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(57) ABSTRACT 

A lighting system for displacing energy is provided. The 
lighting system includes a light sensor to measure an amount 
oflight provided from the natural lighting fixture to a building 
environment. The lighting system further includes processing 
electronics to receive information from the light sensor and to 
use the received information to determine when the amount of 
light provided from the natural lighting fixture is sufficient to 
allow one or more electric lighting fixtures to be turned off or 
dimmed, the processing electronics causing the one or more 
electric lighting fixtures to turn off or dim in response to the 
determination. The processing electronics are further config 
ured to calculate the energy saved from turning off or dim 
ming the one or more lighting fixtures. The lighting system 
further includes a communications interface configured to 
transmit the results of the calculation of energy saved from the 
processing electronics to a second party. 

Utility Consumer (one or more facilities, buildings, etc.) 

Old Lighting 
Technology 

Metering 
Device 

Meter Data 

106 

Technology Provider 
Computer System 

cessing Circuit 

New Lighting 
Technology 102 

Payment of Utility Invoice from 
Technology Provider 

Utility invoice (for a Power Reduction Over Time at a New Utility 
Rate Calculated by Apportioning the Return Needed for Repayment 

of the Technology Costas a Function of the Power Base Load 
Capacity Relief Provided by the New Lighting Technology) 
114 

112 

116 

Processor 

Memory 120 

Baseline information 122 

Metering Database 124 

Power Base Load 126 

Utility 
Company 

110 Return Requirement 

Capacity Relief Calculator 

Technology Cost 128 
information 

130 

Calculation Module 

New Utility Rate 
Calculation Module 132 

Utility Invoice Generation 134 
Module 

  

  

  

  

  

    

  

  



Patent Application Publication Aug. 16, 2012 Sheet 1 of 7 US 2012/0209755A1 

Utility Consumer (one or more facilities, buildings, etc.) 

Old Lighting New Lighting 
Technology Technology 102 

Utility 
Company 

Metering 
Device 

Payment of Utility Invoice from 
Technology Provider 

Utility Invoice (for a Power Reduction Over Time at a New Utility 
Rate Calculated by Apportioning the Return Needed for Repayment 

of the Technology Cost as a Function of the Power Base Load 
Capacity Relief Provided by the New Lighting Technology) 

114 

Meter Data 

112 

Technology Provider 
Computer SVstem puter Sy 116 
Processing Circuit 118 

Processor 

Memory 120 

Baseline Information 12 

Metering Database 12 

12 

12 

2 

4 

POWer Base Load 6 
Capacity Relief Calculator 

Technology Cost 
Information 

8 

110 Return Requirement 130 
Calculation Module 

New Utility Rate 132 
Calculation Module 

F G 1 A Utility Invoice Generation 134 
Module 

        

  

  

    

  



Patent Application Publication Aug. 16, 2012 Sheet 2 of 7 US 2012/0209755A1 

ps 150 

obtaining, at a metering device, power usage information associated 
with operation of a new lighting technology 151 

Calculating, at a processor and based on the power usage information 
obtained from the metering device, a power base load capacity relief 
of an electrical system to a utility provider resulting from change from 152 

old lighting technology to the new lighting technology 

receiving, at the processor, a technology Cost including fixed and 
variable costs to install and maintain the new lighting technology 153 

calculating, at the processor, a return needed for repayment of the 
technology cost 154 

determining, by the processor, a new utility rate by apportioning the 
return needed for repayment of the technology cost as a function of 

the power base load capacity relief 155 

calculating and providing a utility invoice to the utility Consumer for a 
power reduction over time at the new utility rate, the power reduction 156 

over time provided by use of the new lighting technology 

FIG. 1B 

  



Patent Application Publication Aug. 16, 2012 Sheet 3 of 7 US 2012/0209755A1 

Account Number: 10-ABCCOO1 
Statement Due: 2/28/2007 

Customer and Mailing Address 
ABC Company 
123 Main Street 
Anytown, USA 11111 

Your Current Energy Usage 
Jace Number From TO 

#4567 2/1/2007 2/28/2007 

Detail of Current Charges 
Energy Charge Calculation 

Original Monthly Base Line kWh 2,125,386 
Current kWh 1,043,332 

kWh Reduced 1,082,054 

Virtual POWer Plant Rate S 0.02 

Total Energy Charge 

Total Current Charges 

FIG. 1C 

Usage 

1,043,332 kWh 

kWh. 

kWh. 

kWh. 

kWh 

S 

S 

21,641.08 

21,641.08 

  



Patent Application Publication Aug. 16, 2012 Sheet 4 of 7 US 2012/0209755A1 

Replace Traditional 
Light Fixtures on One 210 

for One Basis 

Install Utility Meter to 
Verify Capacity Relief 220 

Determine Aggregate 
Displaced Capacity 230 

Sell Blocks of 
Displaced Energy 240 

Generation 

FIG. 2 

  



Patent Application Publication Aug. 16, 2012 Sheet 5 of 7 US 2012/0209755A1 

300 

* 1. 
303 305 

301 

307 310 335 
Local Controller 

304 

334 OHO O-O 
306 333 

FG 3A 1. 330 331 332 
308 

-N 
N 

Potential Energy Y 
Reduction via Natural Y na 
Light Replacement NL Communications interface 314 
5 Processing Electronics 318 
2 312 

M 316 

ce 

320 Utility Company E. 
XChange 

322 Buyer of Pollution Credits Technology 
Provider 

  

  



Patent Application Publication Aug. 16, 2012 Sheet 6 of 7 US 2012/0209755A1 

350 
Measure, at a Light Sensor, an Amount of Light Provided from a Natural 

Lighting Feature to a Building Environment 351 

Receive the Information from the Light Sensor and Provide the 
Information to Processing Electronics 352 

Use the Processing Electronics to Determine Whether the Amount of 
Light Provided from the Natural Lighting Feature is Sufficient to Allow 
One or More Electric Lighting Fixtures to be Reduced or Turned Off 353 

Cause the One or More Electric Lighting Fixtures to Turn Off in 
Response to a Determination that the Amount of Light Provided from 
the Natural Lighting Fixture is Sufficient to Allow One or More Electric 

Lighting Fixtures to be Reduced or Turned Off 354 

Calculate the Energy Saved from Reducing or Turning Off the One or 
More Electric Lighting Fixtures 355 

Communicate the Results of the Calculation of Energy Saved to a 
Second Party for Completing a Transaction 356 

FIG. 3B 

  



Patent Application Publication Aug. 16, 2012 Sheet 7 of 7 US 2012/0209755A1 

From a Utility or Financing Entity of a Utility, Funding End-User Energy 
Efficiency improvements in Exchange for an Agreement of the End 

User to Pay for the Energy Savings Over Time 

Estimating an Energy Savings (i.e., Power Base Load Capacity Relief) 
Resulting from Replacing the Old Technology with the Energy Efficient 

Technology 

Calculating a Return Needed for Repayment of the Energy Efficient 
Technology Cost 

Determining a New Utility Rate by Apportioning the Return Needed for 
Repayment of the Technology Cost as a Function of the Estimated 

Base Power Load Capacity Relief 

Generating a Utility Invoice for Sending to a Utility Consumer, the Utility 
Invoice including a Payment Amount for a Power Reduction Over Time 

at the New Utility Rate 

FIG. 4 Nao 

402 

404 

406 

408 

410 

  



