 
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prediction accuracy of energy consumption, but also in saving calculation processing 

resources. 

[0094] 

Returning to FIG. 2 to continue the description, next at step S3, the operator 

obtains production schedule information from an external system server (not shown) 

connected to the target energy management apparatus 5. The production schedule 

information is the production plan for each of facilities in the form of data and, based on 

the production schedule information, the production schedules for articles and production 

amounts in each of facilities are determined. The obtained production schedule 

information is, for example, described as time-series information for produced articles 

and production amounts approximately one day or one week into the future, and is stored 

in the production schedule information storage unit 5e. 

[0095] 

At step S4, the operator inputs the process variables (for example, header 

pressure P and intake temperature T) used and equation parameters defined at step S3. 

[0096] 

Then, at step S5, the operator verifies whether or not automatic estimate model 

adjustment is to be done and, if there is no automatic adjustment, processing transitions to 

step S6, but if there is automatic adjustment, transition is made to the process of step S10 

and thereafter. 

[0097] 

At step S6, in the case in which a plant is divided into a plurality of boundaries 

(facilities (group)), the operator, by synthesizing the definitions of each of the partitioned 

boundaries (facilities (group)), can determine the overall plant energy consumption 

characteristics. The method of synthesis will be described later. 

[0098] 

At step S7, the energy management apparatus collects the quantity of energy 

usage actual performance values from the monitor/control system of the boundary 

(facilities (group)) that is the target of energy management and makes a comparison with 
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the estimated energy consumption derived from the energy baseline model, generating 

the difference therebetween as the KPI (energy efficient index). The KPI is not 

restricted to this, and other candidates can be envisioned. 

[0099] 

At step S8, the energy management apparatus repeatedly executes the processing 

of step S3 to step S7 until all of the boundaries (facilities (group)) defined as targets of 

energy management have been completed. 

[0100] 

Then, at step S9, the energy management apparatus displays on the display 

screen of the GUI display console 5b the KPI calculation results for all the boundaries 

(facilities (group)) in step S7. 

[0101] 

At step S5, the energy management apparatus, in the case in which automatic 

estimate model adjustment is required, the external factor information is first obtained at 

step SI0. In defining the facilities energy characteristics at step S2, because not only 

plan information, but also the case in which weather conditions (temperature, humidity, 

and the like) are variables is considered, the energy management apparatus collects as 

external factor information, for example, the forecast and actual values of the weather 

from the external information input unit 4. 

[0102] 

Then, at step SI 1, the energy management apparatus obtains the plant 

information actual performance values defined by the facilities energy characteristics. 

[0103] 

At step SI2, the energy management apparatus uses the actual performance 

values of step S10 and step SI 1 to automatically calculate the parameters defined as the 

facilities energy characteristics. The actual performance values used in the calculation 

are the variables defined at step S2. 

[0104] 



30 

The automatic parameter calculation can be done using various algorithms. An 

example of a parameter derivation method using multiple regression, which is a type of 

multivariate regression method, will be described below. 

[0105] 

The time band of the elapsed time after a change of status of the k-th data with 

respect to an arbitrary facilities status is taken as i (immediately after the change of status 

is set to zero) and the energy consumption estimate value of the facilities at that time is 

taken as Y(k,i). Y(k,i) is assumed to be calculable by the linear linkage of N actually 

measured data shown by Equation (1). 

[0106] 

Y(k> i )=2 ia "(0* (l) 
n-l 

[0107] 

In the above, an(i) is a partial regression coefficient and Xn(k,i) is the n-th 

observed for the purpose of calculating Y(k,i). If Equation (1) and the N an(i) and 

Xn(k,i) are given beforehand, the value estimated by the calculation of Equation (1) is 

taken as mY(k,i). If the observed actual performance value observed in the i-th time 

band of the k-th time is taken to be Y(k,i) and the sum of the squares in the learning 

period of the approximation error of the estimated value with respect to the actual 

performance value in the i-th time band is taken to be Qi, we obtain Equation (2). 

