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PG&E programs

E-BIP PG&E, SCE and SDGE.  Base Interruptible Program

http://www.pge.com/tariffs/doc/E-BIP.doc

average monthly demand of 100 kilowatt (kW) or more and potential load reduction of 100kW or more.  Aggregators allowed.

$/kW-yr Potential Load ReductionMonthly Incentive

$96100 kW to 500 kW $8.00/kW

Technology Incentive Program

http://www.pge.com/biz/demand_response/technology_incentive/index.html

$/kW maximum demand greater than or equal to 200 kW

$250PG&E Rebate $250 per kilowatt of verified load reduction capability associated with the installation of equipment

$300SCE Rebate $300 per kilowatt of verified load reduction capability associated with the installation of equipment, must include EMS.

sell price labor hours labor rate Total installed cost, each device

CEDR Sender, 20A $155 0.25 $75.00 $173.75

CEDR T-24 Receiver, 10A $20 0.25 $75.00 $38.75

CEDR Outlet Receiver, 10A $20 0.25 $75.00 $38.75

CEDR sell prices are retail, estimated by Joel Snook, NEV, based on materials cost for receivers and comparison to Lutron Nova N-2000 for sender.

CEDR installation time and electrician rates estimated by Jim Benya, Benya Lighting, based on experience.

Open office lighting circuit with T-24 switch(s) examples

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

277 3.102 44% 1.365 2 0.683 $251 $251 $131 0.00 $393 $142.85 $41

277 4.432 66% 2.925 2 1.463 $251 $251 $281 0.00 $842 $66.66 $19

277 4.432 50% 2.216 2 1.108 $251 $251 $213 0.00 $638 $88.00 $25

277 4.432 33% 1.463 2 0.731 $251 $251 $140 0.00 $421 $133.33 $38

277 2.216 66% 1.463 2 0.731 $251 $251 $140 0.00 $421 $133.33 $38

277 2.216 50% 1.108 2 0.554 $251 $251 $106 0.00 $319 $175.99 $51

277 2.216 33% 0.731 2 0.366 $251 $183 $70 0.97 $142 $266.66 $77

120 1.920 66% 1.267 2 0.634 $251 $251 $122 0.00 $365 $153.88 $44

120 1.920 50% 0.960 2 0.480 $251 $240 $92 0.12 $265 $203.13 $59

120 1.920 33% 0.634 2 0.317 $251 $158 $61 1.53 $90 $307.77 $89

120 0.960 66% 0.634 2 0.317 $251 $158 $61 1.53 $90 $307.77 $89

120 0.960 50% 0.480 2 0.240 $251 $120 $46 2.85 $7 $406.25 $117

120 0.960 33% 0.317 2 0.158 $251 $79 $30 5.66 -$81 $615.53 $178
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Preface

The California Energy Commission Public Interest Energy Research (PIER) Program supports public interest energy research and development that will help improve the quality of life in California by bringing environmentally safe, affordable, and reliable energy services and products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D) projects to benefit California.

The PIER Program strives to conduct the most promising public interest energy research by partnering with RD&D entities, including individuals, businesses, utilities, and public or private research institutions.

PIER funding efforts are focused on the following RD&D program areas:
· Buildings End-Use Energy Efficiency
· Energy Innovations Small Grants

· Energy-Related Environmental Research

· Energy Systems Integration

· Environmentally Preferred Advanced Generation

· Industrial/Agricultural/Water End-Use Energy Efficiency

· Renewable Energy Technologies

· Transportation

Lighting California’s Future: Cost-Effective Demand Response  is the final report for the Lighting California’s Future project (Contract number 500-06-035 conducted by Architectural Energy Corporation, Adura Technologies, and California Lighting Technology Center. The information from this project contributes to PIER’s Building End-Use Energy Efficiency Program.

For more information about the PIER Program, please visit the Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy Commission at 916-654-4878.
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Abstract

Lighting California’s Future was the California Energy Commission’s $3.7 million Public Interest Energy Research Program focused on lighting technologies for buildings. The project on Cost-Effective Demand Response sought to introduce a novel demand response lighting control technology that can easily be retrofitted to existing buildings. The new system would be capable of receiving a utility demand reduction signal and transmitting, over the building power lines, a load-shed signal to multiple receiver devices, which are installed at light switches that are deemed ideal to shed lighting load.  The report concludes that the cost-effective demand response system needs to be further modified at the component level. NEV Electronics plans to continue development and testing of the system with private funding. 
Keywords: Demand response, CEDR, demand savings, DR, office lighting, energy efficiency.

Executive Summary

Introduction

Lighting California’s Future was the California Energy Commission’s $3.7 million Public Interest Energy Research (PIER) Program focused on lighting technologies for buildings. The program, which began in May 2007, featured nine technical projects and a crosscutting market connection project. One of the nine technical projects was the Cost-Effective Demand Response project. 

Purpose

The Cost-Effective Demand Response project sought to introduce a novel demand response lighting control technology that can easily be retrofitted to existing buildings. The new system would be capable of receiving a utility demand reduction signal and transmitting, over the building power lines, a load-shed signal to multiple receiver devices. The project team included NEV Electronics and the California Lighting Technology Center. 

Objectives

Specific objectives were to: 

· Develop and demonstrate receiver devices that are capable of receiving a utility demand reduction signal from a control device and responding by turning off one of the connected loads of a bilevel switching lighting system. 

· Demonstrate that the method of transmitting the load-shed signal is robust enough to reach 75 percent or more of the connected receiver devices in field test applications. 

· Demonstrate that the method of transmitting the load-shed signal does not alter building power quality to the point that it leads to the malfunction of any connected electrical devices. 

Project Outcomes

Proof of concept prototypes were built and tested. NEV Electronics developed the various components and built the Cost-Effective Demand Response prototypes. The California Lighting Technology Center tested the prototypes at its facility in Davis, California. Modifications to the prototypes were identified and made. This development process was iterative in nature until all of the components seemed suitable for more robust field tests. 

Two demonstration sites were identified where the Cost-Effective Demand Response system could be placed in the spring of 2008. The plan was to install the system, monitor the summer demand response events as alerted by the investor-owned utility, and measure the corresponding performance. Demand savings would then be calculated along with occupant feedback at the two sites. However, the facility managers for the test sites requested Underwriter Laboratories®-approved products due to the connectivity to the building’s electrical system. Given the request, the focus shifted to obtaining Underwriter Laboratories approval of the Cost-Effective Demand Response components prior to proceeding with field tests. The process of gaining approval proved to be lengthy but highly valuable. 

Based on the Underwriter Laboratories recommendations received in late spring 2009, NEV Electronics had to reassess and further modify the Cost-Effective Demand Response system at the component level. Consequently, the demonstration phase was delayed, and Energy Commission staff determined that the system could not achieve robust site testing during the term of the Lighting California’s Future program. NEV Electronics plans to continue development and testing of the Cost-Effective Demand Response system and strive for Underwriter Laboratories certification with private funding. The timetable for a full product release has not been specified.

The California Lighting Technology Center, under direction of Architectural Energy Corporation, searched for commercially available demand response systems. One system, which appeared to be promising, contained a component that used a powerline communication protocol. However, the system proved unable to broadcast demand response commands to the lighting control devices in a small commercial application. This component was not available in a more robust communication protocol. 
Conclusions

Within this research project, the initial functionality of cost-effective demand response was demonstrated in a test office. The California Lighting Technology Center demonstration office installation had all the elements of Cost-Effective Demand Response, reliably shedding the lighting load when commanded and not interfering with the lighting that it controlled. The research project also paved the way toward a promising Underwriting Laboratories-certified demand response product. 

This research showed the demand response load with the greatest potential for Cost-Effective Demand Response is bilevel switched lighting. Bilevel lighting was deemed of high potential because: 

· No economically viable lighting retrofit demand response solutions exist for bilevel switched lighting served by a single circuit breaker according to the market industry survey. 

· Only non-critical lighting loads will be placed under Cost-Effective Demand Response’s control, and safety features are built in to avoid turning off all the lights. 

· Unlike devices with thermostat setback demand response, the effect of shedding lighting load doesn’t result in excessive shedding. 

· Many programs exist to set back thermostats for demand response. The approach is thus sufficiently well-served and is not a prime candidate for Cost-Effective Demand Response. 

· Plug-load studies to date have not shown sufficient economically suitable demand response candidates. 

· Large single-device loads, such as large water pumps, are more economically shed with dedicated load-shed receivers that activate existing controls to shut down the devices.

The Cost-Effective Demand Response technology provides a viable business opportunity because it targets a poorly served market and offers a potentially high profit margin with little investment. Cost-Effective Demand Response is a low-cost method of delivering the utility demand response signal to commercial buildings and has a strong potential to be selected by utilities considering the various demand response alternatives. 

