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An energy-consumption predicting system remotely mea- 

sures amounts of energy consumed by energy-consuming 

systems or an energy-consuming site; monitors and com- 

pares the real energy usage of the systems or site against 

expected or predicted values for energy consumption; ana- 

lyzes and determines likely causes for variances between the 

real and the predicted values; and recommends to the energy 
user actions for achieving optimum operation of the systems 
or site. The energy-consumption predicting system can also 
forecast the energy usage of the energy-consuming site. The 
predicted energy usage amounts are outputs of a transfer 
function that relates the amounts of energy consumed to the 

operating parameters and other energy-related variables of 
the energy-consuming systems or site. The energy-consump- 
tion predicting system also permits remote access and inter- 

action by the user and allows for integrating energy-related 
information into an overall strategy for managing the 
energy-consuming site. 
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SYSTEMS AND METHODS FOR MAKING 
PREDICTION ON ENERGY CONSUMPTION OF 

ENERGY-CONSUMING SYSTEMS OR SITES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to patent application Ser. 
No. 09/385, 510; titled "Energy Management System and 
Methods" filed on Aug. 30, 1999; which is incorporated 
herein in its entirety by reference. 

BACKGROUND OF INVENTION 

[0002] The present invention relates to systems and meth- 
ods for making prediction on energy consumption of energy- 
consuming sites. In particular, this invention relates to 
systems and methods for remotely acquiring data from 
energy-consuming systems or sites, building a model for 
energy consumption of an energy-consuming system or site, 
and providing remote access to prediction of energy con- 
sumption of the energy-consuming system or site. This 
invention also relates to systems and methods for providing 
predictions on energy consumption to an overall energy 
management system. 

[0003] Industrial installations typically incur large expen- 
ditures for energy usage. Such expenditures often are among 
the largest single cost items. As the cost of energy and fuel 
(e. g. , electricity, natural gas, diesel fuel, coal, gasoline) 
inevitably increases in the future, operators of these instal- 
lations will become more conscious of energy efficiency and 
will pay close attention to the use of energy. Therefore, there 
is a need to acquire an ability to predict energy consumption 
and to compare the current energy consumption with an 
expected or predicted value of the same parameter so that 
causes of energy efficiency shortfall may be ascertained and 
actions, such as maintenance or rescheduling of production, 
taken to bring the installation back to optimum operation. It 
is also desirable to provide the energy user with secured 
access to information on his current energy usage compared 
to a predicted or expected amount of energy used for 
performing his current task. It is also desirable to link this 
prediction to an overall energy management system for the 
installation or to an optimization model for the operation 
thereof. 

SUMMARY OF INVENTION 

[0004] A system of the present invention for predicting the 

energy consumption of an energy-consuming system or an 
energy-consuming site comprises means for measuring the 

energy consumption of energy-consuming areas and equip- 
ment of the energy-consuming system or site, means for 
determining information regarding the operation of the 
energy-consuming system or site, means for transmitting 
information about the energy consumption and the operation 
of the site to a means for receiving information, means for 
analyzing and evaluating the information, means for gener- 
ating predicted or expected amounts of energy required for 
the operation of the energy-consuming system or site, and 
means for providing access to the predicted or expected 
amounts of required energy. 

[0005] In another aspect of the present invention, the 
system for predicting energy consumption also comprises 

means for analyzing the variance between the measured and 
the predicted amounts of energy consumption and providing 
likely causes therefor. 

[0006] In another aspect of the present invention, the 
system for predicting energy consumption also comprises 
means for providing predicted amounts of energy consump- 
tion to a means for optimizing the operation of the energy- 
consuming site. 

[0007] In still another aspect of the present invention, the 
system for predicting energy consumption also comprises 
means for integrating the predicted amounts of energy 
consumption into an overall energy management system of 
the energy-consuming site. 

[0008] The present invention also provides a method for 
predicting energy consumption of an energy-consuming 
system or an energy-consuming site for performing a speci- 
fied operation thereat. The method comprises the steps of: 
measuring the energy consumption of energy-consuming 
areas and equipment of the energy-consuming system or 
site, determining information regarding the operation of the 
site, transmitting information about the energy consumption 
and the operation of the site to a means for receiving 
information, analyzing and evaluating the information, gen- 
erating predicted or expected amounts of energy required for 
the operation of the energy-consuming site, and providing 
access to the predicted or expected amounts of required 
energy. 

[0009] In another aspect of the present invention, the 
method for predicting energy consumption also comprises 
the steps of analyzing the variance between the measured 
and the predicted amounts of energy consumption and 

providing likely causes therefor. 

[0010] In another aspect of the present invention, the 
method for predicting energy consumption also comprises 
the step of providing predicted amounts of energy consump- 
tion to a means for optimizing the operation of the energy- 
consuming site. 

[0011] In still another aspect of the present invention, the 
method for predicting energy consumption also comprises 
the step of integrating the predicted amounts of energy 
consumption into an overall energy management system of 
the energy-consuming site. 

[0012] Other aspects, advantages, and salient features of 
the invention also will become apparent from a perusal of 
the following description, which, when taken in conjunction 
with the accompanying drawings, in which like parts are 
designated by like reference characters throughout the draw- 

ings, discloses embodiments of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a simplified block, schematic diagram of 
a system of the present invention for predicting energy 
consumption of an energy-consuming site. 

[0014] FIG. 2 is a flow chart for a method of the present 
invention for predictions on energy consumption of an 

energy-consuming site and for providing information to a 
user. 

[0015] FIG. 3 is a simplified block diagram of a multi- 
user- and multi-site-system for making predictions on 
energy consumption. 
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DETAILED DESCRIPTION 

[0016] FIG. 1 shows schematically a system of the present 
invention for predicting energy consumption at an energy- 
consuming site (hereinafter called "energy-consumption 
predicting system"), such as a manufacturing plant or a 

facility that uses energy. The term "energy" as used in this 
disclosure means all forms of energy and fuel that are 
consumed to operate the energy-consuming site and include, 
but are not limited to electricity, natural gas, diesel fuel, 
gasoline, fuel oil, and coal. The energy-consumption pre- 
dicting system, as embodied by the invention, comprises 
measurement systems and tools to measure, analyze, and 
evaluate amounts of consumed energy and associated meth- 
ods and use of such measurement systems and tools. It is 
envisioned that the energy-consumption predicting system 
can operate independently or constitute a sub-system of an 
overall energy management system such as that disclosed in 
pending patent application Ser. No. 09/385, 510; titled 
"Energy Management System and Methods"; filed on Aug. 
30, 1999; having the same assignee. The energy-consump- 
tion predicting system can also predict aggregated energy 
use, for example, at one or more energy-consuming sites. 