[0108] 

Qf=£ {mY(k, i) - Y(k, i)}2 (2) 
£=1 

[0109] 

In order to determine the an(i) that minimizes the sum of the squares Qi error, 

by taking the partial differentiation of both sides of Equation (2) with ai(i) and setting 

this to zero and substituting Equation (1) into Y(k,i), we obtain the following equation. 
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[0110] 

If J5T K. 

I>"(?')• £Xn{k,i)»Xm{k,i)=^Xn(Li)»Y(k,/) (3) 
m=l £=l k=1 

[0111] 

In the above n=l, 2,3,... N. 

It is possible to solve the N simultaneous equations of Equation (3) for each time 

band i to determine the partial regression coefficients an(i). 

[0112] 

If the energy characteristics of a process exhibit non-linearity, the model can be 

made non-linear by using non-linear regression. 

[0113] 

Using the time after a change in a facilities status in this manner, it is possible to 

adjust the model parameters for each time band separately, so as to obtain energy usage 

estimated values based on actual past values. 

[0114] 

This enables automatic readjustment of the model parameters at a given timing, 

and enables the tracking of a model to variations in production and production conditions. 

It is also possible to estimate, based on the production schedule information, the future 

quantity of energy consumption or energy conversion. 

[0115] 

Next, at step SI3, the energy management apparatus re-registers the estimate 

model parameters calculated at step S12 into the estimate model storage unit 5r. 

Because a history of corrections is held in the estimate model storage unit 5r, the estimate 

model can be returned to any arbitrary state. Alternatively, it is possible to use a 

pre-established estimate model. 

[0116] 

When the processing of step S13 is completed, transition is made to step S6. 

[0117] 
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FIG. 6A is a divided setting example drawing of a plurality of boundaries based 

on the present invention, in which parts that are in common with FIG. 1 are assigned the 

same reference numerals. FIG. 6A describes the interface of the facilities energy 

characteristic generation unit 5f of FIG. 1. Facilities are divided hierarchically into a 

plurality of boundaries, each being taken as a target of energy management. Each 

boundary is constituted by a plurality of facilities constituent elements. In FIG. 6A, the 

energy allocation facilities lb and the energy demand facilities 2 are made into a 

hierarchal tree structure of a plurality of facilities constituent elements. A specific 

boundary of the energy allocation facilities lb (facilities bl-2) and specific boundaries of 

the energy demand facilities 2 (facilities 21-2-1 to facilities 21-2-4) are mutually 

associated with one another and displayed. 

[0118] 

The energy generation facilities la may also be made into a hierarchal tree 

structure. Additionally, the specific boundary of the energy generation facilities 1 a and 

the specific boundaries of the energy demand facilities 2 may be mutually associated and 

displayed. 

In the break-down into a tree structure, it is preferable that the break-down be in 

a manner that matches the actual facilities constitution in the aspect of facilities 

management, and in the energy management aspect, the degree of break-down is 

determined based on ease of measurement and the size of the energy usage amount. 

[0119] 

This enables an evaluation and judgment with regard to the time lag (delay in 

response time) by spread of the influence and quantitative degree of influence 

(responsiveness), the influence being caused by status variation (change) of either one to 

the other among energy allocation infrastructure lb (and/or the energy generation 

infrastructure 1 a) and the energy demand facilities 2. 

[0120] 

Additionally, by synthesizing the boundaries of both the energy allocation 

facilities lb (and/or the energy generation facilities la) and the energy demand facilities 2 
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as a compound model of demend-and-supply collaboration type, it is possible to perform 

energy management and demand-and-supply collaboration modeling that accommodate a 

wide-range boundary that straddles between the demand-and-supply facilities. From the 

standpoint of a collaboration and also complementary type that was not possible to 

achieve with an estimate model of just one of the energy allocation facilities lb (and/or 

the energy generation facilities la) and the energy demand facilities 2, doing this can be 

expected to discover new energy efficiency improvement countermeasures. 