The key risk factor is that demand response is an incentive-driven business. Variations in utility rebate programs can dramatically affect the Cost-Effective Demand Response business model. Success of demand response product hinges on successful field trials, regulatory approvals of demand response incentive programs, acceptability of load shedding by office occupants, and high volume sales that hold price points low. 

Electric utility demand response incentive programs have been endorsed and institutionalized by the California Public Utilities Commission. Although not necessarily mature, the demand response market is fairly established with a number of growing, solvent companies actively promoting and participating in utility demand response incentive programs.

Demand response programs typically have large minimum load-shed requirements that may exceed the load-shed potential of lighting in a building. Demand response aggregators exist to allow smaller customers to participate. Smart meters are being deployed throughout California and have the potential to make participation in demand response programs easier.

Underwriting Laboratory certification is essential to the success of this product because field demonstrations are essential to convince the demand response community that Cost-Effective Demand Response is effective, to confirm occupant acceptance, and to show that productivity is not negatively affected. 

One key technical risk for Cost-Effective Demand Response is that power quality regulations are under discussion and may cause changes to the size of the phase cuts presently used in signaling. 

Recommendations

Based on the results of this project, the main recommendation is to find a commercial product partner to license the Cost-Effective Demand Response patents from the University of California. 

Other recommendations that are integral to finding a commercialization partner include the following: 

· Continue with product development based on Underwriting Laboratory recommendations as discussed within this report. 

· Find, install, and monitor several field test sites. 

· Focus on the bilevel switching receiver instead of components focused on plug loads.

· Focus on large commercial office buildings as the best economic fit. 

· Work with a manufacturer of wall switches to integrate the Cost-Effective Demand Response Receiver with dual switches as a drop-in replacement for bilevel switches. 

Once a Cost-Effective Demand Response product is ready for market, the product should be submitted as a candidate product for the California Investor-Owned Utilities’ Emerging Technologies Programs. 

Benefits to California

As a demand response device, Cost-Effective Demand Response significantly reduces peak demand. Initial estimates indicate that 20 to 30 percent of the building’s lighting demand, or 7 to 10 percent of total demand, can be shed and maintained off during the demand response event. This means a potential demand savings of 289 megawatts from bilevel switched lighting in all California office buildings. Because 100 percent market penetration is not reasonable, a more realistic estimate of benefit to California is 3 megawatts demand savings in office buildings and another 4.8 megawatts savings in other building types that have bilevel switched lighting. 
Installing Cost-Effective Demand Response in retrofit or new applications is fast, easy, and inexpensive. The system is composed of senders installed at the circuit breakers on lighting circuits and receivers installed at the bilevel switches. Installation and maintenance costs are minimized because the existing electrical wiring in the building is used for transmitting signals between the components.

1.0 Introduction

Lighting California’s Future (LCF) was a $3.7 million California Energy Commission Public Interest Energy Research program focused on lighting technologies for buildings. The program, which is managed by Architectural Energy Corporation, featured nine technical projects and a cross-cutting market connection project. The goal of LCF was to help meet California’s growing needs for energy efficiency and demand response by creating energy-efficient, advanced lighting technologies, products, systems, and implementation tools and bringing them to market for the benefit of California citizens.

The Cost-Effective Demand Response (CEDR) project sought to introduce a novel demand response (DR) lighting control technology that can easily be retrofitted to existing buildings. This project would develop a new system capable of receiving a utility demand reduction signal and transmitting, over the building power lines, a load-shed signal to multiple receiver devices. The intended outcome of the project was the development and commercialization of a novel demand responsive lighting technology. CEDR takes a low-tech approach, doing only one simple task inexpensively—reducing loads during DR conditions. 
The principal feature of the CEDR system is the ability to retrofit into existing buildings of all types, from residences to hotels, office buildings, and even industrial sites. No major rewiring is required; transmitting devices are installed at the electrical panel and receiving devices are installed at loads, in the ceiling above wall switches or outlets. Loads are shed upon command. A safety feature prevents shedding unless both switches in a bilevel system are on, so the user can override which half is shed. Unlike competing and foregoing concepts, CEDR uses low-cost, robust devices that are easy to install in existing or new buildings. CEDR is capable of plug-and-play operation and does not require complicated setup or programming. It solves the problem of how to control many lights with just a few receivers.

While the most attractive case is shedding nonessential lighting, CEDR technology can also shed appliance, air conditioning, and almost any other electrical load during power emergencies. CEDR can be used as a communication channel by future products that address energy conservation allowing personal dimming control and dimming in response to daylight. The reuse of already installed and paid for CEDR technology will make those future products economically viable and provide an opportunity to sell more devices to existing customers. 
Key project members were NEV Electronics, LLC, and the California Lighting Technology Center (CLTC). The project team narrowed the CEDR product offering, focusing on the following aspects. 
· Identifying specific commercial office building type – for example, owner-occupied versus tenant with more than 50 hours of lighting operation per week. Summer operation is essential. 

· Identifying building size – for example, greater than 50,000 square feet of office space or possibly based on a minimum lighting power usage per circuit breaker, if this can be determined. 
· Continuing to evaluate optimal CEDR package – using feedback from demonstration sites, fine-tuning cost and savings per installation, and better understanding utility incentives and requirements. 
· Developing marketing materials that clearly communicate ease of installation and customer acceptance of dimming; communicating importance of seamlessly contributing to shedding load for the common good of California citizens. 
As the development of the CEDR product progressed, NEV Electronics would initiate discussions with potential manufacturers. 

1.1. Background 

California electric utilities face a great challenge when statewide power generating capacity is constrained and the demand for power is high. The cost to produce electricity skyrockets. Usually this happens during summer heat waves. In lieu of constructing major new central generating capacity to solve the problem, electric utilities are attempting a different approach – encouraging customers to reduce demand during critical peak periods. This is accomplished through DR programs that provide incentives to customers that rapidly curtail their demand upon request. 

As illustrated in Figures 1 and 2, a report
 by the California Measurement Advisory Council (CALMAC), indicates that commercial customers create 38 percent of the total state peak energy demand. Within the commercial sector, indoor lighting accounts for 33 percent of demand, second only to cooling peak demand. 
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Figure 1. Commercial sector contribution to peak demand (Major IOU)

Source: NEV Electronics
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Figure 2. Commercial (IOU) demand by end use

Source: NEV Electronics
Findings of the Lawrence Berkeley National Laboratory (LBNL) (Figure 3) indicate that large offices are the biggest lighting energy users among commercial buildings. Additional data gleaned from the 1999 Lighting Efficiency Technology Report, authored by the Heschong Mahone Group, shows that small and large office buildings together make up 22 percent of California’s annual commercial lighting energy usage.
[image: image4.emf]
Figure 3. Lighting energy use for California commercial buildings in 2000 (LBNL)
Source: NEV Electronics
Beginning in the early 1980s, California Building Energy Efficiency Standards, also known as Title 24, requires the use of bilevel switching. Bilevel switching allows occupants of offices and other spaces to select and adjust the level of lighting in their workspaces. A typical scenario is a small perimeter private office with two overhead recessed light fixtures containing three, four-foot linear fluorescent tubes per fixture. On the wall near the door, a light switch is located containing two switches. One switch controls the center light of each fixture, and the other switch controls the two outer lights of each fixture. Thus, the lighting configurations are as follows:

· All-on (6 tubes on)
· All-off (zero tubes on)
· Center tubes on (2 tubes on) 

· Outside tubes on (4 tubes on)

Bilevel switching was designed to give office workers the ability to adjust their light level based on the need. For example, if there are windows in the office, the worker may choose to rely on natural daylight and turn down or turn off the artificial lighting. In practice, most workers turn on and leave all of the lights on during working hours. 

It is estimated that 75 percent of commercial lighting load in California is bi-level switched; and CEDR, the technology that is the focus this research project, directly targets the substantial commercial bilevel lighting sector market. 
1.2. Project Objectives

The goal of this project was to develop, refine, and demonstrate a commercially viable, low-cost control system for achieving DR control over bilevel lighting loads in commercial buildings.
Specific objectives were: 

· Develop and demonstrate a control device that is capable of receiving a utility demand reduction signal and transmit, over building power lines, a load-shed signal to multiple receiver devices. 

· Develop and demonstrate receiver devices that are capable of receiving a utility demand reduction signal from a control device and respond by turning off one of the connected loads on a bilevel switching lighting system. 

· Demonstrate that the method of transmitting the load-shed signal is robust enough to reach 75 percent or more of the connected receiver devices in field test applications. 

· Demonstrate that the method of transmitting the load-shed signal does not alter building power quality to the point that it leads to the malfunction of any connected electrical devices. 

1.3. Benefits to California

As a DR device, CEDR significantly reduces peak demand. Initial estimates indicate that 20 to 30 percent of the building’s lighting demand, or 7 to 10 percent of total demand, can be shed and maintained off during the DR event. 