[0017] The energy-consumption predicting system moni- 
tors the current consumption of energy of an energy-con- 
suming site by collecting data on measurements of energy 
delivered to an energy-consuming site and used by the 
energy-consuming systems, equipment, and apparatuses and 
on operating parameters thereof. The energy-consumption 
predicting system determines the expected amounts of 
energy consumption of an energy-consuming system when 
it is run el5ciently, compares with the current operation of 
the energy-consuming system, and analyzes variances in the 

energy consumption. The expected or predicted amounts of 
energy consumption for an energy-consuming system are 
outputs of a transfer function for that energy-consuming 
system that has been developed from an initial long-term 
collection or from periodic update of data on energy con- 
sumption and operating characteristics of the energy-con- 
suming system. The transfer function is a mathematical 
model that relates the energy consumption to the character- 
istic operating parameters of the energy-consuming system. 
The characteristic operating parameters of an energy-con- 
suming system may include, but are not limited to, on- 
stream time, production rate, types of product made, types 
and usage quantities of raw materials, and process param- 
eters such as operating temperature, pressure, etc. Alterna- 
tively, a transfer function may be developed that relates the 
total amount of a particular form of energy consumed at an 

energy-consuming site to the characteristic operating param- 
eters thereof. The energy-consumption predicting system 
also can perform a diagnostic on the variances, presents the 
likely causes therefor, and makes a recommendation to the 

energy user regarding the operation of the energy-consum- 
ing systems, such as a maintenance action or a rescheduling 
of the various operations that use energy at the energy- 
consuming site. Wherever appropriate hardware is provided, 
the energy-consumption predicting system also may auto- 
matically take action by remote feedback control to bring the 
energy-consuming system toward its expected optimum 
performance. For example, if the energy-consuming system 
is a furnace that burns natural gas to maintain an optimum 
temperature, the feedback control may comprise reducing 
the flow of natural gas to the furnace during a period of very 

high ambient temperature because the heat loss from the 
furnace to the surroundings is lower. 

[0018] The term "energy user" is used in this invention 
disclosure in its singular form; however, the scope of the 
invention is inclusive of one or more energy users. An 
energy user may include one multi-site company in a defined 
geographical area. Alternatively, the energy user may com- 
prise one or more related or unrelated entities or companies, 
of any size, as described hereinafter, who have joined 
together to formulate and implement an overall strategy for 
their energy purchase to take advantage of their combined 
purchasing power. 

[0019] The energy-consumption predicting system pro- 
vides analyzed and evaluated data and information regarding 
the amounts of energy actually consumed, corresponding 
amounts of energy expected to be consumed, and operating 
el5ciency of the energy-consuming site such as production 
scheduling. The data and information are accessed for 
developing analytical strategies and methodologies that are 
usable to plan estimated future energy supply and future 
operation of the energy-consuming site. The energy supply 
includes energy that is generated on site or purchased from 
olf-site energy suppliers. The energy supply generated on 
site may be electricity generated by emergency generators, 
the operation of which requires the purchase of another form 
of energy, such as diesel fuel. The expenditures for such 
other forms of energy must be taken into consideration to 
provide a true assessment of the energy el5ciency of the 
energy-consuming site. The analytical strategies and meth- 
odologies can be used for reducing the total energy supply 
costs and can permit an energy user to receive enhanced 
services from a energy provider on other energy-related 
matters. Further, the energy-consumption predicting system 
comprises analytic tools that assist an energy user to analyze 
energy use information and thus reduce risks associated with 
estimated future energy prices, plans, supplies, and related 
matters. 

[0020] The energy-consumption predicting system may 

apply analytical tools to on-site energy generation, delivery, 
and use information to generate a total energy use profile 
("TEUP"). The energy use information includes energy use 
data such as energy use amounts over time, and other 
energy-related variables, such as variables that influence 
energy used (collectively, "energy use information"), as 
needed by the energy user. The TEUP comprises, but is not 
limited to, a summary of energy use information, for 
example a profile that includes at least one of summaries, 

graphs, charts, and quantifications of energy use, and 
energy-sensitive variables that influence energy use. 

[0021] The energy-consumption predicting system gener- 
ates information for an energy user to plan energy supply 
and strategies and future operation of the energy-consuming 
site. For example, the energy supply strategy includes 
whether, how, and when to invest in capital to meet the 
estimated future energy usage or whether, how much, and 
from which suppliers to purchase additional energy. This 
information could also be used by an overall energy man- 
agement system of an energy-consuming site or of an 

aggregate of related sites of a company to determine how, 
when, and from where to purchase energy based on analytic 
tools and the TEUP. Such a scenario analysis is possible with 
the present invention because the transfer function of the 
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energy-consuming site can provide predicted values for 
energy consumption with a high degree of confidence for 
many hypothetical situations. 

[0022] Energy-consumption predicting system 10 and the 
development of the transfer function for an energy-consum- 
ing site, as embodied by the invention, will now be described 
with respect to FIG. 1. The illustrated embodiments are 
merely exemplary and are not meant to limit the invention 
in any way. The energy-consumption predicting system 10 
comprises at least one energy user component 50, which is 
disposed at a energy-consuming site 100. The energy-con- 
sumption predicting system 10 also comprises at least one 
data processing module 20, that is in direct or indirect 
communication with the energy user component 50 over at 
least one communication link 30 (hereinafter "communica- 
tion link" ). Therefore, depending on the nature of the 
communication link 30 (discussed hereinafter), the data 
processing module 20 can have varied locations. For 
example, and in no way limiting of the invention, the data 
processing module 20 can be disposed at the energy-con- 
suming site 100 or disposed remote therefrom, as long as 
data processing module 20 is connected in communication 
with the energy-consuming site 100. In one embodiment of 
the present invention, data processing module 20 resides at 
a remote server that communicates with energy-consuming 
site 100 via secured communication links, such as those that 
are password-protected. In another embodiment of the 
present invention, data processing module 20 constitutes a 
central server of a computer network. 