US 2012/0209755A1 

LIGHTING SYSTEMIS AND METHODS FOR 
DISPLACING ENERGY CONSUMPTION 
USINGNATURAL LIGHTING FIXTURES 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. The present application is a Continuation of U.S. 
application Ser. No. 13/371.249, filed Feb. 10, 2012, which is 
a Continuation-in-Part of U.S. patent application Ser. No. 
12/559,240, filed Sep. 14, 2009, which is a Continuation-In 
Part of U.S. patent application Ser. No. 1 1/771,317, filed Jun. 
29, 2007 (now U.S. Pat. No. 7,638,743). U.S. application Ser. 
No. 13/371.249 is also a Continuation-in-Part of U.S. patent 
application Ser. No. 1 1/744,083, filed May 3, 2007. U.S. 
application Ser. NO. 13/371.249 is also a Continuation-in 
Part of U.S. patent application Ser. No. 12/550,270, filed Aug. 
28, 2009, which is a Continuation-In-Part of (a) Ser. No. 
11/771,317, filed Jun. 29, 2007, and (b) Ser. No. 12/240,805, 
filed Sep. 29, 2008, which is a Continuation-In-Part of U.S. 
application Ser. No. 12/057217, filed Mar. 27, 2008. The 
entireties of U.S. patent application Ser. Nos. 13/371.249, 
12/559,240, 11/744,083, 12/550,270, 12/240,805, 12/057, 
217, and 1 1/771,317 are hereby incorporated by reference. 

BACKGROUND 

0002 The present disclosure relates to lighting systems 
and methods for displacing energy consumption. The present 
disclosure also relates to natural lighting fixtures and utility 
management Systems. 

SUMMARY 

0003. According to an exemplary embodiment, a kit for 
displacing energy during peak daylight periods includes a 
plurality of light pipes and at least one sensor configured to 
measure the light provided to a building environment by at 
least one of the plurality of light pipes. The kit further 
includes a control system configured to receive the measure 
ment information from the at least one light sensor and to 
cause electric lighting fixtures in the building environment to 
turn off or dim when the light provided to the building envi 
ronment by the light pipes meets a minimum threshold; 
wherein the control system is further configured to calculate 
a payment to be received in exchange for turning off or 
dimming the electric lighting fixtures in the building environ 
ment. 

0004 Some embodiments of the present disclosure relate 
to systems and methods for financing the cost of energy 
efficient equipment (e.g., such as energy efficient lighting 
systems). The energy efficient equipment provides energy 
savings relative to older or less efficient equipment. This 
energy savings results in lower bills from the utility company. 
The energy saved (e.g., in terms of kilowatt-hours) may be 
referred to as negawatt hours (i.e., units of energy saved). 
Some exemplary systems and methods described herein can 
calculate the negawatt hours of energy saved over time by use 
of the energy efficient equipment rather than the older or less 
efficient equipment. The systems and methods can issue an 
invoice calculated by multiplying the negawatts hours (i.e., 
units of energy saved) for a period of time by a utility rate. 
Using such systems and methods, the new energy efficient 
equipment can be paid for using Such invoiced amounts. 
Therefore, the cost for the energy efficient equipment can be 
paid for entirely using savings obtained by use of the energy 
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efficient equipment. Such a model can create a situation 
where the decision to buy the energy efficient equipment is 
cost-free relative to using old or less efficient equipment. 
0005 For clarity, in many of the embodiments described 
herein, the energy efficient equipment is financed via nega 
watt hours multiplied by utility rate. It is important to note that 
the negawatt hours are not actual energy expended by the 
equipment, but represent energy saved by the equipment. The 
utility rate may be calculated by apportioning the cost of the 
equipment overa period of time. A series of invoiced amounts 
(e.g., calculated by negawatt hours new utility rate) results 
in full payment of the energy efficient equipment. Further, it 
is important to note that, in Some embodiments, the new 
utility rate is not the actual or current cost of energy, but rather 
is calculated by apportioning the return needed for repayment 
of the energy efficient equipment as a function of the energy 
savings provided by the energy efficient equipment. 
0006 Another embodiment of the invention relates to a 
system for displacing energy. The system includes energy 
efficient lighting technology for replacing old lighting tech 
nology in a building. The system further includes a computer 
system forestimating a power base load capacity relief result 
ing from replacing the old lighting technology with the 
energy efficient lighting technology. The computer system is 
configured to receive technology cost information including 
fixed and variable costs to install and maintain the energy 
efficient lighting technology. The computer system is config 
ured to calculate a return needed for repayment of the tech 
nology cost and is configured to determine a new utility rate 
by apportioning the return needed for repayment of the tech 
nology cost as a function of the estimated power base load 
capacity relief. The computer system is configured to gener 
ate a utility invoice for sending to a utility consumer associ 
ated with the building, the utility invoice comprising a pay 
ment amount for a power reduction over time at the new 
utility rate. The power reduction over time is provided by use 
of the energy efficient lighting technology. The new utility 
rate is not applied to actual energy use overtime and the utility 
invoice does not request payment for energy use over time. 
0007. The computer system may be configured to transmit 
the generated utility invoice to a utility consumer that owns or 
leases the building where the energy efficient lighting tech 
nology has been installed. The payment amount billed to the 
utility consumer via the utility invoice may be less than a cost 
savings attained by the utility consumer via the replacement 
of the old lighting technology with the energy efficient light 
ing technology. The computer system may be further config 
ured to communicate pollution credit information to a trading 
exchange for trading pollution credits. The system may fur 
ther include a metering device configured to meter energy 
usage associated with the old lighting technology and the 
energy efficient lighting technology. The computer may use 
metering information received from the metering device to 
estimate the power base load capacity relief. The payments 
made by the utility consumer for the power reduction over 
time at the new utility rate may be the only payment sources 
for the installation of the energy efficient lighting technology. 
0008. In an exemplary embodiment, the computer sys 
tem's apportioning of the return needed for repayment of the 
technology cost as a function of the estimated power base 
load capacity relief is completed by: (a) dividing the return 
needed for repayment of the technology cost by a unit of time 
to obtain a first value; (b) determining the power base load 
capacity relief associated with the unit of time to obtain a 
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second value; and (c) dividing the first value by the second 
value to obtain the new utility rate. 
0009. Another aspect of the invention relates to a system 
for completing a financial transaction with a second party. 
The system includes a light sensor mounted near a natural 
lighting fixture and configured to measure an amount of light 
provided from the natural lighting fixture to a building envi 
ronment. The system further includes processing electronics 
configured to receive information from the light sensor and to 
use the received information to determine when the amount of 
light provided from the natural lighting feature is sufficient to 
allow one or more electric lighting fixtures to be turned off. 
The processing electronics are further configured to cause the 
one or more electric lighting fixtures to turn offin response to 
the determination. The processing electronics are further con 
figured to calculate the energy saved from turning the one or 
more lighting fixtures off. The system further includes a com 
munications interface configured to transmit the results of the 
calculation of energy saved from the processing electronics to 
the second party for completing a sales transaction. 
0010. Another aspect of the invention relates to a comput 
erized method for displacing energy to a second party. The 
method includes receiving information from a light sensor 
configured to measure an amount of light provided from the 
natural lighting feature to a building environment. The 
method further includes providing the received information 
to processing electronics configured to use the received infor 
mation to determine when the amount of light provided from 
the natural lighting feature is sufficient to allow one or more 
electric lighting fixtures to be at least partially turned off or 
dimmed. The method yet further includes using the process 
ing electronics to cause the one or more electric lighting 
fixtures to turn off in response to a determination that the 
amount of light provided from the natural lighting feature is 
sufficient to allow one or more electric lighting fixtures to be 
at least partially turned off or dimmed. The method also 
includes using the processing electronics to calculate the 
energy saved from turning off or dimming the one or more 
electric lighting fixtures. The method also includes commu 
nicating results of the calculation of energy saved from the 
processing electronics to the second party for completing a 
financial transaction. The natural lighting feature may be a 
light pipe for mounting to the building environment and con 
figured to provide light to the interior space. 
0011 Yet another aspect of the invention relates to com 
puter-readable media with computer-executable instructions 
embodied thereon that when executed by a computing system 
perform a method for reducing energy usage. The media 
includes instructions for receiving information from a light 
sensor mounted near a natural lighting feature and configured 
to measure an amount of light provided from the natural 
lighting feature to a building environment. The media further 
includes instructions for using the received information to 
determine when the amount of light provided from the natural 
lighting feature is sufficient to allow one or more electric 
lighting fixtures to be turned off or dimmed. The media yet 
further includes instructions for causing the one or more 
electric lighting fixtures to turn off or dim in response to a 
determination that the amount of light provided from the 
natural lighting feature is sufficient to allow one or more 
electric lighting fixtures to be turned off or dimmed. The 
media also includes instructions for calculating the energy 
saved from turning off or dimming the one or more electric 
lighting fixtures. The media yet further includes instructions 
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for communicating results of the calculation of energy saved 
from the processing electronics to a second party for com 
pleting a transaction. 
0012 Another aspect of the invention relates to a utility 
financial model which includes setting a new utility rate after 
the introduction of a new utility technology that provides 
immediate capacity relief and reduces the base load capacity 
and the peak load capacity to electric power providers. The 
new utility rate is not based solely on performance of the new 
utility technology but rather based on fixed and variable costs 
to introduce the new utility technology. 
0013 Another aspect relates to a method for financing 
installation of a new utility technology after installation of the 
new utility technology. The method includes obtaining power 
reduction information resulting from change from a first tech 
nology to a second technology, receiving technology cost 
information including fixed and variable costs to install and 
maintain the second technology, and calculating a new utility 
rate for use of the second technology and to repay technology 
costs associated with the second technology, the new utility 
rate comprising an accounting for received technology cost 
information of the second technology and power reduction 
information. 
0014. Yet another aspect relates to a system for financing 
installation of a new utility technology where up front pay 
ments are avoided or reduced. The system includes a metering 
device measuring capacity relief resulting from change from 
a first technology to a second technology and a processor with 
programmed instructions for determining aggregate dis 
placed capacity from use of the second technology and a new 
utility rate based on costs associated with the change to the 
second technology and power reduction. 
00.15 Yet still another aspect relates to a system for pro 
viding power at a reduced cost. The system includes a utility 
meter coupled to new technology which measures utility 
usage on an absolute and real-time basis, a processor coupled 
to the utility meter which receives measurements of utility 
usage from the utility meter and calculates a new utility rate 
based on utility usage and technology costs, and a communi 
cations interface which communicates information needed to 
provide a utility invoice based on the new utility rate. 
0016. Another embodiment of the invention relates to a 
method for financing installation of a new utility technology 
by a utility consumer after installation of the new utility 
technology at a facility associated with the utility consumer. 
The method includes obtaining, at a metering device, power 
usage information associated with operation of a second tech 
nology. The method also includes calculating, at a processor 
and based on the power usage information obtained from the 
metering device, a power base load capacity relief of an 
electrical system to a utility provider resulting from a change 
from a first technology to the second technology. The method 
also includes receiving, at the processor, a technology cost 
including fixed and variable costs to install and maintain the 
second technology. The method yet further includes deter 
mining, at the processor, a new utility rate by apportioning the 
return needed for repayment of the technology cost as a 
function of the power base load capacity relief. The method 
also includes calculating and providing a utility invoice to the 
utility consumer for a power reduction over time at the new 
utility rate, the power reduction over time provided by use of 
the second technology. The amount billed to the utility con 
Sumer via the utility invoice may be less than a cost savings 
attained by the utility consumer via the power base load 
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capacity relief such that the amount billed to the utility con 
Sumer is financed via a portion of the cost savings. 
0017. These and other features, aspects and advantages of 
the present invention will become apparent from the follow 
ing description, appended claims, and the accompanying 
exemplary embodiments shown in the drawings, which are 
briefly described below. 

