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ENERGY AND COST SAVINGS CALCULATION 
SYSTEM 

FIELD 

0001. The present invention relates generally to systems 
for monitoring energy use parameters within a building. 
More particularly, the present invention relates to systems 
for predicting thermal and power use conditions to be 
encountered by a building and by virtue of comparing the 
predicted conditions with actual conditions, the energy and 
cost savings may be determined. 

BACKGROUND 

0002 Most commercial properties include a number of 
building systems that monitor and regulate various functions 
of the building for the comfort and well-being of the 
occupants. These building systems include security systems, 
fire control systems, elevator systems, and/or building envi 
ronmental system. 
0003) A building environmental system regulates the 
temperature and flow of air throughout a building. The air 
conditioning for a building typically includes one or more 
chillers for cooling air and one or more heaters for heating 
air. Fans distribute air conditioned by a chiller or a heater 
into a duct system that directs the flow of air to the various 
rooms of a building. Dampers located within the duct system 
may be opened or closed by actuators. Also, the speed of a 
motor that drives a fan is controlled to regulate air flow 
within the system. An important component of a building 
environmental management system is the control system 
that varies the fan motor speed and the position of the 
various dampers to maintain the desired conditions within 
the building. 
0004 Energy Service Companies (ESCO) currently 
undertake projects, frequently referred to as performance 
contracts, which guarantee a specific level of performance 
for building environmental systems sold to clients. The 
performance relates to improved facility operations which 
generate reduced operating costs for the client. The ESCO 
typically identifies the amount of reduction in operating cost 
which will occur, i.e., the energy or cost savings, but also 
may guarantee to the client that the energy or cost savings 
will occur. After installation of a building environmental 
system or energy conservation measure, to verify that the 
energy and cost savings are actually occurring, the energy 
usage of the facility after the retrofits is compared to the 
energy usage prior to the retrofits. 
0005. However, conventional computer software pack 
ages that calculate the energy and cost savings have only a 
limited number of variables that can be applied to reflect 
weather and usage changes. For example, energy and cost 
savings Software may be limited to accepting only monthly 
utility or meter data. As a result, the conventional computer 
Software packages produce energy and cost savings calcu 
lations that may have unacceptably high error rates. Unre 
liable energy and cost savings calculations may prevent the 
accurate calculation of energy and cost savings for energy 
conservation measures and building environmental systems 
installed at customer locations. Thus, the energy and money 
saved by the energy conservation projects, such as the 
savings required by a performance contract, cannot be easily 
and reliably proven. Inaccurate cost savings calculations 
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also may hinder reliable financial planning as the actual 
amount of energy expended, as well as the associated cost 
for each unit of energy, cannot be timely ascertained. 

BRIEF SUMMARY 

0006 An Energy and Cost Savings Calculation System is 
provided that automatically determines the energy and cost 
savings due to the installation of energy conservation mea 
Sures. The system provides a manner by which customers 
may prove that energy conservation projects are actually 
saving energy and money. The system provides regular 
updates of Savings progress and calculates accurate and 
reliable energy and/or cost savings. 
0007. The Energy and Cost Savings Calculation System 
may utilize a Multi-Variant, Non-Linear (MVNL) load fore 
casting technique. The load forecasting technique may 
accept numerous types of input data and use multiple 
Reference Periods within the Baseline to reduce the error 
associated with load forecasting. Additionally, the load 
forecasting technique may use Reference Period Modifica 
tion (within the Baseline) as needed to more accurately 
capture the range of actual outside air temperatures experi 
enced in the Reporting Period. 
0008. The Energy and Cost Savings Calculation System 
may support time-of-use electric rates. The system calcu 
lates energy and cost savings using Complex Rates. The 
system also may rank a plurality of Sources providing 
weather data to identify the most accurate weather data. 
0009. In one embodiment, a data processing system for 
forecasting energy loads is provided. The system includes a 
processing unit operable to receive a plurality of external 
parameters. The processing unit forecasts energy loads for a 
building based upon simulating the operation of building 
energy-using equipment. 

0010. In another embodiment, a data processing system 
for forecasting energy loads is provided. The system 
includes a processing unit operable to receive a plurality of 
variables that are updated at least daily. The processing unit 
forecasts energy loads for a building based upon the vari 
ables. The variables may include daily weather, energy, and 
interval meter data. 

0011. In another embodiment, a method for forecasting 
energy loads is provided. The method includes receiving 
weather and energy data, the weather and energy data 
containing information regarding a plurality of parameters. 
The method also includes calculating multiple Reference 
Periods within the Baseline from the weather and energy 
data, each Reference Period corresponding to a different 
time period, and forecasting energy loads for a building 
using the multiple Reference Periods. 
0012. In yet another embodiment, a computer-readable 
medium having instructions executable on a computer stored 
thereon is provided. The instructions include receiving 
weather data associated with a plurality of weather param 
eters, receiving energy data associated with energy usage, 
and forecasting the energy load for a building during a 
specific time period by using Multi-Variant Non-Linear 
technique. 

0013 Advantages of the system will become more appar 
ent to those skilled in the art from the following description 
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of the preferred embodiments of the invention which have 
been shown and described by way of illustration. As will be 
realized, the system is capable of other and different embodi 
ments, and its details are capable of modification in various 
respects. Accordingly, the drawings and description are to be 
regarded as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 illustrates an exemplary data processor 
configured or adapted to provide the functionality of the 
Energy and Cost Savings Calculation System; 
0.015 FIG. 2 is a schematic representation an adjusted 
cost system employed by the Energy and Cost Savings 
Calculation System; 
0016 FIG. 3 illustrates an exemplary monthly linear 
regression load forecasting technique; 

0017 FIG. 4 illustrates an exemplary MVNL load fore 
casting technique; 

0018 FIG. 5 illustrates a comparison of error rates 
produced from MVNL and monthly linear regression load 
forecasting; 

0.019 FIG. 6 illustrates a second mode of operation of the 
Energy and Cost Savings Calculation System; 

0020 FIG. 7 illustrates an exemplary weather and energy 
report; 

0021 FIG. 8 illustrates an exemplary comparative 
energy use report that displays weather-adjusted compari 
SOnS, 

0022 FIG. 9 illustrates weather-adjusted percentage 
change in annual electricity usage; and 

0023 FIGS. 10A through 10F illustrate an exemplary 
annual meter report. 

DETAILED DESCRIPTION 

0024. The Energy and Cost Savings Calculation System 
provides Multi-Variant, Non-Linear (MVNL) load forecast 
ing techniques, energy and cost savings calculations, and 
Weather Ranking. The Energy and Cost Savings Calculation 
System forecasts energy and cost savings for energy con 
servation measures installed at customer locations. The 
system may support the performance of the contracting 
business by enhancing the evaluation of performance con 
tracts. For instance, the system may reduce the amount of 
labor expended in calculating the energy and cost savings 
associated with performance contracts. Additionally, the 
system provides customers with a manner by which to prove 
that the energy conservation projects are actually saving 
energy and money. The system may reside on a global 
energy information platform. 