[0023] Energy user component 50 comprises one or more 
energy use meters and other measuring devices or sensors 
that can provide information on the operation of the energy- 
consuming site. The energy use meters (hereinafter 
"meters") monitor and measure the energy amounts deliv- 
ered and used. A meter may be a fuel meter 140 monitoring 
and measuring a fuel, such as natural gas, fuel oil, or coal, 
via delivery line 138; an electricity meter 150 monitoring 
and measuring electricity supplied via electricity supply line 
148. More than one meter may be installed for one energy 
type if more than one source of that energy type is used. The 
meters may also record specific energy user information, if 
desired, for later transmission over communication link 30 
to data processing module 20. Communication links 30 may 
be hard-wired or wireless telecommunication links that may 
be, but are not limited to, telephone lines with associated 
modems, radio frequency, microwave, or satellite transmis- 
sion. As noted above, communication links may be secured 
links that protect the transmitted data. For example, the data 
may be encrypted or scrambled before transmission, and the 
encrypted or scrambled data are unencrypted or 
unscrambled at the receiving end for use by the energy user 
or by an operator of data processing module 20. A meter may 
store the energy user information for later transmission, if 
communications link 30 comprises a dial-in modem, or 
other interface to a communication channel, that is not in 
continuous communication with data processing module 20. 
If communication links 30 are in continuous communication 
with data processing module 20, then the meter need not 
record and store information. The following description 
refers to meters that monitor, measure, and record energy 
use information, however the recording of the energy use 
information is optional, depending on transmission capabil- 
ity of communication links 30. The scope of the invention 
includes any meter that can monitor, measure, and record 

energy use information. The meters include, but are not 
limited to, digital meters, analog meters, mechanical meters, 
broad-band spectrum modems, process logic control meters, 
combinations thereof, and other equivalent devices. 

[0024] As illustrated in FIG. 1, meters 140 and 150 are 
disposed at an entry point 110 into the energy-consuming 
site 100 for each energy delivery line, 138 and 148, respec- 
tively to determine the delivered energy amounts. Secondary 
meters 142 and 152 may be disposed in the energy-consum- 
ing site 100, such as, but not limited to, disposed where 
energy delivery lines split and are diverted. For example, 
secondary meters 142 and 152 can be disposed along main 
and secondary delivery lines that lead to an energy-consum- 
ing system 170. Therefore, amounts of energy used by 
individual energy-consuming systems 170 can be measured, 
monitored, and recorded. At a manufacturing site, energy- 
consuming system 170 may typically perform any of the 
functions of raw material handling and preparation, produc- 
tion, packaging of final products, by-product and waste 
management, and utility management. Other areas that also 
consume energy are, for example, offlces and laboratories. 
Exemplary energy-consuming systems 170 include, but are 
not limited to, material handling and processing equipment, 
fluid and solid conveying equipment, reactors, heat exchang- 
ers, phase separators, purification equipment, etc. 

[0025] Also, as illustrated in FIG. 1, secondary meters 
142 and 152 can be disposed at an ingress of a energy 
delivery line into a energy-consuming area 60. Thus, the 
amount of each energy type used by each energy-consuming 
area can be monitored, measured, and recorded. Alterna- 
tively, secondary meters 142 and 152 can be placed at 
branch locations (also known as "nodes") 115 on energy 
delivery lines. Thus, the energy passage amount along 
energy delivery lines can be monitored, measured, and 
recorded, for example to determine leaks in gas pipelines or 
a high electrical resistance at branch locations 115. The 
number, type, and location of the meters may be determined 

by the energy user, for example at the time the energy- 
consuming site is initially surveyed for design and installa- 
tion of the energy-consumption predicting system. 

[0026] Each meter, 140, 142, 150, and 152, monitors, 
measures, and records energy amounts that pass along its 
respective delivery line. At appropriate locations, these 
meters also may measure and record other variables, such as 
the line temperature, pressure, particulate amount, dew 
point, voltage, current, etc. The meters can monitor and 
measure energy passage, and record energy passage amount 
data as a function of time. Also, the meters alternatively 
comprise multifunctional meters, which monitor and mea- 
sure energy passage, and record energy passage amount 
data, along with additional energy-related and energy-de- 
pendent variables. The additional energy-related and energy- 
dependent variables comprise, but are not limited to, date, 
time, location, ambient temperature, ambient pressure, and 
other energy-sensitive factors that may influence energy use 
amounts. 

[0027] The meter-generated information may be transmit- 
ted to a meter data control unit 29. Meter data control unit 
29 accumulates, organizes, and then transmits the meter- 
generated information to data processing module 20, to be 
incorporated in a TEUP. Meter data control unit 29 com- 
prises an electronic unit that can provide dilfering functions, 
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such as at least one of recording, storing, time stamping, 
summarizing, and then transmitting of meter-generated 
information to data processing module 20. For example, 
meter data control unit 29 can electronically accumulate the 
meter-generated information in the form of a spreadsheet, 
table, and other suitable information forms. Such informa- 
tion may be transmitted through hard-wired or wireless 
communication links as previously noted. Examples for 
meter data control unit 29 are microcomputers, worksta- 
tions, mainframe computers, program logic controllers 
("PLCs") with memory, or data acquisition electronic cir- 
cuits having input and output ports. The meter-generated 
information is transmitted over communication link 31 to 
meter data control unit 29. Each communication link 31 
transmits the meter-generated information in a rapid fashion, 
for example, but in no way limiting of the invention, 
electronically. Similarly, any meters directly connected to 
data processing module 20 also transmit the information in 
a rapid fashion over communication links 31. Communica- 
tion link 31, and other communication links described 
hereinafter, include, but are not limited to, at least one of a 

phone modem, network connection, communication, radio 
communication and other wireless communication systems, 
cellular communication, satellite communication, web 
access communication (such as Internet or Intranet access 
communication), and combinations thereof. Alternatively, at 
predetermined frequency, data processing module 20 may 
automatically establish a link with data control unit 29 and 
access the data that have been stored therein since the 
previous data transfer event. 

[0028] The meter-generated information is typically con- 
figured by meter data control unit 29 to be conveniently 
incorporated in a TEUP 105 that is easily usable by data 
processing module 20. These configurations facilitate opera- 
tion of data processing module 20. Such configurations 
include, but are not limited to, average energy use; energy 
use over short time periods, such as 15-minute time periods; 
long time periods, such as over a day, week, month, or even 
a longer period; aggregation of use from one or a plurality 
of sites; comparison of use with historical trending infor- 
mation; peak energy demand profiles; and combinations 
thereof. Preferably, meter data control unit 29 electronically 
transmits the organized meter-generated information in a 

rapid fashion with a high degree of accuracy. For example, 
the meter-generated information is provided over commu- 
nication link 30. Alternatively, meter-generated information 
may be sent directly to data processing module 20 via 
communication links 30 and further organized in data pro- 
cessing module by software provided therein. 

[0029] A TEUP is developed for analysis and evaluation 

by data processing module 20, which in turn can analyze and 
evaluate the energy amounts and provide other energy use 
information. In this case the TEUP provides a current status 
and operation of the energy-consuming systems and energy- 
consuming site. The TEUP may comprise energy use data 
for each of a plurality energy-consuming sites 100. Infor- 
mation for the TEUP may also include particular informa- 
tion for each energy user component 50, energy-consuming 
systems 170, and each individual meter at an energy- 
consuming site 100. The TEUP content may be customized, 
for example, by an energy-consumption predicting system 
user 250, who may be an energy user or one responsible for 
managing energy-consuming site 100. 