Statewide load for bi-level switching characterizations were researched and the following information found. 
· Peak demand contribution from lighting in commercial buildings on a peak day in California in 2003 equaled six gigawatts (GW). As a reference, the overall solar power production capacity in the United States reached about 9.1 GW in 2008 according to the Solar Energy Industries Association
.
· Seventy-five percent of commercial lighting load is bilevel switched.

· Seven percent of commercial lighting load is controlled by advanced lighting controls.

· Lighting controlled by advanced lighting controls may not require CEDR to have DR ability. 

The most conservative calculation is to assume that all lighting controlled by advanced lighting controls is also controlled by bilevel switching. Thus, the following is calculated: 

· 75 percent - (7 * 75 percent) = 70 percent of commercial lighting in California can use CEDR.
· 70 percent * 6 GW = 4.2 GW is the statewide load on bilevel switches. This is the actual load, not the maximum possible load.

The research team makes the conservative assumption that the low power switch in the bilevel pair will be shed by CEDR. Based on the Lighting Controls Effectiveness Assessment report
 by ADM Associates Inc., a data set was used by the project team that provided insight into the percentage of the 4.2 GW that CEDR can shed by turning off the lower-powered of the two bi-level switches. Because bilevel usage patterns and energy usage differ between open and private offices, two calculations are necessary. 

· Open offices use 75 percent peak energy * (66 percent of bilevel switches are both on during peak times / 90 percent of bilevel switches at least one on during peak times) * 44 percent of load is controlled by the low switch = 220 MW, which is the statewide load on the lower-powered bilevel switches for open offices in office buildings. 
· Private offices use 25 percent peak energy * (48 percent of bilevel switches are both on during peak times / 70 percent of bilevel switches at least one on during peak times ) * 44 percent of load is controlled by the low switch = 69 MW, which is the statewide load on the lower-powered bilevel switches for private offices in office buildings.

Adding both together, the CEDR shed potential for bilevel switched lighting in California office buildings is estimated to be 289 MW. Because 100% market penetration is not reasonable, a more realistic estimate of benefit to California is 3 MW demand savings in office buildings and another 4.8 MW savings in other building types that have bilevel switched lighting. Other building types include schools, universities, and warehouses. In total, 7.8 MW demand savings is estimated. 
1.4. Commercialization Potential

The CEDR product targets the huge commercial building retrofit market, specifically buildings that have bilevel light switching. The technology is not designed for the new construction market primarily because there are other technology solutions that are more likely to dominate this sector. The CEDR technology could also be considered for the residential market, but residential lighting adds a relatively small amount to summer peak load and has fewer lights per switch than commercial buildings. 

It is anticipated that CEDR will be structured around the successful DR and energy service company (ESCo) model. ESCos and DR companies provide free consulting services; a building lighting inventory is produced to identify the potential lighting load reduction of the commercial building; and historical energy usage and cost data are used to triangulate and to assess peak load characteristics. The ESCo performs the analysis and then presents a proposal to the customer that features no upfront costs; periodic payments are made through a combination of savings, utility incentives, and sometimes federal and state tax credits. 

In a proposed scenario for CEDR, the ESCo claims the public utilities’ Technology Incentive Program (TIP) rebates that incentivize installation of equipment that allows load shedding ($250/kW) and 1/3 of the Base Interruptible Programs (E-BIP) ($96/kW per year) rebate provided by Pacific Gas and Electric (PG&E), San Diego Gas & Electric (SDG&E), and Southern California Edison (SCE). The consumer will keep 1/3 of the E-BIP rebate while the last 1/3 will be given to contractors for service and maintenance of the CEDR system. 
A classic ESCo scenario is shown in the following figure. In this scenario, 200 kW of lighting load is shed. The incentives are twofold: one-time payment of $50,000 ($250 per kW shed) and an annual incentive of $19,200 ($96 per kW shed). Over five years, the annual incentive totals $96,000. One proposed financial arrangement is to pay one-third of the annual incentive or $6,400 ($32 per kW) to the customer, which totals $32,000 at the end of five years. The lighting contractor also could receive one-third of the annual incentive or $6,400 ($32 per kW), which totals $32,000 at the end of five years. Finally, the one-time payment of $50,000 ($250 per kW shed) and one-third of the annual incentive or $6,400 ($32 per kW), which totals $32,000 at the end of five years, would be received by the ESCo that commercializes the CEDR system. 
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Figure 4. ESCo scenario: Utility DR incentive split 200 kilowatts (kW) curtailed 

Source: NEV Electronics
Another scenario could be that the ESCo pays a lump sum incentive payment to the customer for $32,000 and the lighting contractor for $32,000 all in Year One. With this arrangement, the ESCo would realize the $50,000 in Year One and the remaining $32,000 during the five-year period. 
1.5. Report Organization 

The report organization steps through the approach, outcomes, and conclusions and recommendations for the CEDR system to become a viable DR product that may benefit California citizens. 

2.0 Project Information
2.1. Project Approach
Key project members were NEV Electronics and the CLTC. NEV Electronics was responsible for the development of the CEDR components and producing and modifying the prototypes. The CLTC was responsible for testing the prototypes and providing feedback to NEV Electronics. The CLTC also would find test sites during the demonstration phase and coordinate and monitor the installations. SCE intended to be involved in the demonstration phase, providing information about DR events during the testing period. Jim Benya also was involved, providing support to NEV Electronics. As the development of the CEDR product progressed, NEV Electronics would initiate discussions with potential manufacturers. ESCos would be targeted as potential implementers. 

Key tasks to be accomplished using this approach are listed in Table 1. 

Table 1. Project 3 tasks for CEDR

	Market Analysis and Development of Product Specification

	CEDR System Development and Refinement

	Conduct Detailed Laboratory Evaluation of CEDR System

	Production of Prototypes for Field Test

	Outreach and Identification of Manufacturing Partner(s)

	Technical Assistance to Manufacturing Partner(s)

	Project-Level Market Connections Activities


Source: NEV Electronics
Outcomes associated with each task will be described in the next section. 

2.2. Project Outcomes
2.2.1. Market Analysis and Development of Product Specification

The project team gathered market data from varying sources including LBNL, Heschong Mahone Group, and ADM Associates. Highlights of the information were provided in the background section (Section 1.1) of this report and were examined in depth by the research team. Based on the market data, NEV Electronics developed the initial product specification, focusing on the following key points: 

· Target price points for control and receiver devices should be reasonable. Price targets to the consumers for the controller were set at $155 and for the receiver set at $20.

· Ease of installation was a very high priority during CEDR’s concept and initial design. The installation cost for a controller or receiver device was set at $18.75.

· Minimum lighting loads within a typical office building that were necessary to achieve an acceptable payback were identified. 

· Total CEDR system cost including installation as compared to demand savings from utility incentive programs was set to achieve a three-year simple payback. 

The project team reviewed the demand price structure
 for California utilities in order to quantify the value of removing load from the utility grid during peak demand periods. PG&E, SCE, and SDG&E offer base interruptible programs (BIP), which pay $8 per sheddable kW per month, or $96 per sheddable kW per year. Under BIPs, customers must commit to curtail at least 15 percent of average monthly load or a minimum of 100 kW. A technology incentive p  rogram (TIP) also provides a rebate for installing DR equipment: PG&E pays $250, and SCE pays $300 per sheddable kW. 

For example, the value of an office building removing load from the SCE grid during peak demand periods is $96 per year per sheddable kW plus $300 per sheddable kW for the installation of equipment. 

The outcome of this task yielded the following financial model for CEDR: 

Existing commercial open office building lighting system assumes two sets of bilevel switches per 16A (ampere) maximum breaker. 

· CEDR System cost goals are $155 + $18.75 + 2 x ($20 + $18.75) = $251.

· Where $155 is the controller 

· Where $18.75 is the electrician’s cost for installing the controller

· Where the CEDR Receiver ($20) is installed on two sets of switches by an electrician ($18.75)

Returns for three years are $117 TIP + 3 * 45 BIP = $251 for an acceptable payback for a sheddable load per open office lighting circuit breaker of 634 watts (W). 

The Appendix shows a table of the potential economics for the CEDR system. 

2.2.2. CEDR System Development and Refinement
CEDR acts like a relay, receiving and interpreting the utility’s demand reduction signal, then implementing a demand reduction strategy using the building’s electrical circuits to activate CEDR-controlled receptacles and switches. The CEDR switch and receptacle are designed to switch off all or part of the load and lock out the load during the DR event to assure load reduction. 

NEV Electronics developed a proof-of-concept prototype of the CEDR system. Using the existing power wiring, the prototype consists of a controller and receivers for both switches and receptacles. It is easily wired into an existing office facility. 

The CEDR system switches the attached bilevel lighting system from 100 percent down to 50 percent once it receives the load-shed signal. If the lighting was already manually turned off or reduced to 50 percent by the occupant, the CEDR system prevents the user from returning the lighting to 100 percent until the load-shed signal is removed. CEDR will be explained further in the context of bilevel lighting for simplicity and relevance in subsequent sections. 