0.025 The Energy and Cost Savings Calculation System 
provides regular updates of the savings progress. The system 
also may calculate actual project slip, as well as forecast 
project savings and slip into the future. Furthermore, the 
system may calculate energy and cost savings using utility 
bills and/or simulations for a Basic Reference Period. The 
same simulation tool used to establish the Baseline also may 
be used for the calculation of energy and cost savings. 
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0026 Load forecasting or calculating is the prediction of 
building energy usage (i.e., electricity, gas, Steam, etc.) 
based upon external parameters. For example, load forecast 
ing applications may calculate cost savings of conservation 
measures and projects. Performance contracts often include 
provisions to verify promised energy and cost savings. 
Verification of savings may be accomplished by establishing 
a base or reference period representing energy usage pat 
terns before the conservation measures of the performance 
contract were implemented. For several years after the 
conservation measures have been initiated, the energy usage 
during the Baseline period is compared to the on-going 
energy usage of the facility. 
0027. Load forecasting may be used in monitoring and 
verification (M&V) calculations and calculating future 
loads, as well as used to spot abnormalities and compare 
energy usage for the current year with the previous year or 
other time period. Load forecasting also may be used to 
predict a daily expected consumption and peak, either of 
which may be useful when compared against the actual daily 
consumption and peak data to warn of near-term faulty 
operation. A five-day or other period daily consumption and 
peak load forecast may provide valuable operational infor 
mation to warn against future excessive loads. 
I. Adjustments 
0028. A comparison of the current year's operation with 
the previous year's operation is one yardstick of operational 
efficiency and may evidence “continuous improvement’ as 
suggested by ISO-14001 standards. However, there are 
inevitably a number of year-to-year changes. Of course, the 
weather is not identical for any substantial length of time 
from one year to the next. Additionally, the use or primary 
purpose of a facility may deviate, internal changes may have 
been made to a facility, or one or more building additions 
may have been completed. Therefore, the comparison of the 
present year to the previous year may need adjustments to be 
reliable, such as adjustments for weather differences, opera 
tional changes, internal load changes, and building addi 
tions. 

0029. The cost savings associated with energy conserva 
tion projects are often of keen interest to management 
involved in making such changes. The Verification of energy 
and cost savings may involve all of the various parameters 
discussed above, or others, such as energy rates. Rates may 
be simple, Such as "cost per unit consumed.” or more 
complex and involve time-of-use elements (e.g., on-peak, 
off-peak, and shoulder electric rates), demand charges, rate 
holidays, real-time rates, ratchets, block structures, and 
taxes. Rates may be the same for the base period and the 
present period or the rates may vary. Within either the base 
or the present period, the rate may have Sub-rates that 
change each month. 
II. Non-Linear Regression 
0030 Load forecasting based upon Multi-Variant Non 
Linear (MVNL) technology has a much smaller error per 
time period than that of popular linear regression techniques. 
The load forecasting may be performed by Multi-Variant 
Non-Linear modeling based upon interval data, Such as 
interval data received directly from meters associated with a 
portion of a building or individual pieces of equipment. 
0031. The MVNL technique may employ Baselines, 
Baseline Extensions, Reporting Periods, Basic Reference 
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Periods, and Reference Period Modifications, as defined 
herein. A Baseline refers to the energy use characteristics in 
the period of time against which energy savings will be 
measured. A Baseline is usually between one and three 
consecutive years. 
0032. In the context of the MVNL technology, a Baseline 
Extension refers to what the energy use would be in a time 
other than the Baseline period of time if it had the same 
characteristics. The Baseline may be extended both forward 
and backwards in time by the Baseline Extension. 
0033 A Reporting Period refers to the smallest period of 
time in which energy and cost savings are disclosed. For 
example, an annual report with savings disclosed monthly 
would have a Reporting Period of one month. 
0034) A Basic Reference Period refers to the period of 
time within the Baseline whose weather conditions most 
closely resemble those of the Reporting Period. For 
example, if the Baseline is the calendar year 2004 and the 
Reporting Period is July 2005, then the Basic Reference 
Period is July 2004. 
0035) A Reference Period Modification refers to a modi 
fication of the Basic Reference Period. At times, the best 
weather fit requires the Basic Reference Period to be 
adjusted. There are several techniques to modify the Basic 
Reference Period. One such technique is to add days on both 
sides to better represent the weather found in the Reporting 
Period. Alternate Reference Period Modifications also may 
be used. 

0.036 More specifically, the MVNL load forecasting may 
include the use of multiple Reference Periods within the 
Baseline to further reduce the error between the forecast and 
the actual energy loads. The MVNL load forecasting tech 
nique also may use Reference Period Modifications as 
needed. Reference Period Modifications may enhance the 
capture of the range of an external parameter during the 
reporting period. Such as the outside air temperatures (OAT). 
An accurate representation of the outside air temperature is 
desirable because the outside air temperature is a major 
contributor to building thermal loads. For example, a change 
in the average monthly temperature of five or ten degrees 
will impact actual loads. 
0037 Reference Period Modifications may compensate 
for deviations in outside air temperatures from year to year. 
An overall benchmark, or Baseline, may be established from 
weather and energy usage data collected over one or more 
years. The Baseline may be divided into Basic Reference 
Periods corresponding to specific time periods. For instance, 
each calendar month may be a separate Basic Reference 
Period, and each Basic Reference Period may have a sepa 
rate temperature range. 