[0030] In the case in which the meter-generated informa- 
tion is collected and organized by meter data control unit 29, 
it is further transmitted to data processing module 20 over 
communication link 111. TEUPs 105 of one or more energy 
users are collected and stored by data processing module 20. 
Data processing module 20 analyzes and evaluates the 
collected data, and can comprise any device that can collect 
data, evaluate, and analyze data. For example, and in no way 
limiting of the invention, data processing module 20 com- 
prises an analytical and electronic device, such as a main 
frame computer, a PLC, a data acquisition microcomputer, 
an analog-to-digital (A/D) converter, a digital-to-analog 
(D/A) converter, or combinations thereof. Data processing 
module 20 alternatively can comprise other appropriate 
solid-state devices that can collect, evaluate, and analyze 
data. Data processing module 20 alternatively comprises a 
central processor for overall, system-level control, and sepa- 
rate subunits performing various dilferent specific combi- 
nations, functions, and other processes under control of the 
central processor section. It will be appreciated by those 
skilled in the art that data processing module 20 can also be 
implemented using a variety of separate dedicated, program- 
mable integrated, and other electronic circuits or devices. 
These devices include hardwired electronic, logic circuits 
including discrete element circuits and programmable logic 
devices. Data processing module 20 can also be imple- 
mented using a suitably programmed general-purpose com- 
puter, such as, but not limited to, a microprocessor, micro- 
control, or other processor device having, for example, at 
least one central processing unit (CPU) or micro-processing 
unit (MPU), either alone or in conjunction with one or more 
peripheral data and signal processing devices. As necessary, 
unit 20 also may be supplemented by personnel trained to 
analyze and respond to the data. 

[0031] Data processing module 20 can analyze TEUP 105 
for each energy user component 50. Data processing module 
20 is provided, either programmed with or loaded therein at 
the time of transmission of energy use data, with particulars 
of energy-consuming site 100 to formulate a TEUP. The 
particulars may include the number of various workers at the 
energy-consuming site, the scheduled downtime for main- 
tenance, fixed energy usage independent of the production 
rate, etc. In addition, data processing module 20 is provided 
with software to perform statistical data analysis, evaluation, 
mathematical modeling, and optimization. The individual 
meters of energy-consumption predicting system 10 may 
comprise multifunctional meters that provide process vari- 
able information to data processing module 20, preferably 
through meter data control unit 29, which may preliminarily 
organize the data. The process variable information 
includes, but is not limited to, time, date, temperature, 
humidity, location, and other process-influencing variables. 
Alternatively, energy-consumption predicting system 10 
comprises a separate process variable information-providing 
unit 35, which can provide the process variable information 
for a TEUP to the data processing module 20. Variable 
information-providing unit 35 may be provided in combi- 
nation with multi-functional meters. 

[0032] Other process variables that are provided to 
develop a TEUP include, but are not limited to, raw material 
information from a raw material information unit 226, 
by-product and waste information from a by-product and 
waste information unit 230, and product information from a 

product information unit 240. These process variables are 
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merely exemplary, and are not meant to limit the invention 
in any way. Furthermore, information units 226, 230, and 
240 may be combined into one integral information unit that 
provides variable information relating to materials at the 
energy-consuming site. 

[0033] Another process-variable is ambient temperature. 
Ambient temperature will influence energy used, for 
example, because of the efflciency of the energy line insu- 
lation. Further, ambient temperature may also influence 
operations of a energy-consuming system, such as a piece of 
manufacturing equipment at production area 200. For 
example, if the production area 200 comprises an extruder 
that operates at a predetermined temperature, such as 250' 
C. , and the ambient temperature is 10' C. , more energy will 
be used to maintain the extruder temperature if energy is 
used to heat trace the extruder or to heat the raw material 
before being fed into the extruder, compared to a higher 
ambient temperature, for example 30' C. , since less extruder 
heat will be lost to the surrounding environment. Energy 
supplied to such a production area may be measured by 
meter 180. 

[0034] A further process-variable comprises the raw mate- 
rial type. The raw material type may influence the amount of 
energy used at the energy-consuming site 100, and its data 
may be provided by a raw material information unit 226. For 
example, raw material may be contained in storage silos that 
are heat traced by providing energy. If the energy-consum- 
ing equipment at production area 200 comprises an appara- 
tus that first melts raw material using energy, dilferences in 
raw material melting temperature may influence the energy 
amounts used. If a provided raw material has a higher 
melting temperature than average raw materials, for 
example due to impurities in the raw material, energy 
amounts used to melt the provided raw material may vary 
and cause more energy to be used on melting the raw 
material. Energy supplied to such a raw material storage and 
handling area may be measured by meter 210. 

[0035] The by-products and waste amounts for energy- 
consuming site 100 may similarly influence the energy 
amounts used. The by-products and waste amount data are 
provided by a by-product and waste information unit 230 
that can measure by-products and waste amounts. For 
example, if a by-product of an energy-consuming site 100 
comprises heat and if large amounts of heat above an 
expected amount of by-product heat are produced, a possible 
inelficient energy use exists. The expected amount of by- 
product heat may be an output provided by the energy- 
consumption predicting system 10 of the present invention. 
The energy-consumption predicting system 10 will advise 
an energy user of such an occurrence. 

[0036] Raw material information unit 226, by-product and 
waste information unit 230, product information unit 240, 
and process variable information unit 35 may comprise 
computers or data memory units that include analog-to- 
digital or digital-to-digital converters for receiving and 
transferring signals from sensors or meters located through- 
out energy-consuming site 100. 

[0037] Further, reducing the amounts of by-products and 
waste for the energy-consuming site 100 can represent an 
environmental and pollution control benefit of the energy- 
consumption predicting system 10. For use as in environ- 
mental and pollution control, the energy-consumption pre- 

dieting system 10 measures energy used by the energy- 
consuming site 100 and the individual energy-consuming 
areas, such as 200 and 220. The amounts of pollution 
produced per unit energy used at each energy-consuming 
site 100 are known, for example from previous benchmark- 
ing and measurement. Thus, energy-consumption predicting 
system 10 can function to determine amounts of pollution 
produced by measuring the amount of energy used. The 
determined amounts can be useful to determine if energy- 
consuming systems are operating efflciently and not expel- 
ling abnormal amounts of pollution when the amounts of 
energy used are consistent with benchmarked amounts, or 
operating inelficiently, such as when amounts of energy used 
are significantly larger than benchmarked amounts and more 
pollution is being produced. 

[0038] A still further process variable comprises product 
output information that can be provided by product infor- 
mation from product information unit 240. The product 
output, for example, parts produced over time or parts 
produced per energy unit by production area 200, is pro- 
vided to formulate the TEUP. Product information unit 240 
provides manufacturing information regarding the elficiency 
of the overall energy-consuming site 100 and production 
area 200. The manufacturing product output information 
includes, but is not limited to, product parts output, produc- 
tion run times, downtimes, and other manufacturing vari- 
ables and characteristics. Product information unit 240 gath- 
ers measurements from sensors or meters that measure and 
record these variables. The manufacturing product output 
information is useful in formulating a TEUP. 