BRIEF DESCRIPTION OF THE FIGURES 

0018. The disclosure will become more fully understood 
from the following detailed description, taken in conjunction 
with the accompanying figures, wherein like reference 
numerals refer to like elements, in which: 
0019 FIG. 1A is a diagram illustrating a system for 
financing installation of a new utility technology, according 
to an exemplary embodiment; 
0020 FIG. 1B is a flow chart illustrating a method for 
financing installation of a new utility technology (e.g., using 
the system of FIG. 1A), according with an exemplary 
embodiment; 
0021 FIG. 1C is an illustration of a simplified invoice 
calculated and provided from a technology provider to a 
utility consumer, according to an exemplary embodiment; 
0022 FIG. 2 is a flow chart of a process for use with the 
systems described herein, according to an exemplary embodi 
ment, 
0023 FIG. 3A is a block diagram of a system for displac 
ing energy, according to an exemplary embodiment; 
0024 FIG. 3B is a flow chart of a process for selling 
displaced energy, according to an exemplary embodiment; 
and 
0025 FIG. 4 is a flow chart of a process for generation of 
a utility invoice by a utility company, according to an exem 
plary embodiment. 

DETAILED DESCRIPTION 

0026 Exemplary embodiments will be described below 
with reference to the accompanying drawings. It should be 
understood that the following description is intended to 
describe exemplary embodiments of the disclosure, and not to 
limit the disclosure. 
0027 FIG. 1A illustrates an exemplary system for facili 
tating (e.g., financing) installation of a new technology (e.g., 
lighting technology) by a utility consumer. The system is 
shown to includeautility consumer 102. The utility consumer 
102 can be a manufacturing facility, a commercial facility, an 
educational facility, a group of buildings, a single building, a 
single tenant location within a larger facility or building, or 
any other type of utility consumer that utilizes energy-con 
Suming lighting technology. 
0028 New lighting technology 104 is installed at a facility 
owned by utility consumer 102. The new lighting technology 
104 replaces old lighting technology 106 (e.g., traditional 
industrial/commercial light fixtures) within the facility of 
utility consumer 102. New lighting technology 104 can be 
new, more efficient lighting fixtures; new non-utility light 
providers (e.g., Sunlight); or a combination of utility-based 
and non-utility based lighting. An exemplary impact might be 
a 50% reduction in base loadenergy use and a greater quantity 
of higher quality light. Moreover, with additional controls, 
the technology may provide an additional 25-50% in instan 
taneous peak load capacity relief. 
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0029. In addition to the installation of new lighting tech 
nology 104, a metering device 108 is installed at the utility 
consumer's facility. Metering device 108 can aggregate 
energy consumed by a utility consumer by metering power 
received from the utility company 110. Metering device 108 
can provide meter data to a technology provider 112. The 
meter data may be transferred from the metering device 108 
to the technology provider 112 via one or more networks, 
communications interfaces, computer systems, wireless 
links, or wired links. 
0030. In the embodiment illustrated in FIG. 1A, the utility 
consumer 102 continues to be invoiced by the utility company 
110 for actual power consumption over time. Utility con 
Sumer 102 pays the invoices. In an exemplary embodiment, 
therefore, the relationship between the utility consumer 102 
and the utility company 110 does not change (other than 
utility consumer 102's bills being smaller due to the move 
from old lighting technology 106 to new lighting technology 
104). 
0031. Installation of new lighting technology 104 can be 
paid for utilizing a payment system where one or more pay 
ments made by the consumer 102 to the technology provider 
112 are tied to units of energy reduction achieved by the 
utility consumer 102's switch from the old lighting technol 
ogy 106 to the new lighting technology 104. To achieve this 
arrangement, the technology provider 112 has a computer 
system including a communications interface 114 that 
receives the meter data transmitted from the metering device 
108. A processing circuit 116 of the technology provider 
112's computer system processes the meter data to calculate 
a utility invoice that is provided to the utility consumer 102. 
The utility invoice includes an invoiced dollar amount tied to 
a power reduction over time achieved by the switch from the 
old lighting technology 106 to the new lighting technology 
104. The power reduction over time is multiplied by a new 
utility rate calculated by processing circuit 116. The new 
utility rate is obtained by apportioning the return needed for 
repayment of the technology cost as a function of the power 
base load capacity relief provided by the new lighting tech 
nology. The utility consumer 102 pays the utility invoice 
received from the technology provider 112 as well as the 
regular invoice received from the utility company 110. In an 
exemplary embodiment, the amount billed to the utility con 
Sumer 102 via the utility invoice from the technology provider 
112 is less than a cost savings attained by the utility consumer 
102 via the power base load capacity relief provided by the 
switch from the old lighting technology 106 to the new light 
ing technology 104. The utility consumer 102 can then view 
the amount paid to the technology provider 112 as being 
financed by at least a portion of the cost savings attained by 
switching from the old lighting technology 106 to the new 
lighting technology 104. 
0032. Processing circuit 116 is shown to include processor 
118 and memory 120. Processor 118 can be implemented as 
a general purpose processor, an application specific inte 
grated circuit (ASIC), one or more field programmable gate 
arrays (FPGAs), a group of processing components, or other 
Suitable electronic processing components. Memory 120 is 
one or more devices (e.g., RAM, ROM, flash memory, hard 
disk storage, etc.) for storing data and/or computer code for 
completing and/or facilitating the various processes or steps 
described in the present disclosure. Memory 120 may be or 
include volatile memory or non-volatile memory. Memory 
120 may include database components, object code compo 
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nents, Script components, or any other type of information 
structure for Supporting the various activities and information 
structures described in the present disclosure. According to an 
exemplary embodiment, memory 120 is communicably con 
nected to processor 118 via processing circuit 116 and 
includes computer code for executing (e.g., by processing 
circuit 116 and/or processor 118) one or more processes 
described herein. 
0033 Memory 120 is shown to include baseline informa 
tion 122. Baseline information 122 can be a computer equa 
tion or multiplier for describing the energy utilization of old 
lighting technology 106. For example, baseline information 
122 may be a statement Such as: old lighting system 106 
operates at about 100 kWh per hour of use. Depending on the 
particular utility consumer (e.g., how many different lighting 
Zones the consumer has in operation), baseline information 