0038 A Basic Reference Period is intended to be based 
upon weather data that approximately matches the weather 
experienced during the current reporting period. If the 
weather from the Basic Reference Period and the current 
reporting period approximately match, the energy usage 
associated with the Basic Reference Period may be used as 
a starting point in calculating the energy usage during the 
current reporting period. 
0039) Ideally, one would be able to simply use the 
corresponding month within the Baseline as the Reference 
Period. However, the weather deviates from year to year. 
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0040 Accordingly, if the outside air temperature of the 
current reporting period is outside the Basic Reference 
Period temperature range, the Basic Reference Period may 
be adjusted by a Reference Period Modification. The Ref 
erence Period Modification is intended to more accurately 
reflect the weather and the accompanying effect of the 
weather on energy usage. The Basic Reference Period may 
be extended, either further into the past and/or into the 
future, until the outside air temperature range of the current 
reporting period falls within the Modified Reference Period 
temperature range. The Basic Reference Period may be 
widened by a month on either side. The Basic Reference 
Period also may be widened by a specific number of days on 
either side. Alternatively, the Basic Reference Period may 
consist of selected discontinuous days within a Baseline or 
a Baseline Extension to more accurately reflect the weather 
and the accompanying effect of the weather on energy usage. 
0041. The MVNL load forecasting technique may use the 
dew point temperature as an external parameter or input 
item. The dew point temperature indicates the moisture in 
the air. The dew point temperature contributes load to an air 
conditioning system, especially during the Summer months. 
0042. The MVNL load forecasting technique also may 
use Solar conditions as an external parameter. The effect of 
the sun is a major contributor to building thermal load. Solar 
conditions may be received from weather data providers, 
Such as: Sunny, partly Sunny, overcast, partly cloudy, cloudy, 
scattered clouds, light rain, showers, haze, mist, clear, Snow, 
or the like. Each Solar condition may be assigned a corre 
sponding weighting coefficient. A weighting coefficient may 
be larger for the amount of Sunlight on a given day. In one 
embodiment, a solar condition of Sunny may be assigned a 
weighting coefficient of 1.0, while a solar condition of a 
rainy day may be assigned a weighting coefficient of 0.3. In 
another embodiment, the solar condition may be derived 
from the “Condition' term provided by the National Weather 
Service (NWS), which may be parsed to determine a weight 
ing coefficient reflecting the amount of Sun received. How 
ever, additional or different Solar conditions and correspond 
ing weighting coefficients also may be used. 
0043. Furthermore, the load forecasting technique may 
use the type of day as an input item. The type of day, Such 
as being a weekday, a weekend, or a holiday, may be a major 
determinant of the energy usage in a building. A building 
may be presumed to be substantially occupied on a weekday 
and primarily unoccupied on a weekend or a holiday. The 
occupancy of a building typically has an effect the energy 
usage of the building. 
0044) The Energy and Cost Savings Calculation System 
may provide for energy cost savings. The Baseline energy 
usage may be arranged to support time-of-use (TOU) elec 
tric rates. Load forecasts may be prepared for each TOU 
period of the day. Separate TOU periods may be available 
for consumption and demand elements of the Rate. Addi 
tionally, the system may calculate energy savings using 
complex rates. For example, on-peak, shoulder, and off-peak 
consumption periods may be supported by the cost savings 
calculation. Demand windows also may be supported. 
0045. The Energy and Cost Savings Calculation System 
may provide for Weather Ranking. The weather data may be 
ranked to improve load forecasting accuracy. For example, 
errors and anomalies may be present in the NWS weather 
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data. Errors and anomalies also may be present in weather 
data provided by other sources. The system may identify 
errors from the various sources, rank the sources, and select 
the source with the most accurate data. 

0046) The Energy and Cost Savings Calculation System 
may provide more accurate load forecasts than linear regres 
sion techniques, in part, by using more types of data than 
conventional linear regression techniques. Alternatively, the 
system may provide more accurate load forecasts by ana 
lyzing the accuracy of any data received and not accepting 
erroneous data. 

0047 The system may receive multiple data input 
streams, such as weather and energy data. The energy data 
may be interval data received from meters, from utility bills 
or simulations. The system also may use billing determi 
nants and complex rates to calculate the cost and cost 
savings. Savings may be updated daily, and the results may 
be presented without a calculation error substantially dis 
torting the results. 
0.048. Additionally, the system may enhance accuracy by 
accepting energy use data for intervals Smaller than monthly 
time periods (such as utility bills), which permits a larger 
number of variables to be utilized. For example, during 
testing, the MVNL load forecasting technology using daily 
data has proven to be approximately thirty times more 
accurate than utility bill-based linear regression techniques. 
The error rates associated with MVNL load forecasting 
using monthly Reporting Periods may be small enough such 
that approximate monthly energy and cost savings may be 
calculated. On the other hand, the monthly error rates 
associated with monthly utility bill-based linear regression 
calculating tend to distort the monthly results. 
0049. The Energy and Cost Savings Calculation System 
may enable many types of energy cost comparisons. The 
system may have two modes of operation. The first mode of 
operation may analyze energy usage and cost. The first mode 
may be manual and built upon case studies. The case studies 
may include evaluating variations in the rates, energy loads, 
equipment efficiency, operational changes, and facility addi 
tions. For example, the system may be run in the first mode 
to evaluate a new electric rate or to simulate the performance 
of changing aspects of plant operations, such as replacing 
chillers, fans, boilers, or other equipment. 
0050. The second mode of operation may monitor and 
calculate the energy and cost savings. The second mode may 
be on-going and automatic. For instance, the system may be 
run in the second mode to automatically report on the energy 
and cost savings of a performance contract. 
III. Adjusted Cost Technology 
0051. The Energy and Cost Savings Calculation System 
may employ Adjusted Cost Technology (ACT). The 
Adjusted Cost Technology software may perform ad-hoc 
studies and present energy and rate analysis based upon one 
or more variables. The software may be used to generate 
monitoring and verification annual reports. Several energy 
data feeds may be accepted by the software. The Adjusted 
Cost Technology software has three primary elements, as 
illustrated in TABLE I below. The primary elements may be 
characterized as related to Adjusted, Energy, and Rate infor 
mation. Additional, fewer, or alternate primary elements also 
may be used. 

Jul. 27, 2006 

TABLE I 

Adjusted Cost Technology (ACT) 

ADJUSTED Loads may be modified to simulate different conditions. 
There may be two types of adjustment. 
1. Baseline Extensions. Baseline extensions are due 

o changes in weather or occupancy. Using MVNL 
echnology, these adjustments use the 
characteristics of energy usage during one period 
of time and apply it to the weather of another 
ime period. It answers the question: “What 
would the energy usage be for the current time 
period if the energy system change had not been 
made?' 

2. Scheduled Proportional Adiustments to Baseline 
Extensions. Scheduled proportional adjustments 
consider additions to buildings. The date rate 
adjustments become effective also may be taken 
into consideration. 