[0039] Data processing module 20 also may be linked to 
an energy-provider database for evaluation of a TEUP. The 
energy-provider database typically includes energy unit 
prices, delivery tarilfs, energy taxes, and other data that may 
influence the energy price. The provider data can be pro- 
vided directly from an energy-provider, for example, from 
an energy-provider data center 235 over a communication 
link 30. Examples of energy-provider data centers 235 
include energy-provider web pages, call-in energy-provider 
price updates services, and energy-provider computer serv- 
ers to provide information to data processing module 20. 

[0040] The energy-provider data is preferably provided in 
electronic form. The electronic data may be read directly 
into data processing module 20. Energy-consumption pre- 
dicting system user 250 is also directly connected to energy- 
provider data center 235 over a communication link 238. 
Therefore, energy-consumption predicting system user 250 
is able to access energy-provider information. The energy- 
consumption predicting system user is able to discover an 

energy provider's current energy prices. The energy-con- 
sumption predicting system may compare energy prices 
from various energy sources, and provides guidance to 
choose a desirable energy price. The energy-provider data is 
alternatively provided to energy-consumption predicting 
system user 250 in other forms, such as, but not limited to, 
oral, paper, telegraphic, pager, and non-electronic forms, 
which will be entered into data processing module 20. 

[0041] Data processing module 20 includes software for 
data acquisition, data mining, and data analysis. Data pro- 
cessing module 20 may also include software to provide a 
total quality management of the systems at the energy- 
consuming site. Such software may include tools to provide 
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a determination of process capability, execution of process 
optimization, and design for quality engineering, as well 
known in the art. The software enables energy management 

analysis, as embodied by the invention disclosed in the 
above-mentioned pending patent application Ser. No. 
09/385, 510. The software also enables purchasing, predict- 
ing energy and energy use and price trends, and planning 
decisions to be made based on analyzed and evaluated 
information. The above-mentioned software, alone or in 
combination with one or more information relating to pro- 
duction, energy providers, and the general economy, pro- 
vides means for purchasing, predicting, and planning. 

[0042] Data processing module 20 develops transfer func- 
tions for individual energy-consuming systems or for the 
overall energy-consuming site to analyze and evaluate, and 
predict the energy consumption of the energy-consuming 
systems or site. The transfer function of an energy-consum- 
ing system or site typically is the result of a regression 
analysis operation that models energy consumption based on 
variables such as process parameters of energy-consuming 
systems 170, mode of operation, material consumption, 
production, and other energy-related factors such as ambient 
conditions. These predictive analytical tools enable energy- 
consumption predicting system 10 to provide expected val- 
ues for energy consumption by energy-consuming system 
170 and to predict estimated future energy needs and use. 
These transfer functions are dependent on the nature of the 

energy, energy-provider controlling factors, energy-consum- 
ing site 100 particulars, details of energy-consuming sys- 
tems 170, manufacturing or operating process variables, and 
other such factors. Thus, the user of energy-consumption 
predicting system 10 can use the system to develop esti- 
mated future energy use, predictive analytical tools, pur- 
chasing schemes, and other estimated future energy-related 
tools. Since energy-consumption predicting system 10 pro- 
vides the user with expected daily energy consumption, the 
user can have knowledge of the daily energy el5ciency of 
the operation of energy-consuming site 100 and, thus, can 
plan for maintenance work. 

[0043] Energy-consumption predicting system 10 pro- 
vides interactive participation for energy-consumption pre- 
dicting system users, such as over a computer network or a 
web hook-up. Energy-consumption predicting system 10 
can be password protected, if it is desired that access to the 
energy-consumption predicting system be limited. Other 
means of protecting the information, such as, but not limited 
to, encryption routines, and other electronic protection 
schemes, that allow for controlled access, are within the 
scope of the invention. 

[0044] The information generated by energy-consumption 
predicting system 10 can be made available to energy- 
consumption predicting system user 250, for example, on a 
web site 300. The web site 300 can also be connected to data 
processing module 20 over communication links 30, such as 
those previously mentioned. The web site can include 
options that provide interactive user participation. These 
user-participation options include, but are not limited to, 
dashboards that monitor demand, alarm functions that gen- 
erate alerts during the above-discussed critical events, 
including high and low energy prices and peak demand 
periods, and an "options" button that provides alternatives 
for reducing or delaying energy use until another time. The 

options may also include accepting or delaying taking action 
on a recommendation for maintenance of an energy-con- 
suming system. 

[0045] Energy-consumption predicting system 10 using a 
web site 300 provides a further benefit to a user by being 
able to provide real-time information to energy-consuming 
site 100 personnel who can readily benefit from the infor- 
mation. In the past, evaluations of the operation of energy- 
consuming system 170 occurred irregularly, and normally 
may not be transmitted to an operator of a energy-consuming 
site 100 in an expedient manner. With energy-consumption 
predicting system 10, energy-consuming site 100 personnel 
who are actually operating and controlling various energy- 
consuming systems, such as production equipment in pro- 
duction area 200 can quickly obtain analyzed and evaluated 
information, which is provided in a form that is valuable and 

easy to use. For example, an operator of a energy-consuming 
system can obtain information concerning the operation of 
the energy-consuming system quickly so as to avoid unde- 
sirable energy wastes that may result from inel5cient opera- 
tion of the energy-consuming system. With the real-time 
analyzed and evaluated information from energy-consump- 
tion predicting system 10, the operator of the energy- 
consuming system can take immediate steps to resolve any 
potentially costly wastes of energy that may otherwise have 
resulted. Also, with the real-time analyzed and evaluated 
information from energy-consumption predicting system 10, 
energy information feedback from a user or a customer can 
be received via the web (e. g. , Internet or Intranet). 

[0046] The development of a transfer function is now 
described with respect to an energy-consuming system with 
reference to the flow chart of FIG. 2. However, a transfer 
function of an energy-consuming site may be similarly 
developed. In the first step S1, the type of consumed energy 
and the independent variables X, (i=1, . . . , N; where N is 
the number of independent variables) that can influence the 
consumption of that type of energy by energy-consuming 
system 170 are identified. In step S2, data on amounts of the 
consumption of the particular energy (dependent variable Y) 
and corresponding data on independent variables X, s are 
collected over a long period of time, such as once a shift for 
one year. In step S3, a regression is done on the variables Y 
and X, . s to produce a regression equation that relates Y to 

X, s. For example, the regression equation may have the 
form: Y=a+X b, X, +X, , c, , X, X, where i=1, . . . , N and j=1, . . . , 
N; X, denotes the sum of all the i-subscripted terms from i=1 
to i=N; and X, , denotes the sum of all the subscripted terms 
from i=1 to i=N and from j=1 to j=N. The regression 
equation may include higher order terms when they help to 
provide a better fit. 