122 can be more granular (e.g., take into account many more 
variables beyond raw hours of use). 
0034 Metering database 124 stores meter data received 
from metering device 108. In other words, metering database 
124 stores power usage information associated with opera 
tion of new lighting technology 104. 
0035 Memory 120 further includes a power base load 
capacity relief calculator 126. Power base load capacity relief 
calculator 126 is configured to use the baseline information 
122 and the metering database 124 to calculate a power base 
load capacity relief of an electrical system to a utility provider 
110 resulting from a change from the old lighting technology 
106 to the new lighting technology 104. 
0036 Memory 120 is further shown to include technology 
cost information 128. Technology cost information 128 can 
include fixed and variable costs for installing and maintaining 
the new lighting technology 104. Fixed costs can include 
equipment costs and installation fees. Variable costs can 
include maintenance fees. 
0037 Memory 120 also includes return requirement cal 
culation module 130. Return requirement calculation module 
130 is configured to calculate a return needed for repayment 
of the technology cost associated with the new lighting tech 
nology 104. 
0038 Memory 120 also includes new utility rate calcula 
tion module 132. New utility rate calculation module 132 
calculates a new utility rate that apportions the return needed 
for repayment of the technology cost as a function of the 
power base load capacity relief. 
0039 Memory 120 further includes a utility invoice gen 
eration module 134. Utility invoice generation module 134 
calculates a utility invoice for providing to utility consumer 
102. The utility invoice is for a power reduction over time 
attained by use of the new lighting technology 104 rather than 
the old lighting technology 106. The amount on the utility 
invoice is equal to the power reduction over time at the new 
utility rate calculated by new utility rate calculation module 
132. In an exemplary embodiment, the amount billed to the 
utility consumer 102 via the utility invoice from the technol 
ogy provider 116 is less than a cost savings attained by the 
utility consumer 102 via the power base load capacity relief 
such that the amount billed to the utility consumer is financed 
via a portion of the cost savings (e.g., provided by lower 
utility bills from utility company 110). 
0040. Installation of new lighting technology 102 can be 
paid for utilizing a reduced unit-based payment scheme 
where one or more payments are made by the utility consumer 
102. Payments are tied to units of utility reduction rather than 
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time. As such, in some embodiments, the financial model 
provided by technology provider 116 is not a lease of equip 
ment. In such embodiments, the payments (calculated using 
the new utility rate) from the utility consumer to the technol 
ogy provider 116 can be viewed as purchase of use or 
throughput provided by increased efficiencies from new 
lighting technology 102. The payments can be over time or in 
one lump Sum. 
0041 FIG. 1B illustrates a process 150 for financing 
installation of a new utility technology (e.g., using the system 
of FIG. 1A), accordance with an exemplary embodiment. 
Process 150 is shown to include, at step 151, obtaining, at a 
metering device (e.g., metering device 108 shown in FIG. 
1A), power usage information associated with operation of a 
new lighting technology (e.g., new lighting technology 104). 
Process 150 further includes calculating, at a processor (e.g., 
processing circuit 119 and/or processor 118) and based on the 
power usage information obtained from the metering device, 
a power base load capacity relief of an electrical system to a 
utility provider resulting from change from the old lighting 
technology to the new lighting technology (step 152). Process 
150 also includes receiving, at the processor, a technology 
cost including fixed and variable costs to install and maintain 
the new lighting technology (step 153). 
0042. Referring still to FIGS. 1A and 1B, process 150 yet 
further includes calculating, at the processor, a return needed 
for repayment of the technology cost (step 154). Process 150 
also includes determining, by the processor, a new utility rate 
by apportioning the return needed for repayment of the tech 
nology cost as a function of the power base load capacity 
relief (step 155). Process 150 further includes calculating and 
providing a utility invoice to the utility consumer (e.g., to 
utility consumer 102 from technology provider 116) for a 
power reduction over time at the new utility rate, the power 
reduction over time provided by use of the new lighting 
technology (step 156). 
0043 FIG. 1C illustrates an exemplary utility invoice cal 
culated and provided in step 156. That is, FIG. 1C illustrates 
one example of a utility invoice calculated and provided from 
technology provider 116 to utility consumer 102. The 
invoiced payment amount in the example is $21,641.08. Sig 
nificantly, this payment amount is not a multiplication of an 
energy rate by energy usage. In other words, although usage 
was 1,043,332 kWh, this amount is billed by the utility com 
pany 110 at the utility's rate(s) for usage. The invoice shown 
in FIG. 1C, on the other hand, includes a payment amount that 
results from the multiplication of the kWh reduced by the 
“Virtual Power Plant Rate' (which corresponds to the new 
utility rate discussed with reference to FIGS. 1A and 1B). In 
other words, the Virtual Power Plant Rate is calculated by 
apportioning the return needed for repayment of the technol 
ogy costas a function of the base load capacity relief provided 
by the new lighting technology. Therefore, in the example of 
FIG. 1C, the Virtual Power Plant Rate of $0.02 per kWh is 
multiplied by the kWh reduced of 1,082,054 kWh to obtain 
the invoiced payment of $21,641.08. As shown, the kWh. 
Reduced is obtained by subtracting the actual kWh of 1,043, 
332 kWh (metered energy use associated with the new light 
ing technology) from 2,125.386 kWh (an original monthly 
baseline usage associated with the old lighting technology). 
0044 As described above, the new utility rate (i.e., the 
Virtual Power Plant Rate) is calculated by apportioning the 
return needed for repayment of the technology cost as a 
function of the base load capacity relief. With reference to 
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FIG.1C, an example of such a calculation could be as follows: 
If the technology cost (fixed plus variable) for new lighting 
equipment is S1,000,000 and the return needed for repayment 
of the technology cost over a five year period is S1,200,000, 
then this S1.2 million, or $240,000 per year, will be appor 
tioned by the power base load capacity relief. If 12,000,000 
kWh in power base load capacity relief is expected over the 
course of a year, the new utility rate can be calculated as 
$240,000 (for the year) over 12,000,000 kWh, resulting in 
S0.02 per kWh reduction. When actual monthly reductions 
are calculated (e.g., the 1,082,054 kWh reduction of FIG. 
1C), it is multiplied by the new utility rate (e.g., the S0.02 per 
kWh shown in FIG. 1C) to result in the monthly total energy 
charge (e.g., S21,641.08 as shown in FIG. 1C). Accordingly, 
the new utility rate can be calculated using the following 
formula: 