[0121] 

For example, in the case of performing energy management within a given 

factory, targets of energy management such as facilities within the factory are divided 

into a number of boundaries and are modeled by boundaries (sub-facilities and 

sub-facilities groups) and the energy efficiency is managed. The boundaries may be 

established so as to manage in units of organizations or buildings or the like. The 

boundaries may be established with consideration given to the energy usage amount and 

ease of measurement and the like. The management may be done at first for an overall 

building, and next management may be done divided between "prominent 

energy-consuming facilities" and "other" facilities. Specifically, for example, because 

the amount of energy used by a heating furnace is large, the apparatus is used as the 

boundary. In contrast, because the energy used in an assembly factory is relatively 

small, a group of apparatuses as a boundary can be managed in units of process lines. 

After an improvement in the energy efficiency of a heating furnace is completed, the 

assembly process boundary can be divided, after which a part having a large energy 

usage amount can be managed as a boundary, so as to conduct efficient management. 

FIG. 6B is an example of the initial boundary settings. There are three boundaries, 

boundary 1 being a utility facilities group, boundary 2 being a heating furnace, and 

boundary 3 being other production facilities. In the next step, boundary 1 is divided into 

two boundaries, and boundary 3 is divided into three boundaries. The arrows between 

the boundaries show the flow of objects and energy. Facilities and apparatuses are 

shown as being mixed inside boundaries. 
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[0122] 

When creating an estimate model that encompasses a plurality of facilities 

within an established boundary, two methods exist. 

[0123] 

The first method is to focus on the individual facilities within a boundary and to 

code the input/output conditions of each, the outbound response conditions (behavior), 

the capacity range, the internal operation state (status) type and the definition thereof, the 

sequence and temporal nature of operation, information regarding energy measurement, 

and information regarding the measurement of variables related to energy individually, 

and to evaluate simultaneously each of the energy characteristics by performing parallel 

calculations taking these as a group of a plurality of independent estimate models. The 

span between calculated results from this group of estimate models and the actual values 

can be a means of extracting problems to solve in making improvements regarding local 

collaboration and linked conditions and the like between facilities within a boundary 

region. 

[0124] 

The second method is to include information such as of individual facilities and 

apparatuses within a boundary, and also to code the input/output conditions when the 

outside is viewed from the overall boundary region, the outbound response conditions 

(behavior), the capacity range, the internal operation state (status) type and the definition 

thereof, the sequence and temporal nature of operation, information regarding energy 

measurement, and information regarding the measurement of variables related to energy 

and the like. That is, the overall established boundary is treated as being virtual single 

facilities in constituting (synthesizing) an estimate model. 

[0125] 

For example, if as a result of utilizing the first method optimization within a 

boundary region is achieved to some degree, as the next step, switching to the second 

method and further expanding the scope of the target of energy management can be one 
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method of achieving overall optimization. For example, raw materials and products are 

defined as input/output conditions with respect to the outside. 

[0126] 

The relationship between raw materials and products in the case, for example, of 

heat sourcing facilities (group), is one in which the raw materials correspond to electrical 

energy or gas and the like, and the product corresponds to cold water or hot water. Cold 

water is used not only for air conditioning, but also as production cooling water. In the 

case of production robot facilities (group), parts being processed, electrical energy, or 

production cooling water correspond to the raw materials, and parts after processing 

correspond to the product. The products after processing are treated as the raw 

materials for the final assembly line. This type of relationship is described later. 

[0127] 

The most effect way to optimize the energy efficiency is to perform energy 

management using an appropriate combination of the first method and the second 

method. 

[0128] 

For example, because using only the first method involves too much cost and 

labor, it is not necessarily practical. Given this, in general, only facilities groups with 

regard to "prominent energy-consuming" are selected from within a boundary, and the 

first method is applied to only these facilities groups at each of the facilities. The 

second method is applied to the many other facilities, that is, the many other facilities are 

constructed as an estimate mode that codes the behavior of not individual facilities, but 

rather the overall boundary. 

[0129] 

In this manner, if boundaries are constituted for estimate models that are nested 

or made hierarchal, using combinations of different degrees of setting resolution, it is 

possible to achieve effective energy management in accordance with the management 

objective and management policy. In designing the optimum boundary resolution 
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setting and overall structure, it is important to considering the tradeoff between the 

achieved effect versus the cost or labor. 