[0047] The regression is the transfer function for the 
energy-consuming system. The result of the regression 
includes a set of regression coel5cients, confidence interval, 
for example for 90% confidence, standard deviations of the 
coel5cients and the regression line, residuals of the regres- 
sion, and the correlation coel5cient that provides a measure 
of goodness of fit of the regression. In step S4, outlying 
observations of Y and corresponding X, s are removed from 
the set of observations, and the regression is rerun. The new 
correlation coel5cient is compared to the previous correla- 
tion coel5cient. If the new correlation coel5cient is higher 
than the previous correlation coel5cient, other outlying 
observations are further removed, and the regression is 
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repeated. This iteration continues until the correlation coef- 
ficient starts to decrease. At that point, the set of regression 
coelficients for the highest correlation coelficient is used in 
the transfer function. In step S4, the energy user accesses 
data processing module 20 to obtain the transfer function 
and information on expected value for energy consumption 

by the particular energy-consuming system or site, including 
the variance in energy consumption. In step S5, the energy 
user may inquire about or data processing module may 
automatically present the likely causes for the variance in 
energy consumption. To identify the likely cause for the 
variance in energy consumption, data processing module 20 
may examine each of the independent variables X, . s and 
compare its current value to historical data on the same 
variable. Any large or abrupt deviation from the historical 
trend can be identified as a likely contribution to the variance 
of energy consumption. Data processing module 20 may 
further perform a sensitivity analysis to provide a higher 
degree of confidence for the likely causes of the variance in 
step S6. For example, data processing module 20 may insert 
a value for the identified variable that is more typical of the 
historical data and a predicted value for energy consumption 
is generated. Such a sensitivity analysis can narrow the 
range of likely causes. Where a feedback control capability 
has been built into the energy-consumption predicting sys- 
tem, data processing module 20 may take action on the most 
likely causes in an attempt to bring the energy-consuming 
system toward a more elficient state in step S7. 

[0048] Data from meters, measuring devices, and sensors 
at the energy-consuming systems or site continue to be 
collected, transferred to, and stored in data processing 
module 20 to further build up the historical database. At a 
predetermined frequency or when the energy-consuming 
system is significantly changed, a new regression is per- 
formed on the latest set of data to provide an update to the 
transfer function. 

[0049] Furthermore, predicted values for energy consump- 
tion by various energy-consuming systems at an energy- 
consuming site that are the results of the transfer functions 
may be provided to an overall energy management system of 
the energy user to help him formulate an energy strategy for 
the site. Alternatively, these values may be provided to a site 
optimization program that also incorporates other operating 
characteristic variables of the site; such as the production 
schedule, the mix of products made, the company long-term 
production forecast, etc. ; to provide an optimum operation 
of the energy-consuming site. 

[0050] Energy-consumption predicting system 10 as illus- 
trated in FIG. 1 is disposed at a single energy-consuming 
site 100. Alternatively, a plurality of energy-consuming sites 
can each have an energy-consumption predicting system 
disposed thereat. This configuration of the plurality of 
energy-consumption predicting systems 10 is illustrated in 
FIG. 3. In FIG. 3, energy-consuming sites 100„100„100~, 
100„(for n energy-consuming sites) are interconnected, for 
example, over a data processing module link 102 to a data 
processing module 20. The plurality of energy-consuming 
sites 100„100~, 100~, . . . , 100„may comprise any number 
of sites, for example, sites from a single commercial entity, 
such as a large multi-location company. Energy-consuming 
sites 100„100~, 100~, 100„may alternatively comprise a 
plurality of independent companies that have joined together 
in an attempt to benefit from their complementary produc- 

tion capability. For example, an energy-consuming site 100, . 
may produce a component that goes into the product made 

by energy-consuming site 100, . The results from energy- 
consumption predicting systems of sites 100, . and 100, . may 
be integrated to provide an overall optimum production plan 
for both sites. 

[0051] As a further non-limiting alternative, energy-con- 
suming sites 100„100~, 100~, . . . 100„may comprise a 

plurality of companies in a joint venture. Each energy- 
consuming site 100, (i=1, 2, . . . , n) has at least one 
energy-consumption predicting system 10 which together 
reside in data processing module 20 and are accessible over 
communication link 104. Data processing module 20 ana- 

lyzes and evaluates the total energy use, separately or in 
combination, with energy-provider information 235 and 

provides information on predicted or expected required 
amounts of energy consumption to a plurality of energy- 
consumption predicting system users 250, (j=1, 2, . . . , n). 

[0052] Energy-consumption predicting system 10 can be 
olfered as a service by energy management service provider. 
Alternatively, it also may be olfered by equipment manu- 
facturers or energy providers, such as energy companies, to 
its current and potential energy users. Such a service pro- 
vider can use energy-consumption predicting system 10 to 
determine how much energy has been used, historical energy 
use trends, estimated future energy needs for a single energy 
user or a group of energy users. Energy-consumption pre- 
dicting system 10 may also permit the energy provider to 
determine how to apportion energy to each of its customers, 
based on the individual customer's needs and to plan for 
bringing on-stream additional energy generation capability. 
Therefore, an energy provider can apportion needed energy, 
as determined by energy-consumption predicting system 10 
to each energy-consuming site 100 and can avoid blindly 
making decision regarding energy apportionment. 

[0053] While various embodiments are described herein, it 
will be appreciated from the specification that various com- 
binations of elements, variations, equivalents, or improve- 
ments therein may be made by those skilled in the art, and 
are still within the scope of the invention. 

1. A energy-consumption predicting system comprising: 

means for measuring amounts of energy consumed by at 
least one of energy-consuming site and energy-con- 
suming systems; 

means for determining information regarding an opera- 
tion of said at least one of energy-consuming site and 

energy-consuming systems; 

means for transmitting said amounts and said information 
to a means for receiving said amounts and said infor- 
mation; 

means for analyzing and evaluating said amounts and said 
information to provide analyzed and evaluated data and 
information; 

means for generating predicted amounts of energy 
required for the operation of said at least one of 
energy-consuming site and energy-consuming systems; 
and 
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means for providing access to said analyzed and evaluated 
data and information and said predicted required 
amounts of energy. 

2. The system according to claim 1, wherein in the at least 
one energy-consuming site comprises at least one energy- 
consuming system. 

3. The system according to claim 2, wherein the at least 
one energy-consuming system comprises a plurality of 
energy-consuming systems. 

4. The system according to claim 1, wherein the at least 
one energy-consuming site comprises a plurality of energy- 
consuming sites. 