Several data sources are considered 
interval data from automatically read meters 
Utility bill data 
Simulation 
Manually read meter data 
Time-of-Use energy use breakouts 

RATE Complex rates are considered. 
Complex rates may include time-of-use data, 
peak values, reactive power penalties, seasonal 
rate changes, fees, and taxes. 

ENERGY 

0052 The adjusted information may include modifying 
loads to simulate different conditions. There may be two 
types of adjustment. The first type of adjustment may be a 
Baseline Extension. The Baseline Extensions may take 
changes in weather or occupancy into consideration. By 
using MVNL technology, a Baseline Extension adjustment 
may apply the characteristics of energy usage during one 
time period to the weather of another time period. The 
Baseline Extension may be designed to determine what the 
energy usage would have been during the current year 
without a change in the energy system. Baseline Extensions 
may extend forward and backward in time. 
0053. The second type of adjustment may be a schedule 
proportional adjustment to a Baseline Extension. The sched 
ule proportional adjustments may take into consideration 
building additions, demolitions, or expansions. The sched 
uled proportional adjustments also may reflect the date of 
rate adjustments becoming effective. 

0054 The energy information may take several data 
Sources into consideration. The data sources may include 
interval data, utility bill data, simulation, and manually read 
meter data. The interval data may originate from automati 
cally read meters. 
0055. The rate information may take complex rates into 
consideration. The complex rates may be determined in part 
by time-of-use data, peak values, reactive power penalties, 
seasonal rate changes, fees, and taxes. 
0056 Load forecasting technology has a number of appli 
cations. The applications may relate to (1) the quality control 
of data, (2) five-day forecasts, (3) weather-adjusted com 
parisons, (4) comparison of energy usage to a static, 
weather-adjusted Baseline, (5) calculation of cost savings 
that result from conservation measures, and (6) calculation 
of the cost of wasteful operations. The quality control of data 
may involve comparing expected values with actual values. 
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The five-day forecast applications may include demand and 
consumption forecasts. The weather adjusted comparison 
applications may compare the current time period with a 
previous time period. Such as the current year with last year 
or the current quarter or month with the same quarter or 
month of a previous year. Additional, fewer, or alternate 
applications also may utilize load forecasting technology. 
0057 The Energy and Cost Savings Calculation System 
may generate a number of detailed reports. For instance, 
load forecasting applications may compare a forecast with 
the actual data. In one application, energy usage data and 
reports may be sent electrically, such as by email, to cus 
tomers. The application may use load forecasting technol 
ogy to determine if the data collected is reasonable. Other 
reports may include comparative energy reports, rolling 
annual meter reports, rolling annual reports, performance 
contract project rolling annual reports, life of performance 
contract project reports, and various ad hoc roll-up reports. 
IV. Exemplary Embodiments 
0.058 FIG. 1 illustrates an exemplary data processor 110 
configured or adapted to provide the functionality of the 
Energy and Cost Savings Calculation System. The data 
processor 110 includes a central processing unit (CPU) 120, 
a memory 132, a storage device 136, a data input device 138, 
and a display 140. The processor 110 also may have an 
external output device 142, which may be a display, monitor, 
a printer or a communications port. The processor 110 may 
be interconnected to a network 144. Such as an intranet, the 
Internet, or an intranet connected to the Internet. The data 
processor 110 is provided for descriptive purposes and is not 
intended to limit the scope of the present system. The 
processor may have additional, fewer, or alternate compo 
nentS. 

0059) A program 134 may reside on the memory 132 and 
include one or more sequences of executable code or coded 
instructions that are executed by the CPU 120. The program 
134 may be loaded into the memory 132 from the storage 
device 136. The CPU 120 may execute one or more 
sequences of instructions of the program 134 to process data. 
Data may be input to the data processor 110 with the data 
input device 138 and/or received from the network 144. The 
program 134 may interface the data input device 138 and/or 
the network 144 for the input of data. Data processed by the 
data processor 110 is provided as an output to the display 
140, the external output device 142, the network 144 and/or 
stored in a database. 

0060 FIG. 2 is a schematic representation of the 
Adjusted Cost Technology 200 employed by the Energy and 
Cost Savings Calculation System. As shown, in one embodi 
ment, the system may receive energy data 202 and weather 
data 204 as input. The energy data 202 may originate from 
utility bills, simulations, adjustments, and/or meters. The 
weather data 204 may originate from a weather data pro 
vider, such the National Oceanic and Atmospheric Admin 
istration (NOAA). The energy data 202 and weather data 
204 may be used by a processor that performs load fore 
casting 206, such as MVNL load forecasting. The processor 
subsequently may use billing determinants 208 to adjust the 
load forecasting 206. The billing determinants 208 may 
include adjusted energy rates, such as energy rates adjusted 
for time of use. The processor may further adjust the load 
forecasting 206 based upon complex rate schedules 210 to 
determine a cost 212 or cost savings. 
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0061 FIG. 3 illustrates an exemplary monthly linear 
regression load forecasting technique. For the example 
shown, the monthly energy usage was taken from utility 
bills. Daily high and low dry-bulb temperature data was 
obtained from the NWS. Subsequently, the monthly energy 
usage was compared to the average monthly outside air dry 
bulb temperature by means of a linear regression. 

0062. As shown by FIG. 3, the linear regression tech 
nique 300 plots a best fit straight line through the data points. 
Accordingly, the accompanying monthly error may be rather 
large. However, the error associated with linear regression 
may be reduced as the Reporting Period time increases. For 
example, the error trends towards Zero as the Reporting 
Period increases to one year. Still, due to the errors associ 
ated with shorter time periods, the usefulness of a linear 
regression technique may be limited to calculating annual 
energy usage and savings. 

0063 More specifically, FIG. 3 shows actual loads 302 
versus predicted loads 304 using a monthly liner regression 
technique 300 over a three year period. The predicted loads 
304 are represented by square icons. The actual loads 302 
are represented by diamond icons. As shown, the linear 
regression technique 300 provides an approximately straight 
line of the predicted load data 304 through the actual load 
data 302. The monthly linear regression technique 300 
illustrated also utilized the average monthly temperature. 

0064 On the other hand, as noted above, MVNL load 
forecasting may use a number of different input variables or 
external parameters to forecast energy loads. For example, 
the input variables may include daily weather data, opera 
tional data, calendar data, and time-of-use data. 