CEDR System Technical Overview

A block diagram is shown in Figure 5. 
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PG&E programs

E-BIP PG&E, SCE and SDGE.  Base Interruptible Program

http://www.pge.com/tariffs/doc/E-BIP.doc

average monthly demand of 100 kilowatt (kW) or more and potential load reduction of 100kW or more.  Aggregators allowed.

$/kW-yr Potential Load ReductionMonthly Incentive

$96100 kW to 500 kW $8.00/kW

Technology Incentive Program

http://www.pge.com/biz/demand_response/technology_incentive/index.html

$/kW maximum demand greater than or equal to 200 kW

$250PG&E Rebate $250 per kilowatt of verified load reduction capability associated with the installation of equipment

$300SCE Rebate $300 per kilowatt of verified load reduction capability associated with the installation of equipment, must include EMS.

sell price labor hours labor rate Total installed cost, each device

CEDR Sender, 20A $155 0.25 $75.00 $173.75

CEDR T-24 Receiver, 10A $20 0.25 $75.00 $38.75

CEDR Outlet Receiver, 10A $20 0.25 $75.00 $38.75

CEDR sell prices are retail, estimated by Joel Snook, NEV, based on materials cost for receivers and comparison to Lutron Nova N-2000 for sender.

CEDR installation time and electrician rates estimated by Jim Benya, Benya Lighting, based on experience.

Open office lighting circuit with T-24 switch(s) examples

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

277 3.102 44% 1.365 2 0.683 $251 $251 $131 0.00 $393 $142.85 $41

277 4.432 66% 2.925 2 1.463 $251 $251 $281 0.00 $842 $66.66 $19

277 4.432 50% 2.216 2 1.108 $251 $251 $213 0.00 $638 $88.00 $25

277 4.432 33% 1.463 2 0.731 $251 $251 $140 0.00 $421 $133.33 $38

277 2.216 66% 1.463 2 0.731 $251 $251 $140 0.00 $421 $133.33 $38

277 2.216 50% 1.108 2 0.554 $251 $251 $106 0.00 $319 $175.99 $51

277 2.216 33% 0.731 2 0.366 $251 $183 $70 0.97 $142 $266.66 $77

120 1.920 66% 1.267 2 0.634 $251 $251 $122 0.00 $365 $153.88 $44

120 1.920 50% 0.960 2 0.480 $251 $240 $92 0.12 $265 $203.13 $59

120 1.920 33% 0.634 2 0.317 $251 $158 $61 1.53 $90 $307.77 $89

120 0.960 66% 0.634 2 0.317 $251 $158 $61 1.53 $90 $307.77 $89

120 0.960 50% 0.480 2 0.240 $251 $120 $46 2.85 $7 $406.25 $117

120 0.960 33% 0.317 2 0.158 $251 $79 $30 5.66 -$81 $615.53 $178


Figure 5. Block diagram of the CEDR system
Source: NEV Electronics
There are many proposed automatic signaling methods between a utility and a customer’s building. Most proposed utility signaling systems can close a dry-contact relay output for the duration of the DR event, or such an output can be easily added. The state-of-the-art signaling methods from the utility are not cost-effectively installed at each ballast or bilevel switch output to be shed. CEDR provides the link between a single receiver of the utility signal at the lighting panel and the ability to switch a large number of lights in a bilevel fashion. 

The CEDR system is composed of senders that encode the AC power from a single circuit breaker to the lighting circuit while triggered, and a receiver at each bilevel switch that sheds one switch output as long as the power is encoded. The CEDR sender is triggered by a dry-contact relay or switch closure. The CEDR sender contains a 12 volt (V) direct current (DC) supply to power the control circuitry, read external switch or relay contacts, and power any protocol adaptors required by systems that don’t have relay outputs. The receiver can switch off the output of one bilevel switch in response to monitoring the alternating current (AC) power output from the other bilevel switch. This safety feature assures that the receiver will not see the encoded signal and turn off lighting unless both bilevel switches are on. The user can decide which bilevel circuit will remain on by turning off the other one if the user objects to the automatic behavior.

· CEDR Sender Specifications
Line voltage 120 or 277 VAC.

16 A maximum line in and line out.

12 VDC at 0.4 A maximum power supply output.

DR in H load-shed trigger requires 12 VDC at 120 mA (milli-amps).

12V power and control wiring is Class 2, isolated from the AC wiring and ground.

0 to 50 C° ambient.
Power draw: 0.2 W no DR and 1.7 W during DR at 120 VAC.
Housed in a 4 11/16” square electrical box mounted near the load center.

· CEDR Receiver Specifications
Line Voltage 120 or 277 VAC.

10 A maximum switched DR line out.

0 to 50 C° ambient.
Power draw: 0.3 W no DR and 1.6 W during DR at 120 VAC.

Housed in a 4” square electrical box mounted in the ceiling above the bilevel switch.

CEDR System Method of Signaling

The CEDR sender modulates the AC power between the circuit breaker and the bi-level switches with “phase cuts” while commanding the CEDR receivers to shed load. A phase cut briefly blocks the AC line, producing a zero volt output as the AC power sine wave increases from zero volts and then the output rises very quickly to track the line voltage sine wave after the blocking time is done. This is the same waveform produced by common TRIAC
 lamp dimmers controlling incandescent lights and phase cut responsive dimming fluorescent ballasts. This signal is very robust, well-understood, commonly deployed and does not cause mutual interference or unwanted coupling between circuits. No addressing of the “network” is needed between the sender and receivers because the wiring directs the signal to its targets. Lighting loads that are not being shed will see the phase cut during DR events. The phase cuts used by CEDR are small enough that they do not significantly reduce power to the unshed loads or interfere with their operation. The inductance on a circuit populated with large percentages of magnetic ballasts can alter the phase cuts and interfere with CEDR’s operation. This condition can be detected by the characteristically poor power factor. NEV Electronics expects that most businesses interested in DR will have upgraded to electronic ballasts or will take advantage of commonly available incentives to do so.

The CEDR signaling is accomplished with a TRIAC that dissipates approximately one watt per ampere of lighting load while signaling load shed. The TRIAC is cooled with a heat sink that also acts as the lid of the electrical box. This heating and energy loss is eliminated by shorting the TRIAC with a fail-safe normally closed relay while there is no load-shed event. 

The CEDR receivers use a capacitor to harvest energy from the rapid rise of the AC line at the end of each phase cut to power a relay that turns off one output of a bilevel switch as long as phase cuts are present. This is fail-safe because the normally closed relay will reconnect the lights when it loses power in the absence of phase cuts. An inexpensive microprocessor and power supply may be required if the size of the phase cut is reduced. This scenario is discussed later on in this report. 

CEDR System Power Quality

The main concern that has to be addressed with the use of phase-cut signaling is the degradation of power quality. Phase cuts increase total harmonic distortion (THD), most significantly, the third harmonic current. Large third harmonic currents can overheat utility transformers running near capacity. Power factor is also degraded by phase cuts larger than used by CEDR. 

There is presently no regulatory standard for THD, power factor, or third harmonics on lighting circuits in the United States. Regulations exist in Europe, and there are optional standards and proposed regulations in the United States.
The research team planned to do power quality testing of the CEDR system in the laboratory and installed at the demonstration sites to verify the claim of acceptable power quality (American National Standards Institute or ANSI C82.11 ballast standard) during DR events. The testing was canceled when it became apparent that the CEDR components would have to obtain certification from a third party, such as UL, to be installed at the demonstration sites and the research team did not have the final hardware to test. Alternately, CEDR’s power quality numbers were calculated by FFT (Fast Fourier Transform) to remove real world variability that can exceed the measurement values for small phase cuts. Power quality degradation increases with the size of the phase cut and the accuracy of the calculations was verified by measurement with larger phase cuts.

The following table presents the power quality requirements of several standards and proposals and an estimate of CEDR’s performance for three proposed phase cut sizes. The 30-degree phase cuts used by the proof-of-concept design show results comparable to many of the fluorescent ballasts they control and exceed some of the standards. That is more acceptable because the presence of the phase cuts results in a 50 percent reduction in lighting power and the same reduction in the impact of the power quality degradation. A slightly more sophisticated CEDR receiver can be tuned to use 10-degree phase cuts, which should not violate any present or anticipated standards and should eliminate any power quality concerns.