5. The system according to claim 1, wherein the energy 
comprises at least one selected from the group consisting of 
electricity, natural gas, diesel fuel, gasoline, fuel oil, coal, 
and combinations thereof. 

6. The system according to claim 1, wherein the means for 
measuring amounts of energy consumed comprises at least 
one meter for each type of energy consumed. 

7. The system according to claim 6, wherein the at least 
one meter comprises a meter selected from the group 
consisting of digital meters, analog meters, mechanical 
meters, broad-band spectrum modems, process logic control 
meters, and combinations thereof. 

8. The system according to claim 6, wherein the at least 
one meter comprises a meter disposed in cooperation with at 
least one delivery line that delivers energy to the energy- 
consuming site. 

9. The system according to claim 8, wherein the meter that 
is disposed in cooperation with the at least one delivery line 
comprises a meter disposed prior to the energy-consuming 
site in a position sulflcient to measure total energy amounts 
delivered to the energy-consuming site. 

10. The system according to claim 9, wherein the energy 
is delivered by a method selected from the group consisting 
of pipeline, electrical line, delivery vehicles, and combina- 
tions thereof. 

11. The system according to claim 9, wherein the meter is 
disposed in cooperation with the at least one delivery line 
comprises a meter disposed prior to each energy-consuming 
system in the energy-consuming site in a position sulflcient 
to measure energy delivered to each energy-consuming 
system at the energy-consuming site. 

12. The system according to claim 1, further comprising 
communications links between each of the means for mea- 
suring, the means for determining, the means for transmit- 

ting, the means for receiving, the means for analyzing and 
evaluating, the means for generating, and the means for 
providing. 

13. The system according to claim 12, wherein the com- 
munications link is selected from the group consisting of 
phone modem, network connection, communication, radio 
communication and other wireless communication systems, 
cellular communication, satellite communication, web 
access communication, Internet access communication, 
Intranet access communication, and combinations thereof. 

14. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises at least one data processing 
module. 

15. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information and the means for generating predicted 
amounts of energy comprise a data processing module. 

16. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises means for providing energy- 
provider information for evaluation and analysis. 

17. The system according to claim 16, wherein the 
energy-provider information is provided as real-time infor- 
mation. 

18. The system according to claim 17, wherein the 
energy-provider information is provided in electronic form. 

19. The system according to claim 18, wherein the 
energy-provider information comprises at least one of 
energy unit prices, delivery tarilfs, energy taxes, and com- 
binations thereof. 

20. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises means for providing energy 
delivery information for evaluation and analysis. 

21. The system according to claim 20, wherein the means 
for providing energy delivery information for evaluation and 
analysis comprises means for providing information on at 
least one of delivery routes, delivery costs, loss costs, tarilfs, 
taxes, transportation costs, and combinations thereof. 

22. The system according to claim 1, wherein the means 
for measuring energy amounts consumed at the energy- 
consuming site and the means for analyzing and evaluating 
the energy amounts consumed and the information comprise 
a computer. 

23. The system according to claim 1, further comprising 
a means for providing process variable information to the 
means for analyzing and evaluating the energy amounts 
consumed and the information. 

24. The system according to claim 23, wherein the means 
for providing process variable information provides at least 
one of time, date, temperature, humidity, energy-consuming 
site location, and other process-influencing variables for the 
energy-consuming site. 

25. The system according to claim 23, further comprising 
means for providing raw material data and information to 
the means for analyzing and evaluating the energy amounts 
consumed and the information. 

26. The system according to claim 23, further comprising 
means for providing by-product and waste information to 
the means for analyzing and evaluating the energy amounts 
consumed and the information. 

27. The system according to claim 23, further comprising 
means for providing product information to the means for 
analyzing and evaluating the energy amounts consumed and 
the information. 

28. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises at least a means selected from 
the group consisting of means for acquiring data, means for 
mining data, and means for analyzing data. 

29. The system according to claim 28, wherein each of the 
means for acquiring data, means for mining data, and means 
for analyzing data comprises data acquisition software, data 
mining software, data analysis software, and combinations 
thereof. 

30. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises at least one means selected 
from the group consisting of means for purchasing energy, 
means for predicting energy use trends, means for planning 

PETITIONER'S EXHIBIT 1006 
US PATENT NO. 8,909,482 

Page 12



US 2003/0061091 A1 Mar. 27, 2003 

energy-related decisions, means for purchasing energy, 
means for predicting energy price trends, and combinations 
thereof. 

31. The system according to claim 30, wherein the means 
for purchasing energy, means for predicting energy use 
trends, means for planning energy-related decisions, means 
for purchasing energy, means for predicting energy use 
trends, means for predicting energy price trends, and com- 
binations thereof comprises software. 

32. The system according to claim 1, further comprising 
a web site that is connected to the means for analyzing and 
evaluating to communicate energy-related information and 

permits access to the analyzed and evaluated data and 

information and the predicted amounts of energy required 
for said operation. 

33. The system according to claim 32, wherein the web 
site permits a user interaction with at least one of the means 
for measuring, the means for determining, the means for 
transmitting, the means for analyzing and evaluating, the 

means for generating, and the means for providing. 

34. The system according to claim 33, wherein the web 
site provides real-time analyzed and evaluated data and 
information and predicted required amounts of energy. 

35. The system according to claim 34, wherein the means 
for measuring energy amounts delivered comprises at least 
one meter, the web site is connected to each meter of the 
means for measuring, and the web site permits access to 
meter information. 

36. The system according to claim 34, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises at least one data processing 
module, the web site is connected to each meter of the means 
for measuring, and the web site permits access to the at least 
one data processing module. 

37. The system according to claim 34, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises means to provide information 
on energy consumption for evaluation and analysis, the web 
site is connected to each meter of the means for measuring, 
and the web site permits access to the information on energy 
consumption. 

38. The system according to claim 1, wherein the means 
for analyzing and evaluating the energy amounts consumed 
and the information comprises planning tools that can be 
used to plan at least one of future times for operation of 
energy-consuming systems at the energy-consuming site, 
future times to purchase energy, and future amounts of 
energy that should be purchased, as determined by the 
energy-consumption predicting system. 

39. The system according to claim 28, wherein the means 
for analyzing and evaluating comprises a user interface that 
allows a user to relate data on amounts of energy consumed 
to other variables of the energy-consuming site. 

40. The system according to claim 1, wherein the means 
for generating predicted amounts of energy required com- 
prises software that provides a construction of a transfer 
function for energy consumption of the energy-consuming 
site. 

41. The system according to claim 40, wherein the trans- 
fer function is a regression of energy consumption on other 
variables of the energy-consuming site. 