0065 FIG. 4 illustrates an exemplary MVNL load fore 
casting technique 400. The MVNL technique 400 shown 
uses the following as input: (1) daily weather data, (2) 
operational data, (3) calendar data, and (4) time-of-use data. 
The daily weather data may include dry-bulb temperature, 
dew point temperature, and Solar condition data. The opera 
tional data may include type of use data, Such occupied or 
unoccupied information. The calendar data may identify the 
day of week, the day of year, or the week of the year. The 
time-of-use data may include daily energy consumption data 
and daily energy peak data. Additional, fewer, or alternate 
external parameters may be utilized by the MVNL load 
forecasting technique 400. 

0066 An exemplary MVNL load forecasting technique is 
illustrated in Table II below. The MVNL load forecasting 
technique shown receives weather data corresponding to a 
number of weather parameters or variables and performs a 
simultaneous best fit solution for all of the variables, and 
Subsequently generates a number of coefficients or constants 
to be determined corresponding to each weather parameter. 
0067. In particular, the exemplary load forecasting tech 
nique accepts data for a number of weather related variables. 
The weather related variables include AvgDayTemp (the 
average daily outside air temperature), Solarindex (a mea 
sure of Sunniness, the solar index varies between 0.3 and 1.0 
depending on the amount of Sunshine received during the 
day), Dewpoint (the average daily dew point temperature), 
DayType (a value that is 1 for weekdays and 0 for weekends 
and holidays), DayOfWeek (a number between 1 and 7. 
starting with 1 for Monday and ending with 7 for Sunday), 
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and DayOfYear (a number between 1 and 366, starting with 
1 for January 1 and continuing sequentially throughout the 
days of the year). Data pertaining to additional, fewer, or 
alternative weather related variables also may be accepted as 
input. 

TABLE II 

Exemplary MVNL Load forecasting Technique 
Multi-Variable, Non-Linear Model. 

Used to Calculate Building Energy Values 
(Demand or Consumption) 

A. Independent Variables: 
Avg DayTemp - Average Daily outside Air 
temperature 
Solarindex - Solar Index, a measure of 
“Sunniness. Index varies between 
0.3 and 1.0 depending on the amount of 
Sunshine received during the day. 
Dewpoint - Average daily dew point temperature 
DayType - A value which is 1 for weekdays and 
O for weekends/holidays. 
DayOfWeek - Day of week number (varies between 
and 7, where Monday = 1, etc) 

DayOfYear - Day of year number (varies between 
and 366, where January 1st = 1, etc) 

B. Constants to be determined. 
Co1, C11. C21, C31, Co2, C12, C22, C32, Do So, 
To, Wo. Yo 

C. Equations 
1. Dewpoint: 

f"Dewpoint is unknown, then simulate it 
with the following equation: 
Dewpoint = -0.996.117744 -0.429185771* 
MinDayTemp - 0.642669651* MaxDayTemp + 2.04489578* 
AveDayTemp - 11.2521308 * Solarindex + 0.00509644 * 
DayOfYear: 

2. Building Energy Value: 
X = (Avg DayTemp + SoSolarindex * DayType) 
Building Energy Value = Limit Building Energy 
value to a positive number 
DoDewpoint for range 

of effectiveness 
where Temp 
is less than 
changeover temp. 
where Temp 
is greater than 
changeover temp. 

0068 The constants to be determined in the example 
shown include Col. C1, C2, C1, Co2, C12, C22, C2, Do So, 
To Wo, and Yo Co, C1, C2, and Cs are constants 
associated with a first polynomial equation where tempera 
ture is less than the changeover temperature. Co., C2, C-2, 
and C are constants associated with a second polynomial 
equation where temperature is greater than the changeover 
temperature. The changeover temperature is the temperature 
at which a building heating and cooling system switch, with 
one becoming operative and the other inoperative. The 
change over temperature is typically about 65 degrees 
Fahrenheit. Do is a constant associated with the dew point 
temperature. So is a constant associated with the Solar index. 
To is a constant associated with the type of day. Wo is a 
constant associated with the day of the week. Yo is a constant 
associated with the day of the year. Additional, fewer, or 
alternative constants also may be determined. 
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0069. If no dew point temperature data is available, the 
exemplary load forecasting technique calculates an esti 
mated dew point temperature. The estimated dew point 
temperature is based upon a dew point constant 
(-0.996.117744 in the example of shown), the minimum day 
temperature (MinDayTemp), the maximum day temperature 
(MaxDayTemp), the average day temperature (AvgDay 
Temp), the solar condition (Solarindex), and the day of the 
year (DayOfYear). The MinDayTemp, the MaxDayTemp, 
the AvgDayTemp, the Solarindex, and the DayOfYear vari 
ables may each be multiplied by a corresponding constant. 
Additional, fewer, or alternative factors also may be used to 
estimate dew point temperature. 
0070. Subsequently, the exemplary load forecasting tech 
nique calculates energy demand or consumption by solving 
a single equation based upon input data corresponding to the 
average daily temperature, the type of day (either occupied 
or unoccupied), the Solar condition, the day of the year, the 
day of the week, and the dew point temperature. Additional, 
fewer, or alternate variables also may be used to calculate 
energy demand. 

0071 More specifically, as shown in Table II, the exem 
plary load forecasting technique calculates energy demand 
or consumption by calculating a variable X that represents 
the average daily temperature (AvgDayTemp) plus a Solar 
constant (S) multiplied by the solar condition (Solarindex) 
multiplied by the type of day (DayType). The building 
energy value, representing either demand or consumption, 
may then be computed. However, the building energy value 
should be limited to only positive numbers. 
0072. In the example illustrated by Table II, the building 
energy value equals the Sum of (1) either the actual or 
calculated dew point (Dewpoint) multiplied by a dew point 
constant (Do), (2) a first polynomial equation, (3) a second 
polynomial equation, (4) the type of day (DayType) multi 
plied by a day type constant (T), (5) the day of the week 
(DayOfWeek) multiplied by a day of the week constant 
(Wo), and (6) a seasonal equation multiplied by a day of the 
year constant (Y). 
0073. In the example shown, the Dewpoint multiplied by 
Do calculation estimates the effect that the dew point has 
upon energy load and cost, which varies dependent upon the 
season of the year. The first polynomial equation estimates 
the effect of the temperature being less than the changeover 
temperature upon energy load and cost. The second poly 
nomial equation estimates the effect of the temperature 
being greater than the changeover temperature upon energy 
load and cost. 

0074 Additionally, the DayType multiplied by To calcu 
lation estimates the effect of building occupancy upon 
energy load and cost. The DayOfWeek multiplied by Wo 
calculation estimates the effect of the specific day of the 
week upon energy load and cost. The seasonal equation 
multiplied by Yo calculation estimates the effect of seasonal 
changes upon energy load and cost. 