New Utility Rate=(Return Needed for Repayment of 
Technology Cost)f(Number of Years for Repayment) 
(Expected Power Base Load Capacity Relief for a 
Year) 

The invoice payment is then calculated: 
Energy Charge=Actual kWh Reduced for a Period of 
Time'“New Utility Rate 

It should be noted that return needed for repayment of the 
technology cost may include a financing charge, profit mar 
gin, or other payment to account for the financing of the 
technology cost by the technology provider. It should also be 
noted that the new utility rate and/or invoice periods may be 
longer or shorter than years and months. 
004.5 FIG. 2 illustrates a flow chart of a process 200 for 
use with the systems described herein. Additional, fewer, or 
different operations may be performed depending on the par 
ticular implementation. In step 210, traditional light fixtures 
in a facility are replaced on a one for one basis with new more 
efficient fixtures. As such, each lighting fixture is replaced by 
another light fixture, rather than two light fixtures being 
replaced by one light fixture. In alternative embodiments, a 
certain number of existing lights are replaced by one new 
light fixture. In yet another embodiment, natural lighting 
features (e.g., Sunlight) are utilized in conjunction with new 
utility-based features as further described herein (e.g., the 
system of FIG. 3A). In step 220, a utility meter is installed at 
the facility to verify the relief in utility capacity resulting from 
the installation of the new fixtures. Preferably, the metering is 
done using a utility-grade meter. Metering devices can also 
include communication components to communicate utility 
information to a remote location. In step 230, aggregate dis 
placed capacity is determined based on information about the 
facility where new fixtures are installed and the amount of 
utility capacity relief. The aggregate displaced capacity can 
provide data necessary to determine pollution allowances or 
credits earned and financial savings for the facility. In step 
240, blocks of displaced energy generation are sold. For 
example, displaced energy can be sold on a market or to the 
original utility company. 
0046. In an alternative embodiment, the utility consumer 
makes a one time cash payment based on a calculation involv 
ing the reduced kWh. Payments for the new technology 
installation are tied to units and not to time. 

0047 Advantageously, implementation of a new technol 
ogy using the exemplary systems described herein reduces or 
eliminates technological and financial risk for the consumer. 
Further, the consumer is assured positive cash flow and is 
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provided the measurement capabilities required for emission 
credits. Such emissions credits can be sold in the open market 
or on an exchange like the Chicago Climate Exchange, Inc. 
Verification steps can also be facilitated by the systems 
described herein. For example, a measurement and Verifica 
tion process can be used to Verify that the new lighting tech 
nology saved the consumer energy as predicted or estimated. 
0048 Referring now to FIG.3A, a lighting system 300 for 
displacing energy during peak daylight periods is shown, 
according to an exemplary embodiment. Lighting system 300 
is intended for installation in a building environment (e.g., 
office building, warehouse, manufacturing facility, gymna 
sium, etc.). A light pipe 302 is shown as installed on and in a 
building ceiling 301. Light pipe 302 is configured to provide 
outdoor light to the building's interior environment. Light 
pipe 302 (in its most basic form) is shown to include a reflec 
tive tube 303, a diffuser 304, and a light collection system 
305. Light collection system 305 is configured to direct natu 
ral light into the reflective tube and toward diffuser 304 
mounted opposite to light collection system 305. Diffuser304 
may include a concave Surface facing the interior of the build 
ing environment. It should be noted that the building environ 
ment may include a plurality of light pipes 302. Further 
description of various exemplary embodiments of the light 
pipes may be found in U.S. application Ser. No. 12/559,240, 
which is incorporated by reference in its entirety. 
0049. As shown in FIG.3A, light pipe 302 is coupled to a 
sensor 306. Sensor 306 is configured to measure the light 
provided to the building environment by light pipe 302. Sen 
Sor 306 may be an optical sensor, a photoresistor, a photocon 
ductor, a photodiode, a phototransistor, a charge-coupled 
imaging device, or any other Suitable device or electronics for 
measuring light. Sensor 306 may be coupled to a bottom edge 
of light pipe 302, held under light pipe 302 via a bracket or 
arm 307 that is not coupled to a structure of the light pipe, or 
otherwise held in place to measure the light provided by the 
light pipe. In an alternative embodiment sensor 306 is held 
inside or above the light pipe and configured to detect the 
amount of light available to the light pipe. In yet other 
embodiments sensor 306 is placed or configured to indicate a 
light level in a building's area of interest. A plurality of light 
pipes 302 may be installed within a single building environ 
ment for providing light to the building environment. Further, 
the light pipe and sensor pair shown in FIG. 3A may be 
repeated many times over within a single building environ 
ment. In other embodiments a plurality of light pipes will be 
provided without a sensor and the light provided by the plu 
rality of light pipes will be estimated using another sensor or 
another sensor-and-light pipe pair. 
0050 Lighting system 300 is further shown to include an 
electric lighting fixture 308 which may be a high intensity 
fluorescent (HIF) lighting fixture. In the embodiment shown 
in FIG.3A, lighting fixture 308 includes or is closely coupled 
to a local controller 310. Local controller 310 may include a 
wireless (e.g., RF) or wired communications interface that 
may be configured to receive information (e.g., representative 
of the amount of light provided by the light pipe) from sensor 
306. Once the information from sensor 306 is received local 
controller 310 may be configured to process the information 
using local processing electronics or may forward the infor 
mation to another device for processing. In FIG. 3A, local 
controller 310 is shown in communication with master con 
troller 312. Master controller 312 is shown to include a first 
communications interface 314, a second communications 
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interface 316, and processing electronics 318. First commu 
nications interface 314 is configured to receive information 
from local controller 310 including, for example, a represen 
tation of light levels detected by sensor 306. In an exemplary 
embodiment processing electronics 318 are configured to use 
the received information to determine when the amount of 
light provided from the natural lighting feature (e.g., light 
pipe 302) is sufficient to allow one or more electric lighting 
fixtures (e.g., lighting fixture 308) to be turned off. In 
response to a determination that the amount of light provided 
by light pipe 302 is sufficient, processing electronics 318 may 
be configured to cause lighting fixture 308 to turn off. Pro 
cessing electronics 318 may further be configured to calculate 
the energy saved by turning the one or more electric lighting 
fixtures off (or otherwise reducing light and energy output of 
the electric lighting fixture). Second communications inter 
face 316 is configured to communicate with other parties such 
as (but not limited to) a utility company 320, a buyer of 
pollution credits 322, and a trading exchange 324. Processing 
electronics 318 may be configured to cause communications 
interface 316 to communicate the results of the calculation of 
energy saved to a second party (e.g., utility company 320, 
buyer 322, trading exchange 324, etc.) for, e.g., completing a 
transaction. 