42. An energy-consumption predicting method compris- 
ing the steps of: 

measuring amounts of energy consumed by at least one of 
energy-consuming site and energy-consuming systems; 

determining information regarding an operation of said at 
least one of energy-consuming site and energy-con- 
suming systems; 

transmitting said amounts and said information to a means 
for receiving said amounts and said information; 

analyzing and evaluating said amounts and said informa- 
tion to provide analyzed and evaluated data and infor- 
mation; 

generating predicted amounts of energy required for the 
operation of said at least one of energy-consuming site 
and energy-consuming systems; and 

providing access to said analyzed and evaluated data and 
information and said predicted required amounts of 
energy. 

43. The method according to claim 42, wherein the step 
of measuring the energy amounts comprises a step of 
measuring energy delivered to at least one energy-consum- 
ing system. 

44. The method according to claim 42, wherein the step 
of determining the energy amounts comprises a step of 
measuring energy from a plurality of energy-consuming 
systems and a plurality of energy-consuming systems. 

45. The method according to claim 42, wherein the step 
of measuring the energy amounts comprises measuring the 
amounts of at least one selected from the group consisting of 
electricity, natural gas, diesel fuel, gasoline, fuel oil, coal, 
and combinations thereof. 

46. The method according to claim 42, wherein the step 
of measuring amounts of energy comprises measuring 
energy by metering the energy. 

47. The method according to claim 46, wherein the step 
of metering comprises metering the energy amounts using a 
meter selected from the group consisting of digital meters, 
analog meters, mechanical meters, broad-band spectrum 
modems, process logic control meters, and combinations 
thereof. 

48. The method according to claim 46, wherein the step 
of metering comprises disposing at least one meter on at 
least one delivery line that delivers energy to the energy- 
consuming site. 

49. The method according to claim 48, wherein the step 
of disposing at least one meter comprises disposing at least 
one meter on the at least one delivery line and measuring a 
total energy amount delivered to the energy-consuming site 
via the at least one delivery line. 

50. The method according to claim 42 further comprising 
interconnecting each of the means for measuring, the means 
for determining, the means for transmitting, the means for 
analyzing and evaluating, the means for generating, and the 
means for providing. 

51. The method according to claim 50, wherein the step 
of interconnecting comprises providing a communication 
link interconnecting each of the means for measuring, the 
means for determining, the means for transmitting, the 
means for analyzing and evaluating, the means for generat- 
ing, and the means for providing; the communications link 
being selected from the group consisting of phone modem, 
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network connection, communication, radio communication 
and other wireless communication systems, cellular com- 
munication, satellite communication, web access communi- 
cation, Internet access communication, Intranet access com- 
munication, and combinations thereof. 

52. The method according to claim 42, wherein the step 
of analyzing and evaluating the energy amounts consumed 
and the information comprises processing the energy 
amounts and the information using at least one data pro- 
cessing module. 

53. The method according to claim 42, wherein each of 
the step of measuring the energy amounts consumed at the 
energy-consuming site and the step of analyzing and evalu- 

ating the energy amounts consumed and the information 
comprises processing the energy amounts using at least one 
data processing module. 

54. The method according to claim 42, wherein the step 
of analyzing and evaluating the energy amounts consumed 
and the information further comprises providing energy- 
provider information for evaluation and analysis. 

55. The method according to claim 54, wherein the step 
of providing energy-provider information comprises provid- 
ing real-time energy-provider information. 

56. The method according to claim 55, wherein the step 
of providing energy-provider information comprises provid- 
ing the energy-provider information in electronic form. 

57. The method according to claim 55, wherein the step 
of providing energy-provider information comprises provid- 
ing at least one of energy unit prices, delivery tarilfs, energy 
taxes, and combinations thereof. 

58. The method according to claim 42, wherein the step 
of analyzing and evaluating comprises providing energy 
delivery information for evaluation and analysis. 

59. The method according to claim 58, wherein the step 
of providing delivery information comprises providing at 
least one of delivery routes, delivery costs, loss costs, tarilfs, 
taxes, transportation costs, and combinations thereof. 

60. The method according to claim 42, the method further 
comprising the step of providing process variable informa- 
tion for analyzing and evaluating the energy amounts con- 
sumed and the information. 

61. The method according to claim 42, wherein the step 
of providing process variable information comprises pro- 
viding at least one of time, date, temperature, humidity, 
energy-consuming site location, and other process variables 
for the energy-consuming site. 

62. The method according to claim 42, the method further 
comprises the step of providing raw material data for 
analyzing and evaluating the energy amounts consumed and 
the information. 

63. The method according to claim 42, the method further 
comprises the step of providing by-product and waste infor- 
mation for analyzing and evaluating the energy amounts 
consumed and the information. 

64. The method according to claim 42, the method further 
comprises a step of providing raw material information for 
analyzing and evaluating the energy amounts consumed and 
the information. 

65. The method according to claim 42, wherein the step 
of analyzing and evaluating the energy amounts consumed 

and the information further comprises at least one of acquir- 

ing data, mining data, and analyzing data. 

66. The method according to claim 65, wherein the step 
of acquiring data, mining data, and analyzing data further 

comprises providing data acquisition software, data mining 

software, data analysis software, and combinations thereof. 

67. The method according to claim 42, wherein the step 
of analyzing and evaluating the energy amounts consumed 

and the information further comprises developing strategies 
for purchasing energy, for predicting energy use trends, for 

planning energy-related decisions, and combinations 

thereof. 

68. The method according to claim 42 further comprises 
communicating the analyzed and evaluated data and infor- 

mation and the predicted required amounts of energy via a 

web site. 

69. The method according to claim 68 further comprises 

permitting feedback into at least one of the means for 
measuring, the means for determining, the means for trans- 

mitting, the means for analyzing and evaluating, the means 

for generating, and the means for providing. 

70. The method according to claim 68, wherein the step 
of communicating the analyzed and evaluated data and 

information and the predicted required amounts of energy 
via a web site further comprises providing at least one of the 

analyzed and evaluated data and information and the pre- 
dicted required amounts of energy in real-time and historical 
data. 

71. The method according to claim 68, wherein the step 
of analyzing and evaluating the energy amounts consumed 
and the information further comprises using at least one data 

processing module for analyzing and evaluating, and the 

method further comprises connecting a web site to said at 
least one data processing module. 

72. The method according to claim 42, wherein the 

predicted amounts of energy required for the operation are 

outputs of a transfer function that relates amounts of energy 
consumed to information regarding the operation. 

73. The method according to claim 72, wherein the 

transfer function is generated in the step of analyzing and 

evaluating said amounts and said information. 

74. The method according to claim 73, wherein the 
transfer function is a result of a regression of energy 
consumption on other variables of the energy-consuming 
site. 

75. The method according to claim 74, wherein the 
transfer function is generated automatically from input data 

by software provided for analyzing and evaluating. 
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