0075 Moreover, other equations and calculating tech 
niques may be used to calculate energy or cost savings for 
a building conservation measure. Other non-linear or poly 
nomial regressions may be used other than the example 
shown in Table II above. For example, a polynomial regres 
sion solving for estimated energy load may use any combi 



US 2006/0167591 A1 

nation of various outside air temperatures, Solar conditions, 
day classifications, or seasonal information as inputs. Addi 
tionally, a neural network or other Software engine that 
provides for the simultaneous solution of multiple equations 
may be used by the Energy and Cost Savings Calculation 
System. 

0076) The MVNL load forecasting technique 400 may 
produce a small monthly error and the annual error may 
trend toward Zero. The MVNL load forecasting technique 
400 may calculate forecast data points 402 that “blanket' or 
closely reflect the actual data points 404. The blanketing of 
the data results in part from the additional, as well as the 
specific, parameters used. The MVNL load forecasting tech 
nique may produce a calibrated simulation which solves for 
energy consumption and peak load in each defined time-of 
use period for each day using the above-mentioned inputs. 
The MVNL technique 400 may be used to forecast daily, 
weekly, monthly, quarterly, semi-annual, annual, or other 
time period energy usage. 

0077 More specifically, FIG. 4 shows the actual loads 
404 versus the forecast loads 402 predicted by the MVNL 
technique 400 over a one-year period. The actual loads 404 
again are represented by diamond icons. The forecast loads 
402 are represented by square icons. As shown, the MVNL 
load forecasting technique 400 approximately mirrors the 
actual data, providing forecast loads 402 that more accu 
rately predict the actual loads 404. 

0078 Table III below provides a comparison of the linear 
regression and MVNL load forecasting techniques. The 
linear regression technique may be based upon pre-existing 
utility bills and rely upon few data elements, resulting in 
relatively large monthly errors. On the other hand, the 
MVNL technique may be based upon numerous external 
parameters for which the data is automatically obtained and 
updated on a daily basis, which facilitates the production of 
small monthly errors. For instance, the MVNL technique 
may use interval data received automatically from meters. In 
the examples shown, the monthly linear regression error is 
approximately 32 times larger than the monthly error of the 
MVNL technique. 

TABLE III 

Comparison of Load forecasting Techniques 

Linear Regression MVNL 
Monthly Utility Interval Meter 
Bill-based Data-based 

Data Points One per month 2900 per month (based 
on 15-minute interval 
data) 

Update Monthly Daily 
Frequency 
Time Lag 4–6 weeks to receive 4–6 hours after 

the utility bill the end of the day to 
receive results 

Load OA dry bulb temperature OA dry bulb temper 
Adjustments ature 
Based on: OA dew point temper 

ature 
Solar condition 
Time-of-Use periods 
Day type (WDWE/HOL) 
Day of week 
Day of year 
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TABLE III-continued 

Comparison of Load forecasting Techniques 

Linear Regression MVNL 
Monthly Utility Interval Meter 
Bill-based Data-based 

Model Single variable, linear Multi-variant, non 
regression linear model that 

reflects how inputs 
affect facility energy 
usage 

Accuracy Daily Error: Does not apply Daily Error: 2%-to-5% 
Monthly Error: -5%-to-15% Monthly Error: 0.2%-to 
Annual Error: ~0%-to-1% O.6% 

Annual Error: ~0% 

0079 The goal of using any load forecast simulation is to 
keep the variation between metered and simulated (i.e., 
“forecast') values sufficiently small so as not to interfere 
with the application. For example, a simulation error of 1% 
may be acceptable if one is simply predicting the peak 
electric load for tomorrow. However, a simulation error of 
1% for a load forecast used to calculate energy savings will 
probably distort the analysis if combined with savings 
measures that produce actual energy savings between 1 and 
2%. 

0080 FIG. 5 illustrates a comparison of the error rates 
produced from MVNL and monthly linear regression load 
forecasting 500. As shown, the average monthly error 502 of 
conventional linear regression techniques is approximately 
7% and the average quarterly error 504 and the average 
semi-annual error 506 of conventional linear regression 
techniques may be 4.6% and 4.2%, respectively. Hence, the 
error rates associated with linear regression techniques may 
be unacceptable due to the accompanying financial uncer 
tainty. Accordingly, in one embodiment, the Baseline Exten 
sion error should be less than 10% of the savings. For 
example, if savings are 10%, the Baseline Extension error 
should be 1.0% or less of the savings to avoid distorted 
results. 

0081 FIG. 5 also shows a comparison of the average 
daily, weekly, bi-weekly, monthly, quarterly, semi-annual, 
and annual average error rates of the MVNL and linear 
regression techniques. For an annual calculation, both tech 
niques trend toward 0% error. However, for linear regression 
techniques, this result may be explained in part because the 
inaccuracies tend to cancel the effect of each other as the 
time period is lengthened. Therefore, as more data points are 
used, the net effect is that the average error is reduced. 
0082 Load calculations based upon monthly linear 
regression techniques may have average errors which distort 
the energy or cost savings calculations. The MVNL tech 
nique, on the other hand, may provide daily updates based 
upon 15-minute data. The time period for the MVNL tech 
nique may be a day. As shown in FIG. 5, the average daily 
error 510 may be much less than the average monthly error 
502 of the monthly linear regression technique. A five-day 
peak load forecasting application may further reduce the 
average error to more acceptable levels. Moreover, for 
comparative energy or cost savings applications, the average 
monthly error 512 is small enough such that distorted 
monthly results do not occur or are minimal. In some 
instances, weekly or bi-weekly data also may be used 
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without severe distortion due to average weekly errors 514 
or average biweekly errors 516. Therefore, the MVNL load 
forecasting technique may produce more accurate energy 
and cost savings calculations than linear regression tech 
niques. 
0083. Furthermore, the MVNL load forecasting tech 
nique may utilize interval meter data as an input, while 
linear regression techniques may be based upon monthly 
utility bills. The interval data may be obtained after the 
installation of metering equipment. The metering equipment 
may provide current data automatically. The readily acces 
sible interval data may contribute to the reduction of the 
error rates accompanying each time period. 
0084. Additionally, even if no single utility bill is avail 
able, interval data may still be obtainable. For instance, in 
situations where no single overall utility bill for an entire 
building is available, such as when Sub-metering is utilized, 
the MVNL technique may still be used to calculate energy 
and cost savings. Sub-metering may monitor the energy 
usage of certain portions of a building or individual pieces 
of equipment. The MVNL technique also may be utilized in 
situations where more frequent updating, Such as daily, 
weekly, or bi-weekly, or more accurate monthly updating is 
either desired or required. 
0085. As noted above, the second mode of operation of 
the Energy and Cost Savings Calculation System may track 
energy and cost savings. The second mode may operate 
continuously and automatically. The second mode also may 
calculate ideal savings, actual savings, forecast savings, 
actual slip, and future slip of an environmental management 
system. 