	
	THD
	Harmonic Number
	PF
	Maximum Phase Cut Allowed (degrees)

	
	
	3
	5
	7
	9
	11 - 39
	Any
	
	

	Standard

	IEEE 519-1992
	5.0%
	
	
	
	
	
	3.0%
	
	10

	IEEE 519 for SCR<20
	5.0%
	4.0%
	4.0%
	4.0%
	4.0%
	2.0%
	
	
	10

	oPod Phase I ET 06.11 Draft Report 
	10.0%
	
	
	
	
	
	
	
	20

	IEC 61000-3-2
	
	30.0%
	10.0%
	7.0%
	5.0%
	3.0%
	
	
	20

	P1495
	15.0%
	10.0%
	
	
	
	
	
	0.950
	30

	ANSI C82.11
	32.0%
	
	
	
	
	
	
	
	30

	Phase Cut Degrees
	CEDR Performance
	

	10
	3.1%
	1.0%
	1.0%
	1.0%
	0.9%
	0.9%
	1.0%
	0.999
	

	20
	8.4%
	3.8%
	3.6%
	3.3%
	2.9%
	2.5%
	3.8%
	0.996
	

	30
	14.7%
	8.1%
	7.2%
	5.9%
	4.5%
	4.5%
	8.1%
	0.986
	


Figure 6. Power quality standards and CEDR performance

Source: NEV Electronics
The following notes are provided for Figure 6 clarification. 

· THD is current total harmonic distortion, fundamental referenced, calculated as second harmonic and up divided by the fundamental.


· Harmonic percentage is current harmonic N divided by the fundamental.


· Phase cut is measured in degrees out of 360 for each phase cut. Two equal phase cuts are employed per cycle that starts at the zero crossing.


· PF is power factor, calculated as real power measured after the CEDR sender divided by Vrms (root means square voltage) times Irms (root means square current) measured before the CEDR sender.


· The standards and proposals referenced above specify power factor, THD and harmonic limits but do not specify a maximum phase cut. The maximum phase cut column is the maximum phase cut that will comply.

· Institute of Electrical and Electronics Engineers (IEEE) 519-1992: Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems



· IEEE 519 for Silicone-Controlled Rectifier (SCR) < 20: IEEE 519-1992 limit table for SCR < 20.
· International Electrotechnical Commission (IEC) 61000-3-2: Electromagnetic compatibility (EMC) - Part 3-2: Limits - limits for harmonic current emissions (equipment input current ≤ 16 A per phase)

· Office of the Future (OPOD) Phase I ET 06.11 Draft Report: Preliminary report on office loads

· P1495: The IEEE Single Phase Harmonics Task Force

· ANSI C82.11: American National Standards Institute standard for High Frequency Fluorescent Lamp Ballasts

2.2.3. Conduct Detailed Laboratory Evaluation of CEDR System
[image: image9.emf]Plug Load circuit  examples

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

120 1.920 100% 1.920 1 1.920 $213 $213 $184 0.00 $553 $91.15 $20

120 1.920 50% 0.960 1 0.960 $213 $213 $92 0.00 $276 $182.29 $39

120 1.920 25% 0.480 1 0.480 $213 $120 $46 2.01 $46 $364.58 $78

120 1.920 10% 0.192 1 0.192 $213 $48 $18 8.92 -$109 $911.46 $195

120 1.920 100% 1.920 4 0.480 $329 $329 $184 0.00 $553 $122.40 $49

120 1.920 50% 0.960 4 0.240 $329 $240 $92 0.96 $188 $244.79 $98

120 1.920 25% 0.480 4 0.120 $329 $120 $46 4.53 -$71 $489.58 $195

120 1.920 10% 0.192 4 0.048 $329 $48 $18 15.23 -$225 $1,223.96 $488

Small Office Lighting  examples Based on assumption of 315W per office

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

277 4.432 66% 2.925 14 0.209 $716 $716 $281 0.00 $842 $148.71 $96

277 4.432 50% 2.216 14 0.158 $716 $554 $213 0.76 $476 $196.30 $127

277 4.432 33% 1.463 14 0.104 $716 $366 $140 2.50 $71 $297.42 $192

277 2.216 66% 1.463 7 0.209 $445 $366 $140 0.57 $342 $201.70 $103

277 2.216 50% 1.108 7 0.158 $445 $277 $106 1.58 $151 $266.25 $135

277 2.216 33% 0.731 7 0.104 $445 $183 $70 3.73 -$52 $403.40 $205

120 1.920 66% 1.267 6 0.211 $406 $317 $122 0.74 $276 $217.01 $104

120 1.920 50% 0.960 6 0.160 $406 $240 $92 1.80 $110 $286.46 $137

120 1.920 33% 0.634 6 0.106 $406 $158 $61 4.07 -$65 $434.03 $207

120 0.960 66% 0.634 3 0.211 $290 $158 $61 2.16 $51 $339.33 $118

120 0.960 50% 0.480 3 0.160 $290 $120 $46 3.69 -$32 $447.92 $156

120 0.960 33% 0.317 3 0.106 $290 $79 $30 6.93 -$120 $678.66 $237

Proof-of-concept prototypes were installed and tested at the CLTC. The prototype display at the CLTC included both standard receptacles and “DR-override” receptacles. Equipment plugged into the standard receptacles are unaffected by CEDR technology during load-shed events, while equipment plugged into the DR-override receptacles are switched off. A DR-indicator lights up at the DR-override receptacles during the events so occupants can see that CEDR has turned off the controlled receptacles. 

Figure 7. Photographs of the laboratory testing at the CLTC

Source: NEV Electronics
Figure 7 shows the CEDR system installed on a lighting circuit. The left image shows normal operation with both lamps on. The right image shows a DR event with the indicator light on and only one lamp in operation. 
The CLTC successfully tested overhead linear fluorescent lights and fluorescent task lights with CEDR technology. The plan to test common office equipment with CEDR plug load control was canceled when efforts were redirected to the UL certification process.

The steps to obtain and maintain UL certification are as follows:

· Preliminary Investigation: Manufacturer sends the product to UL for a precertification review. UL engineers identify aspects of the product likely to fail UL certification testing based on their experience, rather than a lengthy series of compliance tests. UL then assists the manufacturer in addressing those potential failures. This optional service was selected to speed up certification time by reducing the likelihood of  failing a test and potentially having to restart the compliance test program. 

· Product Submittal: Manufacturer sends the product to UL for initial assessment.

· Product Investigation: UL engineers thoroughly test and inspect the product to determine compliance with requirements.

· Authorization to Use the UL Mark: Once compliance is determined, the manufacturer is authorized to use the UL Mark.

· Follow-Up Services Inspections: Throughout the lifetime of the UL certification, products undergo regular inspections at the manufacturing facility to determine continued compliance with requirements certification. 
The CEDR system was submitted to UL for the Preliminary Investigation step. The UL engineers responded with several recommendations that are outlined in the next section. 

2.2.4. Production of Prototypes for Field Test
Two demonstration sites were identified to install the CEDR system in the spring of 2008. The plan was to install CEDR, monitor the summer DR events as alerted by the IOU, and measure the corresponding performance of the CEDR system. Demand savings would be calculated along with occupant feedback at the two sites. However, the facility managers for the test sites requested UL-approved products due to the connectivity to the building’s electrical system. With this request, NEV Electronics’ focus shifted to gain UL approval of the CEDR components before proceeding with the field tests. The process of gaining UL approval proved to be lengthy and highly valuable. 
UL classified the CEDR system as PAZX - Energy Management Equipment subject to UL 916. The 12V power supply and DR signal input of the CEDR Sender will be tested as Class 2 to avoid requiring conduit when connected with devices that signal a DR event, such as the Clir (Client & Logic with Integrated Relay) box.

UL staff identified the need for high potential testing of some of the CEDR sender boards installed in their boxes because some components that conduct AC line voltages require heat sinking and are thus less than ½-inch away from user-accessible metal. This test would ensure that the insulation of the components is sufficient to protect the operator from electrical shock. Also, the research team agreed to move the CEDR receiver from the bilevel light switch to a location next to the junction box in the ceiling that serves the bilevel switch. UL required the CEDR bilevel switch receiver to be in a separate enclosure from the switches, face plate, and wiring as the practical solution to their rules. This requirement could have been better satisfied by integrating the CEDR receiver with the light switches in a custom box, but that effort is well beyond the scope of this project. This design change will add to the product and installation cost but should not drastically affect the cost effectiveness for open office installations. Another change is for the CEDR sender to be mounted on the wall near the lighting breaker panel instead of attached to it. A box will be provided to terminate field wiring. Again, this change will add minimally to the product cost. 

Based on the UL recommendations received in late spring 2009, NEV Electronics has been reassessing and further modifying the CEDR design. NEV Electronics is working on packaging the circuitry to meet all of the UL spacing rules when housed in standard low-cost electrical boxes because developing custom plastic boxes is not in the budget. Consequently, the demonstration phase has been delayed, and it has been determined that the CEDR system will not achieve robust site testing during the term of the LCF program. NEV Electronics plans to continue development and testing of the CEDR system and strive for UL certification with private funding. The timetable for a full product release has not been specified. 
2.2.5. Outreach and Identification of Manufacturing Partner(s)
In the area of outreach and identification of manufacturing partners, CEDR’s key competitive advantages are:

· Patented technology: CEDR uses patent pending technology that has been tested under real-world conditions. CEDR system validation was done at CLTC, and the system was on display.