[0130] 

Because facilities other than "prominent energy-consuming" facilities usually 

incur excessive labor and cost, the boundary setting resolution of the estimate model 

should be set low (rough). That is, using the second method to create an estimate model 

in which the individuality of each of the facilities constituting a boundary region are 

subsumed and buried greatly facilitates management, operation, and maintenance of 

estimate models in units of boundaries. 

[0131] 

According to the method and apparatus of the present invention, with regard to 

the status of all facilities (the collection term for production facilities using energy, such 

as a facility, an equipment, facilities, an apparatuses, an instrument, and an element) or 

statuses related to the change in the quantity of energy usage and/or the quantity of 

energy supply, the relationship of variables related to the quantity of energy usage and/or 

the quantity of energy supply is coded, and it is possible to obtain a facilities modeling 

function capable of estimate calculation of the quantity of energy usage and/or the 

quantity of energy supply of facilities having a function that defines a calculation 

equation or a condition equation that calculates the quantity of energy usage and/or the 

quantity of energy supply. 

[0132] 

In this case variables include instructions (values) from outside that specify 

facilities operation conditions, measurement values related to facilities operation, 

information regarding internal operation of facilities, time information, and operating 

times from a status change. 

[0133] 

The facilities modeling function has a facilities information definition function 

capable of coding at least a status of facilities being in operation, and the quantity of rated 

energy consumption or rated energy supply at that time. 
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[0134] 

In this modeling function, the difference between the quantity of actual energy 

usage or energy supply at the time of operation of the facilities and an estimated quantity 

of energy usage is evaluated. Doing this makes the following correction to the estimate 

model (facilities energy characteristics), based on the actual energy information. The 

conditions for correction of the estimate model (facilities energy characteristics) are the 

case in which an abnormal state does not occur in the facilities, and the case in which a 

modification has been made to the facilities. 

[0135] 

For each of facilities, selection or combination of "automatic correction" and 

"manual correction" can be done as the method of correcting the estimate model 

(facilities energy characteristics). Automatic correction can be done to the estimate 

model for specific facilities only, and the prohibition of correction with respect to the 

estimate model of specific facilities can be specified. Because the history of estimate 

model corrections is successively stored, return can be made to an arbitrarily specified 

point in time if necessary. 

[0136] 

1) Automatic Correction 

A: Statistical values of the relationship between variables and energy are used 

to automatically correct the estimate model (facilities energy characteristics) by a moving 

average, overall average, or the like. 

B: One-shot data of the time period after a specified condition is satisfied until 

a specified condition is satisfied is used to calculate the facilities energy characteristics 

for each status and automatically correct the estimate model. Time as a variable is 

applied in the case in which the facilities energy characteristic is changed. 

C: A statistical value of time-series data of the time period after a specified 

condition is satisfied until a specified condition is satisfied is used to automatically 

correct the estimate model. 

2) Manual Correction 
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Using past trend data, the data for a specified time period is used to correct the 

estimate model. 

[0137] 

In setting up the estimate model (facilities energy characteristic) at first, taking 

into consideration whether or not the above-noted B of "1) Automatic Correction" or "2) 

Automatic Correction" can be used, an item can be added if necessary. C of "1) 

Automatic Correction" is effective in automatic correction in the case in which there is 

variation in the energy in a time element for even the same status. 

[0138] 

By comparing the estimated quantity of energy usage and/or energy supply of 

facilities obtained by inputting the above-noted variables obtained during actual operation 

of the facilities to the above-noted estimate model with the actual quantity of energy 

usage and/or energy supply of the facilities, the effect of reduction of the quantity of 

energy usage and/or energy supply in accordance with repair of the facilities can be 

calculated as a ratio or absolute quantity. 

1) Ratio (quantity of energy usage (and quantity of energy supply) per unit time 

(for example, kW/kW) 

2) Absolute value of energy reduction (for example, kWh) 

[0139] 

In this connection, it is possible to make a distinction as well regarding 

abnormalities in the quantity of energy usage and the quantity of energy supply. 

1) The case of exceeding a defined variation. 