0.086 The second mode may utilize Baseline Extensions, 
Reference Period Modifications, actual analysis, and fore 
cast analysis. The Baseline Extensions and Reference Period 
Modifications may provide energy usage and cost based 
upon consumption characteristics from another time period, 
i.e., use analysis of past data. The actual analysis may 
provide analysis of the actual energy usage and cost without 
adjustments. The actual analysis also may provide analysis 
based upon the most current or real-time data. The forecast 
analysis may provide analysis of anticipated or future energy 
usage and cost. 
0087 FIG. 6 illustrates the second mode of operation 
600 of the Energy and Cost Savings Calculation System. 
The second mode 600 may calculate or establish a first 
Baseline Reference 602 that estimates the energy usage prior 
to any retrofits or energy conservation measures being made 
to an environmental management system or building. The 
first Baseline Reference 602 may be extended to the present 
time period and beyond by a first Baseline Extension 604. 
0088. The second mode 600 also may calculate or estab 
lish a second Baseline Reference 606 that estimates the 
energy usage Subsequent to retrofits or energy conservation 
measures being made to an environmental management 
system or building. The second Baseline Reference 606 may 
be extended, taking more recent or current conditions into 
consideration, to provide (1) an updated actual energy usage 
curve for the recent past and present, and (2) an anticipated 
or future energy use and cost curve, as shown by the MVNL 
Forecast curve 608. The second Baseline Reference 606 also 
may be extended to the present time period and beyond by 
a second Baseline Extension 610. 
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0089. The Energy and Cost Savings Calculation System 
may calculate the Ideal Savings 612 by subtracting the 
second Baseline Extension 610 from the first Baseline 
Extension 604. The system may calculate the Actual Savings 
614 by Subtracting the actual energy usage from the first 
Baseline Extension 604. The Forecast Savings 616 may be 
calculated by subtracting the MVNL Forecast curve 608 
from the first Baseline Extension 604. 

0090 The Slip is the amount of energy and cost savings 
expected but not actually realized. The Actual Slip 618 may 
be calculated by subtracting the second Baseline Extension 
610 from the actual energy usage. The Forecast Slip 620 
may be calculated by subtracting the second Baseline Exten 
Sion 610 from the MVNL Forecast curve 608. 

V. Exemplary Reports 

0091 FIG. 7 illustrates an exemplary weather and energy 
report. The report may provide energy usage and weather 
information. The report may be delivered as an email 
message or an email attachment. FIG. 7 shows the “Actual 
and “Expected entries within the “Weather and Energy 
Report.” The Expected entry is based upon a MVNL load 
forecast of near-term historic data. The Expected entry may 
be used as a daily benchmark of the previous day's opera 
tion. 

0092 Load forecasting applications may prepare five-day 
forecasts of demand and consumption. For example, the 
MVNL load forecasting technique may be used to predict 
the peak electric and daily energy consumption for the next 
five days. The predictions may be based upon weather 
forecasts and operational schedules. FIG. 7 also shows an 
exemplary five-day weather and energy report. 
0093 Load forecasting applications may prepare 
weather-adjusted comparisons, including a comparison of 
the current year with the previous year. A comparison of the 
present year's energy usage with last years usage may 
provide useful information. However, because various fac 
tors are not the same for different years, adjustments may be 
necessary. Accordingly, the MVNL load forecasting tech 
nique may be used to make weather and operational adjust 
ments. Furthermore, another adjustment may be made to 
account for internal load changes. Additional, fewer, or 
alternate adjustments also may be performed. 
0094 FIG. 8 illustrates an exemplary comparative 
energy use report that displays weather-adjusted compari 
sons. As the monthly error rate of the MVNL technique may 
be quite low, the monthly entries in the report may have 
minimal distortion. Comparative energy use reports also 
may be used to track energy usage for ISO-14001 certifi 
cation where continuous improvement is sought. 
0095) A weather-adjusted comparison may present an 
expected range of operational changes. The illustrative com 
parative energy use report discussed above was run for 49 
facilities comparing the current year's power consumption 
against the previous years weather-adjusted power con 
sumption. The results are shown in FIG. 9, which illustrates 
weather-adjusted percentage change in annual electricity 
uSage. 

0096. The percentage change of power used in the 
example shown ranges from -10% to +10%. FIG. 9 does 
show discontinuities at the extreme left (decrease) and the 
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extreme right (increase). However, it should be noted that 
the two data entries at the far left represent faulty data due 
to monitoring difficulties as the meter was bypassed for 
several months during renovations. Additionally, the two 
entries at the far right represent faulty data due to more loads 
being added during the time period being monitored. On the 
other hand, the entries in the middle represent accurate data 
for a facility during the time period being monitored. As a 
result, one conclusion to be drawn is that operational 
changes, both positive and negative, may have a weather 
adjusted net annual effect of between -10% to +10% in 
energy usage. 

0097. Load forecasting applications may compare energy 
usage to static, weather-adjusted Baselines and Basic Ref 
erence Periods. Many times, a static or fixed reference 
period is used for comparison. For example, a period before 
a major change is made may be used as the Baseline against 
which future energy consumption is to be measured. How 
ever, instead of being the previous year or time period before 
an energy conservation measure is employed, the Baseline 
may be a predefined static time period. The Comparative 
Energy Use Report shown in FIG. 8 also may be used as a 
reference. 

0.098 Load forecasting applications may calculate the 
cost of wasteful operations. The same method that calculates 
savings can be used to calculate the cost of wasteful opera 
tions. FIGS. 10A through 10F illustrate a monitoring and 
verification (M&V) annual meter report. The M&V annual 
meter report shown also may be used to quantify excessive 
cost practices. The MVNL technique may be imbedded 
within the calculations. The small monthly error of the 
MVNL load forecasting technique means that wasteful 
operations may be accurately documented each month. 