0051. In an embodiment where local controller 310 is 
configured to locally process the received information, pro 
cessing electronics of local controller 310 may complete the 
same determinations, control activities, calculations, and 
communications as described with reference to processing 
electronics 318. In various exemplary embodiments, either 
processing electronics 318 or local controller 310 may be 
configured to turn off less than an entire lighting fixture in 
response to a determination that the light provided by the light 
pipe is sufficient. For example, local controller 310 may be 
configured to turn off half or one fourth of the fluorescent 
bulbs or lamps 330,331,332,333 of fixture 308 by providing 
appropriate power Switching and/or control signals to ballasts 
334,335. In other embodiments local controller 310, ballasts 
334, 335, or another device associated with lighting fixture 
308 may be configured to controllably and incrementally dim 
(e.g., by step-dimming ballasts, etc.) one or more of bulbs 
330, 331, 332,333 to achieve energy savings in response to a 
determination that lighting levels (e.g., provided by one or 
more light pipes) are sufficient. In other exemplary embodi 
ments a plurality of lighting fixtures 308 may be distributed 
into multiple Zones and a reduction of energy may be 
achieved by controllably turning off or dimming some of the 
lighting fixtures within a Zone—but not others. In yet other 
exemplary embodiments a first Zone or other grouping of 
lighting fixtures may be turned off or reduced in response to 
a first brightness threshold. As the light provided by one or 
more light pipes increases, another Zone or grouping of light 
ing fixtures may be turned off or otherwise reduced. Zone 
based control is described in U.S. application Ser. No. 12/550, 
270, the entirety of which is incorporated by reference. 
0052 Referring still to FIG. 3A, processing electronics 
318 may include one or more processing circuits, processors, 
and memory. The processor may be a general purpose pro 
cessor or a specific purpose processor. The memory may be or 
include non-volatile memory or volatile memory. The 
memory may be configured to store computer code (e.g., 
executable code, object code, Script code, Source code, etc.) 
for execution by the processor. The computer code stored in 
the memory may cause a control system (e.g., including mas 
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ter controller 312 generally and processing electronics 318 
more particularly) to complete the activities described herein. 
For example, the memory may store computer code for com 
pleting the determining or communication triggering steps 
described below with respect to FIG. 3B when the computer 
code is executed by a processor of processing electronics 318. 
Processing electronics 318 may be considered configured for 
the activities described herein when memory of the process 
ing electronics includes computer code for causing the 
completion of said activities. 
0053 Referring now to FIG.3B, a process 350 for selling 
displaced energy is shown, according to an exemplary 
embodiment. Process 350 is shown to include measuring, at a 
light sensor, an amount of light provided from a natural light 
ing feature (e.g., one or more light pipes) to a building envi 
ronment (step 351). The measurement may occur entirely by 
the light sensor (e.g., sensor 306 shown in FIG. 3A) or be 
completed in conjunction with other circuitry or electronics. 
According to varying exemplary embodiments, the measure 
ment may include steps beyond converting a received amount 
of light into an electrical output signal. For example, the 
measurement may include any number of normalization or 
conversion steps to convert the signal from the sensor to, for 
example, a measure of luminescence, a percentage of one 
hundred, or otherwise. Process 350 further includes receiving 
information from the light sensor and providing the informa 
tion to processing electronics (step 352). The information 
may be received from the light sensor by a wireless trans 
ceiver associated with processing electronics, by a wired 
interface, or by another circuit associated with the processing 
electronics. Process 350 yet further includes using the pro 
cessing electronics to determine whether the amount of light 
provided from the natural lighting feature is sufficient to 
allow one or more electric lighting fixtures to be turned off, 
dimmed, or output otherwise reduced (step 353). Step 353 
may include one or more thresholding, comparison, or other 
processing steps. In an exemplary embodiment, for example, 
a threshold level at which the amount of light provided from 
the natural lighting feature may be set by a user (e.g., via an 
input interface), by industry standards for the building envi 
ronment, or otherwise. 
0054 Referring still to FIG.3B, process 350 also includes 
causing one or more electric lighting fixtures to turn off in 
response to a determination that the amount of light provided 
from the natural lighting feature is sufficient to allow one or 
more electric lighting fixtures to be reduced or turned off (step 
354). In various exemplary embodiments other variables or 
information may also be taken into account by the processing 
electronics to determine whether to make the “off” switch. 
For example, the processing electronics of the controller may 
be configured to estimate a potential energy reduction via the 
“off switch and natural light replacement (a conceptual 
model is illustrated in FIG. 3A)—and may further be config 
ured to offer the reduction to one or more parties (e.g., parties 
320-324) prior to making the “off switch. Accordingly, it 
should be noted that step 355 (calculating the energy saved 
from turning the one or more electric lighting fixtures off) 
may be completed prior to actually causing any lighting fix 
tures to turn off (step 354). Process 350 further includes 
communicating the results of the calculation of energy saved 
to a second party for completing a transaction (step 356). As 
illustrated in FIG. 3A, the transaction may take a variety of 
differentforms. In one embodiment, for example, utility com 
pany 320 may be provided with units (e.g., fractions of a unit, 
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watts, watts per hour, etc.) of energy reduction. As explained 
above, this energy reduction may be modeled or treated as 
added capacity by a utility company. Therefore, a large build 
ing environment having many lighting fixtures (e.g., fixture 
308) may be able to serve as a “virtual power plant' for the 
utility and the owner of the building environment (or of the 
lighting system for the building) may be compensated 
according to the above-described financial models. For 
example, master controller 312 may be configured to com 
municate with a technology provider 325 regarding the 
energy reductions achieved via system 300. In exchange for 
energy reductions and the associated utility cost savings, the 
building operator may provide technology provider 325 with 
payments for energy saved in exchange for a reduction of an 
amount owed by the building operation to technology pro 
vider 325. In an exemplary embodiment the information com 
municated from controller 312 to technology provider 325 is 
not actual payment information but rather a notification mes 
sage regarding the energy saved (for the day, for the month, 
etc.). In such an embodiment technology provider 325 may 
invoice the building owner based on the received notification 
messages—also informing the building owner of the amount 
still owed on the new technology. Referring to buyer 322, the 
energy reduction may be sold to a third party buyer as pollu 
tion credits (e.g., carbon credits) in exchange for the market 
value of those pollution credits. Similarly, pollution credits or 
other energy credits may be traded or exchanged via a trading 
system or trading exchange 324. 
0055 Utility company 320, buyer of pollution credits 322. 
trading exchange 324, and technology provider 325 may each 
include one or more computer systems configured to facilitate 
the data communications described herein. For example, util 
ity company 320 may include a utility finance computer con 
figured to calculate the new rates for a party based on an 
energy reduction achieved using the lighting system of FIG. 
3A. These new rates may be communicated to the system of 
FIG. 3A via data messages, via an electronic invoice, via a 
paper invoice, or otherwise. In other exemplary embodiments 
the utility finance computer provides the system of FIG. 3A 
with a total aggregate savings value (e.g., total dollars saved 
for a day, total dollars saved for a month, etc.) rather than new 
rate information. 