2) Comparison at a defined comparison timing. 

[0140] 

By these, by defining an estimate model for the purpose of predicting, based on 

production information, facilities information (status), and various variables, the quantity 

of energy usage and the quantity of energy supply in the facilities of targets of energy 

management, it is possible to create an index that serves as a fair basis regarding energy 

usage. 
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[0141] 

It is also possible to simulate the estimated energy consumption in the case of an 

assumed production condition and plant conditions based on the estimate model and 

determine the difference with respect to the actual quantity of energy usage, thereby 

enabling use as the KPI (energy efficiency index) of the reduced energy absolute amount, 

reduction ratio, or the like in energy-saving operation. By constantly monitoring this 

KPI, it is possible to diagnose for abnormalities in the facilities and to estimate in energy 

source units. 

[0142] 

Also, using the time-series estimated energy consumption quantity obtained 

from the estimate model, it is possible to propose an optimum operating plan for energy 

generation facilities, this enabling the expectation of the achievement of a further energy 

savings. 

[0143] 

When the production conditions and plant conditions are input to the baseline 

model, it is possible to simulate the hypothesized energy amount corresponding thereto 

with greater accuracy. The hypothesized energy amount is a future consumed energy 

trend based on a production plan. By determining the difference between that and the 

actual energy usage quantity, use is possible as the KPI (energy efficiency index) of the 

reduced absolute amount, reduction ratio, or the like. 

[0144] 

Additionally, in the case in which the energy baseline model satisfies a specified 

condition, automatic correction is possible. Because this is possible in accordance with 

the resolution of the model definition by individual facilities, individual status and 

individual produced article and the like, it is possible to perform not overall model 

adjustment, but rather partial model adjustment, thereby providing the expectation of 

improved prediction accuracy and efficient use of computer resources. 

[0145] 
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This effect will be described based on the screen embodiment of FIG. 7. FIG. 7 

is a drawing showing the assignment by an operator of a facilities operation plan, based 

on a production plan, as shown in the center section of FIG. 7. The upper section of 

FIG. 7 shows a production plan. The center section of FIG. 7 is a graphical display of 

the usage plan of each of facilities. When the operator double clicks on the center 

section of the screen, FIG. 5B appears. The lower section of FIG. 7 shows the predicted 

future trend of power consumption. In FIG. 7, 1/30/9 is taken as the present time. 

Because the energy consumption trend is defined for each operation status, as shown in 

FIG. 5B, of each of facilities, by totaling the consumption amounts for all facilities in 

accordance with this facilities plan, it is possible to determine the future consumed 

energy trend, which is displayed in the lower section. By predicting the future 

consumed energy trend in this manner, it is possible, for example, in the case of electrical 

power, to learn of a demand overage at an early point. In the bottom section of FIG. 7, 

the straight line at the top indicates the contracted for electrical power amount. It is 

possible, using this trend as a reference, to re-adjust of the production schedule or 

average out electrical power load, giving consideration to energy. Using this energy 

trend, it is possible to envision an optimum production facilities plan, giving 

consideration to the quantity of production and operating restrictions of the energy 

producing facilities, thereby enabling the expectation of a further energy savings. 

[0146] 

As described above, according to the present invention, it is possible to 

implement energy management techniques that can optimize energy efficiency with high 

accuracy. 

Although the foregoing has been an exemplary demonstration regarding 

preferred embodiments of the present invention, these are only examples of the present 

invention, and should not be considered to be restricting, and the present invention can be 

subjected to additions, omissions, replacements, and other changes within the scope 

thereof That is, the present invention is not restricted to the above-described 

embodiments, but rather is limited by the scope of the attached claims. 
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Usability in Industry 

[0147] 

The present invention can be widely applied to targets of energy management in 

a factory or plant in which it is desired to improve the energy efficiency. 