· Use of robust low-cost devices: Most competing technologies use state-of-the-art hardware and control systems, which are proving to be excessive for demand response. By contrast, CEDR uses low-cost technology that has been in use for decades, which also increases the system reliability.

· Use of existing ballasts, switches, and wiring: No need to remodel, rewire, or replace, thus reduces costs, increases ease of installation, and avoids disruption of work.

· Easily installed in existing or new buildings: Due to the difficulties and upfront costs involved in retrofitting, most competing technologies limit themselves to new buildings. The CEDR system is so simple to install that it is equally applicable to both existing and new buildings.

· Capable of plug-and-play operation: Most other systems require complex initial programming that may not be reproduced by the user if any devices fail.
· Adaptability to other platforms: CEDR can be adapted easily to any energy management system that is already in place or is being installed alongside CEDR.

· Strong networks in utility, regulatory, lighting, and energy efficiency communities: The CLTC and the Energy Efficiency Center (EEC) at UC Davis are both organizations geared toward helping commercialization of new innovative technologies. The networks that these organizations have built over the years are readily available to CEDR and can help it get to market faster. CEDR was invented to meet the desire of utilities for more DR capacity. The CEDR team has collaborated with the utilities to assure the system could meet DR needs. The regulatory community is also involved in CEDR’s development by providing guidance and funding.
Finding manufacturers who may be interested in commercializing CEDR will be explored by NEV Electronics. However, manufacturers are not the only avenue for CEDR market outreach. Key alliances could be formed with electric utilities with DR programs (e.g., SCE and PG&E) and electric utilities that are considering implementing DR programs (e.g., Roseville Electric). In addition, major ESCos such as Chevron Energy Services, Honeywell, Johnson Controls, and Ameresco could be key partners because they have the capital to purchase the rights to the technology. Finally, prominent DR companies like Enernoc, Energy Curtailment Specialists, Inc., EnergyConnect, BluePoint, and Business Energy Coalition may be considered because they are likely to be interested in buying and using CEDR hardware. These different entities should be courted to better understand the profitability from various possible business arrangements and interest levels. 

Specifically, NEV Electronics may pursue under private funding the following outreach actions:

· Continue to build an alliance with PG&E and SCE DR program managers.
· Reach out to municipal utilities with high summer peak demand by working through the Northern California Power Agency (NCPA) and the Southern California Public Power Authority (SCPPA) and by working with individual utilities where the CEDR team may have an existing relationship.

· Open a channel of communication with select DR companies and ESCos that are active in DR or are interested in DR.

· Continue to engage the venture capitalist (VC) community focusing on high-tech energy organizations. 

· Continue to stay involved with California Title 24 2011 Code Development Lighting and DR Committees. 

2.2.6. Technical Assistance to Manufacturing Partner(s)
Because the scope of this project focused more on gaining UL approval of the CEDR technology, NEV Electronics was not in a position to actively provide technical support to a manufacturing partner. Once a manufacturing or ESCo partner is found, NEV Electronics will provide technical assistance as required to move the technology to commercialization. 

2.2.7. Project-Level Market Connections Activities
NEV Electronics participated in several significant market connection activities including the showcase of the proof-of-concept prototype at LightFair International in 2008 as part of the California Energy Commission PIER booth. Also, Joel Snook, owner of NEV Electronics, participated in the University of Davis Business Competition. CEDR was selected as a finalist in the competition. 

2.2.8. Laboratory Evaluation of Other DR Systems

When NEV Electronics shifted the CEDR product development to focus on the UL certification process, the CLTC research team evaluated other DR systems that had the potential to be cost-effective off-the-shelf solutions for commercial building owners. The team looked in particular at a system of components consisting of a Universal Devices ISY-99i, SmartHome PowerLinc Modem and various Advanced Control Technologies receiver and coupler modules.
Technology Overview
The proposed off-the-shelf solution for CEDR consisted of powerline communications (PLC) and home automation devices from three separate manufacturers: Universal Devices’ ISY-99i “stand-alone home automation solution,” the SmartHome PowerLinc Modem (PLM), and a selection of X10/A10 receiver and coupler devices manufactured by Advanced Control Technologies. Figure 8 shows how these different components interconnect. 
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Figure 8. Potential off-the-shelf DR solution

Source: NEV Electronics
The Universal Devices ISY-99i is a stand-alone home automation controller that can be programmed from an external computer to send home automation signals based on a schedule or external inputs. Once programmed, the device can continue operating autonomously (i.e., not connected to a computer), receiving inputs from the power-line network or from its connection to the local computer network and the Internet. The ISY-99i interfaces with the SmartHome PLM to send X10 messages over the power-line network. The SmartHome PLM is currently the only PLC device that the ISY-99i can use to interface with power-line communications. The ISY-99i is responsible for message scheduling, and the SmartHome PLM is responsible for broadcasting the X10 messages to the power-line network. 
The Universal Devices ISY-99i is particularly suited to DR situations because it has built-in Auto-DR capabilities and is designed to connect to the Internet and poll a utility DR server to see if a DR situation exists, at which point the ISY-99i can appropriately shed connected loads. This communication is achieved through the existing Akuacom OpenADR (open automated demand response) standard for DR communications.

Advanced Control Technologies (ACT) manufactures receiver, coupler/repeater, and filter devices that communicate on a power-line network using the X10 protocol and proprietary A10 protocol. The A10 protocol is a more powerful version of the X10 protocol with a higher signal strength, better receiver sensitivity, and increased resistance to line noise. It is cross-compatible with the open X10 standard. 
In this solution, the CTLC team used ACT receiver devices to receive X10/A10 load-shed signals and control attached lighting loads. The team installed an ACT coupler/repeater to maximize signal strength and ensure that the signal reached all phases of a three-phase electrical system. The receivers were A10 fixture module receivers (Model RF124). The coupler was an ACT Powerline Control Component (PCC) 120/208 VAC coupler/repeater (Model CR134).
Installation Chronology and Issues

The team proposed this off-the-shelf DR solution after the original development phase failed to produce a functional UL-listed solution. The hypothesis was that, under the right installation conditions, a combination of off-the-shelf technologies might serve as a cheap, simple solution for controlling loads in DR situations. The team acquired products from Universal Devices, Advanced Control Technologies, and SmartHome to test the setup at the CLTC, with the intention of carrying out field testing once the solution had been successfully demonstrated at the CLTC offices. 
The team plugged the Universal Devices ISY-99i into the CLTC computer network, configured it with a static IP address, and programmed it with control commands to test lighting loads. The team plugged the device into the SmartHome PLM and plugged the PLM into a wall outlet near the test computer. The team wired two ACT A10 Fixture Module Receivers (Model RF124) with compact fluorescent lighting loads and power connection. As per instructions, the team plugged these into wall power near the SmartHome PLM and programmed them with unique X10/A10 addresses. The ISY-99i successfully addressed the lighting loads in this configuration, allowing them to be switched on and off from the test computer.

As a further test, the team moved the lighting loads and relay receivers to outlets farther from the modem location. After this relocation (~10’ away), the ISY/PLM no longer successfully addressed the lighting loads, perhaps because of location on a different phase of the electrical system. Other tests showed that the system could address loads at some locations but not others, apparently independent of distance. 
The team installed the ACT Coupler/Repeater (model CR134) with three dedicated breakers on the electrical distribution panel (three-phase, 208VAC) in the CLTC offices. This device listens for incoming control messages (X10 or A10) on any phase in the electrical system, then rebroadcasts them as A10 messages on every phase, thus allowing X10/A10 communication across all phases of the electrical system. ACT technical representatives suggested that the coupler be installed as close to the electrical panel as possible to ensure maximum signal strength on all phases.

After installation of the coupler/repeater, the system was again able to address the loads but still only worked in certain locations. The team gave the SmartHome PLM a dedicated outlet tied to one of the breakers used by the coupler; the intention was to locate all of the X10/A10 transmission components as close together as possible to minimize chances for noise and interference in the electrical system. After this relocation, the system still successfully communicated with loads only intermittently; some days the loads could be shed, and some days they would not react to control signals. Sometimes the loads would respond on the opposite side of the building, but sometimes they wouldn’t react even when located within a very short distance of the transmitter (i.e., the PLM). 
To find an explanation for these erratic results, the team analyzed the communication signals using signal and noise testing equipment (ACT PCC Multi-Tester, Model AT004). A high level of noise found on some phases in the CLTC offices accounts for the fact that the system could address loads on certain outlets but not others. Similarly, computer power supplies can act as sinks that “suck up” X10/A10 signal and prevent it from getting to its intended location. This condition exists at the CLTC office (and likely any other office or commercial building) because of the large number of computers in constant operation.
Conclusions for Off-the-Shelf DR Solutions
Exploration of possible configurations of the proposed Universal Devices solution has shown unreliable communications in a small- to medium-size office environment. Despite configuration in a manner meant to minimize noise and interference, the solution functioned properly only intermittently and under very specific constraints, which is not sufficiently reliable for a cost-effective DR system.  The system was non-functional under normal daily operating conditions in the CLTC building, a space that is typical of small- to medium-sized office environments. 