0099 More specifically, FIGS. 10A through 10F illus 
trate the monthly cost savings over a twelve month period. 
For the example shown, an office building during one 
calendar year was compared to a weather-adjusted calendar 
year. The report shows a 1.3% reduction in power consump 
tion with a 3.8% average increase in monthly peak loads. 
However, the on-peak electric rate for the Actual On-Going 
table was $0.05599/KWH, whereas the on-peak electric rate 
for the Baseline table was S0.06000/KWH. All other rate 
elements were the same. The resulting annual cost savings 
was over S8,000. If the rates were the same for the Baseline 
and the Actual On-Going tables, the results would have been 
a net annual increase in costs, i.e., waste, of approximately 
S4,400. 

0100. In sum, the Energy and Cost Savings Calculation 
System uses a MVNL load forecasting technique that is 
more accurate than the utility bill-based linear regression 
techniques. The MVNL technology enables monthly, 
weekly, and even daily load forecasting to be achieved with 
acceptable accuracy. The MVNL technique may utilize 
interval meter data that is automatically received by the 
system. The system may remove the limitation of monitor 
ing only the main utility meter via monthly bills. Addition 
ally, with the availability of MVNL using interval meter 
data, meters may be installed wherever they are needed. For 
example, if a chiller plant is retrofitted, a meter dedicated to 
the chiller plant may provide data for that specific conser 
Vation measure. As a result, the dilution of any energy and 
cost savings calculations by other parts of the facility, Such 
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as would be the case with utility bill-based monitoring of the 
main electric meter, may be prevented. 
0101) While the preferred embodiments of the invention 
have been described, it should be understood that the inven 
tion is not so limited and modifications may be made without 
departing from the invention. The scope of the invention is 
defined by the appended claims, and all devices that come 
within the meaning of the claims, either literally or by 
equivalence, are intended to be embraced therein. 
0102) It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, 
and that it be understood that it is the following claims, 
including all equivalents, that are intended to define the 
spirit and scope of this invention. 
What is claimed is: 

1. A data processing system for forecasting energy loads, 
the system comprising: 

a processing unit operable to receive a plurality of exter 
nal parameters, wherein the processing unit forecasts 
energy loads for a building based upon the external 
parameters by utilizing multi-variant non-linear 
(MVNL) load forecasting. 

2. The system of claim 1, wherein the external parameters 
include daily weather data. 

3. The system of claim 2, wherein the daily weather data 
includes dew point temperature data. 

4. The system of claim 2, wherein the daily weather data 
includes Solar condition data. 

5. The system of claim 2, wherein the daily weather data 
includes outside air dry bulb temperature data. 

6. The system of claim 1, wherein the external parameters 
include type of day data, the type of day being a weekend, 
a weekday, or a holiday. 

7. The system of claim 1, wherein the external parameters 
include calendar data, the calendar data identifies the day of 
the week or the day of the year for a given day. 

8. The system of claim 1, wherein the external parameters 
include daily time-of-use energy data, the daily time-of-use 
energy data is related to on-peak, shoulder, and off-peak 
electric rates. 

9. The system of claim 1, wherein the MVNL load 
forecasting technique uses multiple reference periods within 
a baseline, each reference period corresponding to a different 
time period. 

10. The system of claim 9, wherein the MVNL load 
forecasting technique calculates a first baseline extension 
from data obtained before the installation of an energy 
conservation measure and a second baseline extension from 
data obtained after the installation of the energy conserva 
tion measure. 

11. The system of claim 1, wherein the MVNL load 
forecasting technique uses reference period modifications 
within the baseline to more accurately represent the actual 
outside air temperature. 

12. The system of claim 1, wherein the external param 
eters include data from automatically read meters. 

13. The system of claim 1, wherein the processor calcu 
lates actual cost savings and forecast cost savings. 

14. The system of claim 13, wherein the processor cal 
culates actual savings slip and forecast savings slip. 

15. The system of claim 14, wherein the processor gen 
erates energy usage reports. 



US 2006/0167591 A1 

16. The system of claim 1, wherein the external param 
eters include weather data received from a plurality of 
Sources and the processor identifies the most accurate 
weather data available to be used by the MVNL load 
forecasting technique. 

17. A data processing system for forecasting energy loads, 
the system comprising: 

a processing unit operable to receive a plurality of vari 
ables that are updated at least daily, the variables 
include daily weather data, wherein the processing unit 
forecasts energy loads for a building based upon the 
variables. 

18. The system of claim 17, wherein the daily weather 
data includes dew point temperature data. 

19. The system of claim 17, wherein the daily weather 
data includes Solar condition data. 

20. The system of claim 17, wherein the daily weather 
data includes outside air dry bulb temperature data. 

21. The system of claim 17, wherein the system uses 
multiple reference periods within the baseline and reference 
period modifications to more accurately represent the out 
side air temperature conditions of the reporting period. 

22. A method for calculating energy loads, the method 
comprising: 

receiving weather and energy data, the weather and 
energy data containing information regarding a plural 
ity of parameters; 

calculating multiple reference periods from the weather 
and energy data, each reference period corresponding 
to a different time period; and 

forecasting energy loads for a building using the multiple 
reference periods. 

23. The method of claim 22, wherein each reference 
period corresponds to a different month. 

24. The method of claim 22, comprising: 
calculating a first baseline from data obtained before the 

installation of an energy conservation measure; and 
calculating a second baseline from data obtained after the 

installation of the energy conservation measure. 
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25. The method of claim 22, comprising modifying at 
least one reference period to more accurately represent the 
outside air temperature conditions of the reporting period. 

26. The method of claim 22, wherein the weather data 
includes dew point temperature data. 

27. A computer-readable medium having instructions 
executable on a computer stored thereon, the instructions 
comprising: 

receiving weather data associated with a plurality of 
weather parameters; 

receiving energy data associated with energy usage; and 
forecasting the energy load for a building during a specific 

time period by using Multi-Variant Non-Linear tech 
nology. 

28. The computer-readable medium of claim 27, compris 
ing determining the cost of the energy load based upon 
time-of-use electric rates. 

29. The computer-readable medium of claim 27, wherein 
the weather parameters include Solar condition, outside air 
dry-bulb temperature, dew point temperature, and baromet 
ric pressure. 

30. The computer-readable medium of claim 29, compris 
ing assigning Solar condition coefficients based upon the 
Solar condition. 

31. The computer-readable medium of claim 27, compris 
1ng: 

calculating a first baseline for energy usage from data 
obtained before the installation of an energy conserva 
tion measure; and 

calculating a second baseline for energy usage from data 
obtained after the installation of the energy conserva 
tion measure. 

32. The computer-readable medium of claim 31, compris 
ing extending at least one reference period to more accu 
rately reflect the outside air temperature range of the report 
ing period. 