Description of the Reference Numerals 

[0148] 

1 Energy supply facilities (target of energy management) 

1 a Energy generation facilities (target of energy management) 

las Monitor/control system (monitoring unit) 

lb Energy allocation facilities (target of energy management) 

lbs Monitor/control system (monitoring unit) 

2 Energy demand facilities (target of energy management) 

2s Monitor/control system (monitoring unit) 

3 Communication network 

4 External information input unit 

5 Energy management apparatus 

5a Facilities external information interface unit 

5b GUI display console unit 

5c First-order information interface unit 

5d Production schedule acquisition unit 

5e Production schedule storage unit 

5f Facilities energy characteristic generation unit (estimate model definition unit) 

5g Facilities information acquisition unit 

5h Facilities information storage unit 

5i External fluctuation factor information acquisition unit 

5j External fluctuation factor information storage unit 

5k Facilities energy characteristic adjustment unit (estimate model correction unit) 

5m Facilities actual performance value storage unit 
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5n Facilities energy characteristic verification unit 

5p Second-order information interface unit 

5q Facilities energy characteristic synthesis unit 

5r Estimate model storage unit 
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Claims 

1. An energy management method comprising: 

defining a plurality of boundaries for targets of energy management; 

monitoring a time-transitionable status of at least one of the plurality of 

boundaries; and 

defining at least one estimate model to estimate the quantity of energy 

consumption and the quantity of energy conversion associated with at least one status in 

each of the plurality of boundaries, and the energy consumption and the energy 

conversion being caused by operation of the targets of energy management. 

2. The energy management method according to claim 1, wherein defining the 

estimate model comprises defining a plurality of the estimate models associated with 

each of a plurality of different statuses in each of the plurality of boundaries. 

3. The energy management method according to claim 2, further comprising 

estimating, based on the plurality of estimate models, the quantity of energy consumption 

and the quantity of energy conversion, the energy consumption and the energy 

conversion being caused by operation of the targets of energy management. 

4. The energy management method according to claim 1, wherein the targets of 

energy management comprise a device, an instrument, an apparatus, an equipment, a 

facility, a process line, facilities and a factory. 

5. The energy management method according to claim 1, wherein defining the 

plurality of boundaries for the targets of energy management comprises defining a 

boundary for a target of energy management, the quantity of energy usage of which is 

relatively large, and defining a boundary for targets of energy management, the quantity 

of energy usage of which is relatively small. 
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6. The energy management method according to claim 1, further comprising 

correcting the estimate model, based on at least one actually measured value of the 

quantity of energy consumption and the quantity of energy conversion of each of the 

plurality of different statuses. 

7. The energy management method according to claim 6, wherein correcting the 

estimate model comprises: 

selecting one of permissibility and impermissibility to perform automatic 

estimate model correction; and 

storing of a plurality of histories of the estimate model corrections to enable 

selection of pre-correction version of the estimate model. 

8. The energy management method according to claim 2, wherein the estimate 

model associated with one status of facilities is defined in article name. 

9. The energy management method according to claim 1, wherein the estimate 

model is a compound model that is synthesized by an association between two or more 

boundaries of different facilities. 

10. An energy management apparatus comprising: 

a monitoring unit configured to measure the actual quantity of energy 

consumption and the actual quantity of energy conversion of each of a plurality of 

boundaries, and to monitor a time-transitionable status of each of the plurality of 

boundaries, the plurality of boundaries being defined for targets of energy management 

that either consume or convert energy by their operations; 

an estimate model definition unit configured to define at least one estimate 

model to estimate the quantity of energy consumption and the quantity of energy 

conversion, the energy consumption and the energy conversion being caused by operation 

of each of the plurality of boundaries associated with at least one status of each of the 
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plurality of boundaries; 

an estimate model storage unit storing the estimate model; and 

an estimate model correction unit configured to correct the estimate model 

stored in the estimate model storage unit, based on the quantity of energy consumption 

and the quantity of energy conversion and to store the corrected estimate model in the 

estimate model storage unit, the energy consumption and the energy conversion being 

caused by operation of each of the plurality of boundaries. 