The SmartHome PLM uses the X10 protocol, and the ACT PCC Multi-Tester uses the A10 protocol. The ACT PCC Multi-Tester can only send commands (It cannot receive a command from the ISY-99i.) and was able to communicate with the receivers more reliably than the SmartHome PLM. The SmartHome PLM is not available in an A10 protocol. Perhaps if it were, the system could communicate more reliably.  
2.3.    Conclusions and Recommendations

2.3.1. Conclusions 

Based on the market research, 289 MW of lighting load in California is estimated to be suitable for the CEDR technology to shed. This estimate is based on 100% market penetration. A more reasonable estimate is 7.8 MW demand savings.

 Within this research project, the functionality of CEDR was demonstrated in a test office. The CLTC demo office installation had all the elements of CEDR, reliably shedding the lighting load when commanded and not interfering with the lighting that it controlled. Also, within the project, the UL process was instigated for this product with the anticipation that UL certification will eventually be achieved. 

This research also showed the most promising DR load for CEDR is bilevel lighting based on the following: 

· No economically viable lighting retrofit DR solutions exist for bilevel switched lighting served by a single circuit breaker, according to the market industry survey. Typical solutions require replacing all the ballasts to be shed or shedding an entire lighting circuit breaker, which requires that each switch in the bilevel lighting be wired with separate circuits back to the lighting panel. A number of studies have proven the acceptability and effectiveness of shedding lighting load; the research team believes the chief impediment to significant retrofit adoption is lack of cost effectiveness.

· Only non-critical lighting loads will be placed under CEDR’s control, and safety features are built in to avoid turning off all the lights. Studies have shown that occupants are typically accepting of a lighting reduction if they know it is in response to an emergency. Bilevel lighting should be designed so the use of only one switch is viable for the occupants. The installer selects which switch is to be shed based on the needs of the users.

· Unlike thermostat setback DR, the effects of shedding lighting load do not decay over the course of the load shed. 

· Many programs exist to set back thermostats for DR, and the research team feels that approach is sufficiently well served and is not a prime candidate for CEDR. 

· There has been a lot of interest in shedding plug loads for DR, but studies to date have not shown sufficient economically suitable candidates. Most plug loads are too small, too vital, or may not be on during the DR event. 

· Large single-device loads like large water pumps are more economically shed with dedicated load-shed receivers that actuate existing device shut-down controls.

Key drivers of the market opportunity for CEDR were identified and include the following: 
· The need to reduce demand during peak times exists throughout California. 
· Seventy-three percent of existing office buildings have both bilevel switches turned on during peak hours, allowing CEDR to turn one off during demand crisis.
· Seventy percent of existing commercial lighting can use CEDR.
CEDR provides a viable business opportunity because of the high profit margin with little investment and a poorly served market with the following important facts:

· Installing bilevel switching is mandated by California Title 24 building standards, allowing CEDR to take advantage of existing infrastructure.
· The peak load problem is severe enough that utilities are paying a shed incentive of $250-300/kW to install the equipment and $96 per kW annually to allow them to trigger it. Thus, the CEDR sales price is independent of manufacturing costs.

· The utilities have an unmet mandate from the California Energy Commission to add substantially more load-shed capacity, so the business is regulation driven.

Further, it is assumed that a low-cost method of delivering the utility DR signal to commercial buildings will be selected from the many suitable alternatives under consideration by the utilities. The most likely method is a technology such as LBNL’s Clir Box (Client & Logic w/Integrated Relay). The Clir Box connects dry contacts to the Demand Response Automation Server (DRAS) via the Web and uses Web service technology to avoid the need for firewall modifications at the installation site. The cost of getting the signal from the building entry point to the lighting load center will be shared among all the lighting branches served by the load center. This cost may also be largely born by other DR-friendly measures such as smart meters and smart thermostats.
The key risk factor is that DR is an incentive-driven business, so variations in the rebate programs will dramatically affect the CEDR business model. Success of DR products like CEDR hinges on successful field trials, regulatory approvals of DR incentive programs, acceptability of load shedding by office occupants, and high volume sales to hold price points low. 

Although not necessarily mature, the DR market is fairly well-established with a number of growing, solvent companies actively promoting and participating in utility DR incentive programs. Also, electric utility DR incentive programs have been endorsed and institutionalized by the California Public Utilities Commission. The Commission requires IOUs to develop and implement DR programs and to recover program costs through customers’ utility rates. 

DR programs typically have a large minimum shed requirement that may exceed the lighting shed potential of an individual building. DR aggregators exist to allow smaller customers to participate. Smart meters are being deployed throughout California and have the potential to make participation in DR programs easier, more verifiable, and more cost-effective for both the utility and the smaller consumer. 

UL certification is essential to the success of this product because field demonstrations are essential to convince the DR community that CEDR is effective, to confirm occupant acceptance, and to show productivity is not negatively affected. Once approved by UL and validated by field trials, CEDR will be ready to be manufactured and sold. 

The key technical risk for CEDR is that power quality regulations are under discussion and may cause changes to the size of the phase cuts presently used in signaling. This may require a redesign to use smaller phase cuts.

2.3.2. Recommendations 

The main focus is to find a manufacturing partner to license the CEDR patents from the University of California. 

Another option is to work with an ESCo to participate in product commercialization with a startup manufacturing business. ESCos are an especially suitable partner or sales channel because they have a base of customers that typically do not have a lighting DR solution and should be receptive to expanding their DR participation. 

Other recommendations are to: 

· Continue with product development based on UL recommendations. Develop a set of hardware that demonstrates the principles and functionality with an installed price that is economical for at least the best cases. 

· Find, install, and monitor several field test sites. Record the installation times, and refine the estimates for calculating payback periods. Create case studies based on the test site results. 

· Focus on the bilevel switching receiver and delay development of the wall plug and power supply (also known as wall warts) receivers that may not be economically viable at this time.

· Focus on large commercial office buildings as the best economic fit. Large open offices have a favorable ratio of ballasts per bilevel switch, which minimizes the number of CEDR Receivers required. 277 V lighting is common, which more than doubles the payback compared to 120V. Large office buildings typically have multiple lighting circuits in the same panel, minimizing the wiring required between the device that receives the shed signal from the utilities and multiple CEDR senders. 

· Work with a manufacturer of wall switches to integrate the CEDR receiver with dual switches as a drop-in replacement for bilevel switches. Work with a manufacturer of circuit breakers to integrate the CEDR sender into a snap-in 16 A circuit breaker. The signaling element of the CEDR sender would have to be redesigned to dissipate less heat. Together, these changes would make installing CEDR in retrofit or new applications very fast, easy, and inexpensive. 

Once CEDR is a commercially available product, it would be a viable DR candidate for the California Investor-Owned Utilities’ Emerging Technologies Programs. 

Glossary

Specific terms and acronyms used throughout this work statement are defined as follows: 

	Acronym
	Definition

	AC
	Alternating current

	ACT
	Advanced control technologies

	AEC
	Architectural Energy Corporation

	ADM 
	ADM Associates. Inc.

	ALCS
	Advanced Lighting Controls Systems

	ANSI
	American National Standards Institute

	BIP
	Base interruptible programs

	CALMAC
	California Measurement Advisory Council

	Commission
	California Energy Commission

	CEDR
	Cost-Effective Demand Response

	CLTC
	California Lighting Technology Center

	CF
	Compact fluorescent

	DC
	Direct current

	DR 
	Demand response

	EMC
	Electromagnetic compatibility 

	ESCO
	Energy service company

	FC 
	Foot-candles

	FFT
	Fast Fourier Transform

	GW
	Gigawatt

	ECC
	Energy Efficiency Center

	IEC
	International Electrotechnical Commission

	IEEE
	Institute of Electrical and Electronics Engineers

	IES
	Illuminating Engineering Society

	IOU
	Investor-owned utility

	IR
	Infrared

	LBNL
	Lawrence Berkeley National Laboratory 

	LCF
	Lighting California’s Future

	LPD
	Lighting power density

	kW 
	Kilowatt

	kWh 
	Kilowatt-hour

	M&V
	Measurement & Verification

	MW
	Megawatt

	MWh
	Megawatt hour

	N/A
	Not available

	NCPA
	Northern California Power Agency

	OPOD
	Office of the future

	PCC
	Powerline control component

	PIER
	Public Interest Energy Research

	PG&E
	Pacific Gas and Electric Company

	PLC
	Powerline Communications

	PLM
	SmartHome Powerline Modem

	Rms
	Root mean squared

	SCE
	Southern California Edison

	SCPPA
	Southern California Public Power Authority

	SCR
	Silicone-controlled rectifier

	SDG&E
	San Diego Gas & Electric Company

	THD
	Total harmonic distortion

	TIP
	Technology incentive program

	Title 24
	California Code of Regulations, known as the California Building Standards Code