0056. The power base load capacity relief (i.e., electrical 
relief) provided by energy saving retrofitting has advantages 
for utility companies (e.g., power companies) as well as con 
Sumers of energy. A component of the current energy policy 
debate has focused on developing enough system capacity to 
efficiently, safely, and reliably meet a nation's escalating 
demand for electricity. The concept of providing a virtual 
power plant via energy saving installations and retrofitting 
can develop capacity for meeting Such demands. 
0057. One method for financing the installations and ret 
rofitting can include the utility (e.g., power company) invest 
ing in customer-side (e.g., end-user facility) investments. The 
utility would then be allowed to bill the consumer for a power 
reduction over time at a new utility rate (calculated by appor 
tioning the return needed for repayment of the technology 
cost as a function of the estimated power base load capacity 
relief), where the power reduction over time is provided by 
the consumer's use of the energy efficient technology. 
0058 When multiple energy saving and direct-use renew 
able technologies are aggregated at an end-user's site (e.g., 
the point of use), the resulting ongoing energy reduction may 
be described as a Permanent Distributed Load Reduction 
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(PDLR). Additionally, Such energy saving measures may pro 
vide the utility with a significant increase in instantaneous or 
peak load capacity. 
0059 FIG. 4 illustrates a process 400 for completion by a 

utility company (e.g., by a utility company's singular or dis 
tributed computer system). Process 400 is shown to include, 
from a utility or financing entity of a utility, funding end-user 
energy efficiency improvements (step 402). The improve 
ments are funded in exchange for an agreement of the end 
user to pay for the energy savings over time. Process 400 
further includes estimating an energy savings (i.e., the power 
base load capacity relief) resulting from replacing the old 
technology with the energy efficient technology (step 404). 
Before or after the energy efficient installation/retrofit is com 
plete, the utility calculates a return needed for repayment of 
the energy efficient technology cost (step 406). Process 400 
further includes determining a new utility rate by apportion 
ing the return needed for repayment of the technology cost as 
a function of the estimated base power load capacity relief 
(step 408). The utility can then generate a utility invoice for 
sending to a utility consumer (step 410). The utility invoice 
can include a payment amount for a power reduction over 
time (e.g., during that billing period) at the new utility rate. 
0060. Because the utility company may also be providing 
electricity at an electricity rate to the end-user, it is important 
to note that the utility invoice can include two components: a 
first payment amount based on electricity usage 
(usage electricity rate) plus a second payment amount based 
on energy savings (a power reduction over time a new utility 
rate based on the return needed to repay the technology cost). 
The first payment amount is different than the second pay 
ment amount. Said another way, the first payment amount is 
for electrical energy use and the second payment amount is 
for electrical energy savings. 
0061 Providing and funding a “virtual power plant’ as 
described in, e.g., FIG. 4 can have a number of advantages for 
a power utility relative to building a new coal plant or other 
traditional energy source. If traditional power utility plants 
are built by the utility, significant investment is required. 
However, ifload does not grow Such that the additional capac 
ity is needed, then the significant investment is not recovered. 
Further, the very addition of the additional traditional capac 
ity and its added expense to utility bills could be a reason for 
slowed demand. By providing a virtual power plant via 
energy savings, a utility can regain capacity, allowing the 
utility to stay competitive and meet demand without conduct 
ing a significant capital and ongoing outlay for a new plant. 
0062 Yet other advantages are associated with the virtual 
power plant approach to base load relief and peaking relief. 
For example, due to the distributed nature of the virtual power 
plant (making energy efficient installations and retrofits), 
very little regulatory lead-time may be necessary. This allows 
for real-time, direct benefits. One of these benefits may be 
environmental improvement. A reduction in energy use is 
significantly cleaner than the construction and use of a new 
power plant. Further, virtual power plants are not associated 
with transmission expenditures, significant operating costs, 
infrastructure upgrade costs, transmission losses, distribution 
losses, or other losses typically associated with the business 
of generating and distributing more electricity. 
0063 Entities other than utilities and end-users can 
finance virtual power plants. For example, a government 
entity could finance virtual power plants rather than new 
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traditional power plants. The government entity could obtain 
a return on its investment by using the method outlined, e.g., 
in FIG. 4. 

0064. It should be noted that a single building, campus, or 
entity may have a plurality of electric lighting fixtures or 
natural lighting features (e.g., light pipes) and/or that a plu 
rality of light sensors may be distributed in the building 
environment. The processing electronics of the system may 
be configured to aggregate information received from the 
plurality of light sensors in the building environment and to 
use the aggregated information to determine how many or 
which of a plurality of electric lighting fixtures to turn off 
while maintaining target lighting levels in the building envi 
rOnment. 

0065. Yet further, it should be noted that the processing 
electronics described herein may be combined into a single 
device or distributed into more devices and still be considered 
“processing electronics' of the present disclosure. For 
example, as shown in FIG. 3A, the processing electronics 
may be distributed among a local controller for the electric 
lights in the building environment and a master controller for 
controlling the plurality of electric lights and/or their respec 
tive controllers. In an exemplary embodiment the system of 
the present disclosure includes many electric lighting fixtures 
that are jointly controlled by one or a system of controllers. 
The reduced energy calculations of the present disclosure, in 
Such an embodiment, may be based off an aggregate dis 
placed energy capacity provided by turning the many lights 
off or a portion of the many lights off. In one embodiment the 
aggregate displaced energy may be calculated using a meter 
at a power inlet for a building. In another embodiment the 
displaced energy is calculated at the controller or controllers 
for the plurality of electric lighting fixtures. 
0066. The methods described herein may be computer 
implemented methods and may be executed by one or more 
computer systems or electronic systems as described herein. 
Instructions for causing the computer systems to complete the 
activities of the above-described methods may be embodied 
on computer-readable media such as a CDROM, flash drive, 
or otherwise. All such embodiments of the invention are 
within the scope of the present disclosure. 
0067. The construction and arrangement of the systems 
and methods as shown in the various exemplary embodiments 
are illustrative only. Although only a few embodiments have 
been described in detail in this disclosure, many modifica 
tions are possible (e.g., variations in sizes, dimensions, struc 
tures, shapes and proportions of the various elements, values 
of parameters, mounting arrangements, use of materials, col 
ors, orientations, etc.). For example, the position of elements 
may be reversed or otherwise varied and the nature or number 
of discrete elements or positions may be altered or varied. 
Accordingly, all Such modifications are intended to be 
included within the scope of the present disclosure. The order 
or sequence of any process or method steps may be varied or 
re-sequenced according to alternative embodiments. Other 
Substitutions, modifications, changes, and omissions may be 
made in the design, operating conditions and arrangement of 
the exemplary embodiments without departing from the 
scope of the present disclosure. The word “exemplary' is 
used herein to mean serving as an example, instance, or 
illustration. Any aspect or design described herein as “exem 
plary” is not necessarily to be construed as preferred or 
advantageous over other aspects or designs. Further, for the 
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purposes of this disclosure and unless otherwise specified, 
a' or “an means “one or more. 
0068. The present disclosure contemplates methods, sys 
tems and program products on any machine-readable media 
for accomplishing various operations. The embodiments of 
the present disclosure may be implemented using existing 
computer processors, or by a special purpose computer pro 
cessor for an appropriate system, incorporated for this or 
another purpose, or by a hardwired system. Embodiments 
within the scope of the present disclosure include program 
products comprising machine-readable media for carrying or 
having machine-executable instructions or data structures 
stored thereon. Such machine-readable media can be any 
available media that can be accessed by a general purpose or 
special purpose computer or other machine with a processor. 
By way of example, Such machine-readable media can com 
prise RAM, ROM, EPROM, EEPROM, CD-ROM or other 
optical disk storage, magnetic disk storage or other magnetic 
storage devices, or any other medium which can be used to 
carry or store desired program code in the form of machine 
executable instructions or data structures and which can be 
accessed by a general purpose or special purpose computer or 
other machine with a processor. Combinations of the above 
are also included within the scope of machine-readable 
media. Machine-executable instructions include, for 
example, instructions and data which cause a general purpose 
computer, special purpose computer, or special purpose pro 
cessing machines to perform a certain function or group of 
functions. 
0069. Although the figures may show a specific order of 
method steps, the order of the steps may differ from what is 
depicted. Also two or more steps may be performed concur 
rently or with partial concurrence. Such variation will depend 
on the Software and hardware systems chosen and on designer 
choice. All such variations are within the scope of the disclo 
Sure. Likewise, Software implementations could be accom 
plished with standard programming techniques with rule 
based logic and other logic to accomplish the various connec 
tion steps, processing steps, comparison steps and decision 
steps. It should be understood that the present application is 
not limited to the details or methodology set forth in the 
description or illustrated in the figures. It should also be 
understood that the terminology is for the purpose of descrip 
tion only and should not be regarded as limiting. 