11. An energy management system GUI method, comprising: 

defining a plurality of boundaries for targets of energy management; 

monitoring a time-transitionable status of at least one of the plurality of 

boundaries; 

defining an estimate model associated with at least one status in each of the 

plurality of boundaries; 

estimating, based on the defined estimate model, a quantity of energy 

consumption and a quantity of energy conversion, the energy consumption and the 

energy conversion being caused by operation of the targets of energy management; and 

displaying first and second boundaries in association with one another, the first 

boundary including energy demand facilities as the targets of energy management and the 

second boundary including at least one of energy generation facilities and energy 

allocation facilities as the targets of energy management. 

12. The energy management system GUI method according to claim 11, wherein 

displaying the first and second boundaries comprises displaying first-order 

information of a past facilities energy value, and second-order information, which is 

processed or generated based on the first-order information, the first-order information 

and the second-order information distinguished from each other. 

13. The energy management system GUI method according to claim 12, wherein 
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displaying the first and second boundaries comprises displaying discriminate^ a 

first display/operation window screen handling only the first-order information and a 

second display/operation window screen handling only the second-order information. 

14. The energy management system GUI method according to claim 11, wherein 

displaying the first and second boundaries comprises displaying the status in the 

form of a dynamic state transition diagram. 

15. The energy management system GUI method according to claim 14, wherein the 

dynamic state transition diagram is a hierarchically structured bubble chart with 

correspondence to facilities within boundaries of the targets of energy management. 

16. The energy management system GUI method according to claim 15, wherein 

the bubble chart includes: 

bubbles performing input definition and/or output display associated with each 

of statuses of each of the targets of energy management that transition along the time axis, 

caused by operation of the targets of energy management; and 

a state transition route providing a connection between arbitrary bubbles and 

specifying a transition path between the statuses of each of the targets of energy 

management, 

wherein the state transition route defines, as a boundary condition, a state during 

transition between the arbitrary statuses of each of the targets of energy management. 

17. An energy management method according to claim 1, wherein the targets of 

energy management operate based on production schedule information, 

the energy management method further comprises: 

estimating the quantity of energy consumption and the quantity of energy 

conversion in the future, based on the estimate model and the production schedule 

information. 
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18. An energy management system, comprising: 

energy management facilities being operable based on a production schedule 

information and consuming and converting energy by operation; 

a monitoring unit configured to monitor the time-transitionable status, the 

quantity of energy consumption, and the quantity of energy conversion of the energy 

management facilities; 

an external information input unit configured to obtain and output external 

information; and 

an energy management apparatus configured to manage the quantity of energy 

consumption and the quantity of energy conversion of the energy management facilities, 

based on the external information, 

wherein, in the energy management system: 

the energy management apparatus comprises: 

a production schedule information storage unit that stores the production 

schedule information, 

a facilities information storage unit that stores facilities information of the 

energy management facilities, 

an external fluctuation factor information storage unit that stores the external 

information obtained by the external information input unit, 

a facilities actual performance value storage unit that receives as facilities actual 

performance values from the monitoring unit and stores a quantity of energy consumption 

and a quantity of energy conversion of the energy management facilities, 

a boundary setting unit configured to define a plurality of boundaries for the 

energy management facilities, 

an estimate model definition unit configured to define a plurality of estimate 

models to estimate a quantity of energy consumption and a quantity of energy conversion 

associated with at least one status in each of the plurality of boundaries, based on the 

production schedule information, the facilities information, and the facilities actual 

performance value, 
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an estimate model correction unit configured to correct the plurality of estimate 

models, based on the facilities actual performance value and the external information, and 

a GUI display unit configured to synthesize and display by a GUI the plurality of 

estimate models corrected by the estimate model correction unit. 

19. The energy management system according to claim 18, wherein the GUI display 

unit is configured to estimate and display the quantity of energy consumption and the 

quantity of energy conversion in the future, based on the estimate models and the 

production schedule information. 

20. The energy management system according to claim 18, wherein the GUI display 

unit is configured to display a performance index that compares first and second 

relationships, the first relationship being defined by between the quantity of energy 

consumption and the quantity of energy conversion of an arbitrary boundary and a 

variable related to the energies in a baseline time period serving as the reference for 

comparison, and the second relationship being defined by between the quantity of energy 

consumption and the quantity of energy conversion of the boundary and a variable related 

to the energies of the boundary in a reporting time period. 