What is claimed is: 
1. A kit of parts for a replacement lighting system, com 

prising: 
at least one sensor configured to measure the light provided 

to a building environment by ambient light; 
a plurality of energy efficient lighting fixtures; 
a control system configured to receive measurement infor 

mation from the at least one sensor and configured to 
control at least one of the plurality of energy efficient 
lighting fixtures to turn off or dim when the measured 
ambient light exceeds a minimum threshold; and 

wherein the control system is configured to calculate 
energy savings achieved by turning off or dimming the 
energy efficient lighting fixtures. 

2. The kit of parts of claim 1, wherein the control system 
comprises: 

a controller local to at least one subset of the plurality of 
lighting fixtures and in communication with the at least 
One Sensor, 
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a master controller in communication with a plurality of 
the local controllers and configured to conduct the 
energy savings calculation; 

wherein the local controllers make the off or dim decision 
based on the sensor measurement without communicat 
ing to the master controller, 

wherein the local controllers include a communications 
interface configured to communicate on/off or dimming 
information to the master controller for use in the energy 
savings calculation. 

3. The kit of parts of claim 2, wherein the local controllers 
comprise a wireless transceiver configured to communicate 
via wireless transmission. 

4. The kit of parts of claim 3, wherein at least one of the 
local controllers is configured to use sensor measurement 
information received from another local controller via wire 
less communication to conduct the off or dimming decision. 

5. The kit of parts of claim 4, wherein the wireless com 
munication from local controller to local controller does not 
route through the master controller. 

6. The kit of parts of claim 5, wherein each local controller 
logs on, off, and dimming information and provides Such 
information to the master controller via wireless communi 
cation. 

7. The kit of parts of claim 1, further comprising: 
a device for estimating or metering the actual energy uti 

lized by the plurality of energy efficient lighting fixtures 
over a period of time. 

8. The kit of parts of claim 7, further comprising: 
a computer configured to generate an invoice for transmis 

sion to an owner or operator of the lighting fixtures, 
wherein the computer is configured to calculate a pay 
ment amount on the invoice by multiplying the esti 
mated or metered actual energy usage over the period of 
time by a new utility rate, wherein the new utility rate is 
calculated by the computer and calculated by apportion 
ing a cost associated with the owner or operator's pay 
ment of the energy efficient lighting equipment as a 
function of estimated energy savings per billing interval; 

wherein the master controller is configured to transmit the 
estimated or metered actual energy usage to the com 
puter for the invoice generation. 

9. The kit of parts of claim 8, wherein the new utility rate is 
not applied to actual energy use over time and the generated 
utility invoice does not request payment for actual energy use 
over time. 

10. The kit of parts of claim 1, further comprising: 
a natural lighting feature for installation on a building and 

for directing natural ambient light into the building envi 
rOnment. 

11. The kit of parts of claim 10, wherein the natural lighting 
feature is a light pipe comprising: 

a reflective tube; 
a diffuser mounted proximate a first end of the reflective 

tube; and 
a light collection system mounted proximate a second end 

of the reflective tube, the second end opposite to the first 
end, the light collection system configured to direct 
natural light into the reflective tube. 

12. The kit of parts of claim 1, wherein the control system 
is configured to aggregate information received from the plu 
rality of energy efficient lighting fixtures, and to use the 
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aggregated information to determine how many or which of 
the plurality of energy efficient lighting fixtures to turn off or 
dim while maintaining target lighting levels. 

13. The kit of parts of claim 1, wherein the control system 
is configured to predict the potential energy reduction avail 
able from turning the energy efficient lighting fixtures off or 
dimming the energy efficient lighting fixtures. 

14. The kit of parts of claim 13, wherein the control system 
is configured to transmit the potential energy reduction via a 
communications interface, wherein the control system trans 
mits the potential energy reduction with an offer for another 
party to purchase the energy reduction. 

15. The kit of parts of claim 14, wherein the control system 
is configured to effect the off or dimming behavior in 
response to another party accepting the transmitted offer. 

16. The kit of parts of claim 1, wherein a wireless commu 
nication from a first lighting fixture local controller to second 
lighting fixture local controller does not route through a mas 
ter controller. 

17. A computer system for invoicing a consumer of energy 
efficient lighting equipment, the invoicing associated with the 
consumer's payment of a cost of the energy efficient lighting 
equipment, comprising: 

a memory configured to store an estimate an energy sav 
ings per future period due to the energy efficient lighting 
equipment; 

a processing circuit configured to calculate a new utility 
rate by apportioning the cost associated with the energy 
efficient lighting equipment as a function of the esti 
mated energy savings per future period; and 

a communications interface configured to receive actual 
energy use information associated with the energy effi 
cient lighting equipment during a selected period of the 
future periods: 

wherein the processing circuit is configured to calculate an 
actual energy savings during the selected period using 
the received actual energy use information and informa 
tion relating to an old lighting technology; 

wherein the processing circuit is further configured to gen 
erate a utility invoice for transmission to the consumer, 
wherein a payment amount on the utility invoice is cal 
culated by multiplying the actual energy savings during 
the period by the calculated new utility rate. 

18. The computer system of claim 17, wherein the com 
munications interface is configured to receive metered energy 
usage from a metering device. 

19. A system for invoicing a consumer of energy efficient 
lighting equipment, comprising: 

a computer configured to generate an invoice for transmis 
sion to the consumer, wherein a payment amount on the 
utility invoice is calculated by the computer and by 
multiplying an actual energy savings associated with the 
energy efficient lighting equipment by a new utility rate, 
wherein the new utility rate is calculated by apportioning 
a cost associated with the consumer's payment of the 
energy efficient lighting equipment as a function of esti 
mated energy savings per billing interval. 

20. The system of claim 19, wherein the new utility rate is 
not applied to actual energy use over time and the generated 
utility invoice does not request payment for actual energy use 
over time. 