	TOU
	Time of use (electricity rate)

	TRIAC
	Triode alternating current

	UCC.1
	Uniform Commercial Code (Financing Statement)

	UL
	Underwriter Laboratories

	VC
	Venture Capitalist

	Vdc 
	Volts Direct Current

	V
	Volt

	W
	Watts

	W/sqft
	Watts per square foot


[image: image10.emf]Plug Load circuit  examples

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

120 1.920 100% 1.920 1 1.920 $213 $213 $184 0.00 $553 $91.15 $20

120 1.920 50% 0.960 1 0.960 $213 $213 $92 0.00 $276 $182.29 $39

120 1.920 25% 0.480 1 0.480 $213 $120 $46 2.01 $46 $364.58 $78

120 1.920 10% 0.192 1 0.192 $213 $48 $18 8.92 -$109 $911.46 $195

120 1.920 100% 1.920 4 0.480 $329 $329 $184 0.00 $553 $122.40 $49

120 1.920 50% 0.960 4 0.240 $329 $240 $92 0.96 $188 $244.79 $98

120 1.920 25% 0.480 4 0.120 $329 $120 $46 4.53 -$71 $489.58 $195

120 1.920 10% 0.192 4 0.048 $329 $48 $18 15.23 -$225 $1,223.96 $488

Small Office Lighting  examples Based on assumption of 315W per office

Mains voltagekW total lighting load % sheddable kW sheddable

# T-24 switches 

(Two switch set)

kWatts 

Shed per 

switch Installed cost

Allowed 

TIP RebateBIP / year

Simple 

Payback Years 3 year net

CEDR hardware cost  

/ sheddable kW

CEDR installation 

cost / sheddable kW

277 4.432 66% 2.925 14 0.209 $716 $716 $281 0.00 $842 $148.71 $96

277 4.432 50% 2.216 14 0.158 $716 $554 $213 0.76 $476 $196.30 $127

277 4.432 33% 1.463 14 0.104 $716 $366 $140 2.50 $71 $297.42 $192

277 2.216 66% 1.463 7 0.209 $445 $366 $140 0.57 $342 $201.70 $103

277 2.216 50% 1.108 7 0.158 $445 $277 $106 1.58 $151 $266.25 $135

277 2.216 33% 0.731 7 0.104 $445 $183 $70 3.73 -$52 $403.40 $205

120 1.920 66% 1.267 6 0.211 $406 $317 $122 0.74 $276 $217.01 $104

120 1.920 50% 0.960 6 0.160 $406 $240 $92 1.80 $110 $286.46 $137

120 1.920 33% 0.634 6 0.106 $406 $158 $61 4.07 -$65 $434.03 $207

120 0.960 66% 0.634 3 0.211 $290 $158 $61 2.16 $51 $339.33 $118

120 0.960 50% 0.480 3 0.160 $290 $120 $46 3.69 -$32 $447.92 $156

120 0.960 33% 0.317 3 0.106 $290 $79 $30 6.93 -$120 $678.66 $237

Appendix: Potential Economics for CEDR
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� � HYPERLINK "http://www.calmac.org/publications/CA_EEPotV1.pdf" ��http://www.calmac.org/publications/CA_EEPotV1.pdf�


� http://www.seia.org/galleries/pdf/2008_Year_in_Review-small.pdf


� Lighting Controls Effectiveness Assessment, Final Report on Bi-Level Lighting Study, May 2002, Prepared by ADM Associates Inc. for Heschong Mahone Group under the California Statewide MA&E Program on behalf of Southern California Edison and the California Energy Commission.


� http://www.fypower.org/flexalert/demand_resp_programs.html


� TRIAC means triode for alternating current and is an electronic component that results in a bidirectional electronic switch that can conduct current in either direction when turned on. 
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_1348639966.xls
CEDR Payback

		CEDR economics summary

		PG&E programs

		E-BIP		PG&E, SCE and SDGE.  Base Interruptible Program

				http://www.pge.com/tariffs/doc/E-BIP.doc

				average monthly demand of 100 kilowatt (kW) or more and potential load reduction of 100kW or more.  Aggregators allowed.

		$/kW-yr		Potential Load Reduction		Monthly Incentive

		$96		100 kW to 500 kW		$8.00/kW

		Technology Incentive Program

				http://www.pge.com/biz/demand_response/technology_incentive/index.html

		$/kW		maximum demand greater than or equal to 200 kW

		$250		PG&E Rebate $250 per kilowatt of verified load reduction capability associated with the installation of equipment

		$300		SCE Rebate $300 per kilowatt of verified load reduction capability associated with the installation of equipment, must include EMS.

						sell price		labor hours		labor rate		Total installed cost, each device

		CEDR Sender, 20A				$155		0.25		$75.00		$173.75

		CEDR T-24 Receiver, 10A				$20		0.25		$75.00		$38.75

		CEDR Outlet Receiver, 10A				$20		0.25		$75.00		$38.75

		CEDR sell prices are retail, estimated by Joel Snook, NEV, based on materials cost for receivers and comparison to Lutron Nova N-2000 for sender.

		CEDR installation time and electrician rates estimated by Jim Benya, Benya Lighting, based on experience.

		Open office lighting circuit with T-24 switch(s) examples

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		277		3.102		44%		1.365		2		0.683		$251		$251		$131		0.00		$393		$142.85		$41

		277		4.432		66%		2.925		2		1.463		$251		$251		$281		0.00		$842		$66.66		$19

		277		4.432		50%		2.216		2		1.108		$251		$251		$213		0.00		$638		$88.00		$25

		277		4.432		33%		1.463		2		0.731		$251		$251		$140		0.00		$421		$133.33		$38

		277		2.216		66%		1.463		2		0.731		$251		$251		$140		0.00		$421		$133.33		$38

		277		2.216		50%		1.108		2		0.554		$251		$251		$106		0.00		$319		$175.99		$51

		277		2.216		33%		0.731		2		0.366		$251		$183		$70		0.97		$142		$266.66		$77

		120		1.920		66%		1.267		2		0.634		$251		$251		$122		0.00		$365		$153.88		$44

		120		1.920		50%		0.960		2		0.480		$251		$240		$92		0.12		$265		$203.13		$59

		120		1.920		33%		0.634		2		0.317		$251		$158		$61		1.53		$90		$307.77		$89

		120		0.960		66%		0.634		2		0.317		$251		$158		$61		1.53		$90		$307.77		$89

		120		0.960		50%		0.480		2		0.240		$251		$120		$46		2.85		$7		$406.25		$117

		120		0.960		33%		0.317		2		0.158		$251		$79		$30		5.66		-$81		$615.53		$178

		Plug Load circuit  examples

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		120		1.920		100%		1.920		1		1.920		$213		$213		$184		0.00		$553		$91.15		$20

		120		1.920		50%		0.960		1		0.960		$213		$213		$92		0.00		$276		$182.29		$39

		120		1.920		25%		0.480		1		0.480		$213		$120		$46		2.01		$46		$364.58		$78

		120		1.920		10%		0.192		1		0.192		$213		$48		$18		8.92		-$109		$911.46		$195

		120		1.920		100%		1.920		4		0.480		$329		$329		$184		0.00		$553		$122.40		$49

		120		1.920		50%		0.960		4		0.240		$329		$240		$92		0.96		$188		$244.79		$98

		120		1.920		25%		0.480		4		0.120		$329		$120		$46		4.53		-$71		$489.58		$195

		120		1.920		10%		0.192		4		0.048		$329		$48		$18		15.23		-$225		$1,223.96		$488

		Small Office Lighting  examples				Based on assumption of 315W per office

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		277		4.432		66%		2.925		14		0.209		$716		$716		$281		0.00		$842		$148.71		$96

		277		4.432		50%		2.216		14		0.158		$716		$554		$213		0.76		$476		$196.30		$127

		277		4.432		33%		1.463		14		0.104		$716		$366		$140		2.50		$71		$297.42		$192

		277		2.216		66%		1.463		7		0.209		$445		$366		$140		0.57		$342		$201.70		$103

		277		2.216		50%		1.108		7		0.158		$445		$277		$106		1.58		$151		$266.25		$135

		277		2.216		33%		0.731		7		0.104		$445		$183		$70		3.73		-$52		$403.40		$205

		120		1.920		66%		1.267		6		0.211		$406		$317		$122		0.74		$276		$217.01		$104

		120		1.920		50%		0.960		6		0.160		$406		$240		$92		1.80		$110		$286.46		$137

		120		1.920		33%		0.634		6		0.106		$406		$158		$61		4.07		-$65		$434.03		$207

		120		0.960		66%		0.634		3		0.211		$290		$158		$61		2.16		$51		$339.33		$118

		120		0.960		50%		0.480		3		0.160		$290		$120		$46		3.69		-$32		$447.92		$156

		120		0.960		33%		0.317		3		0.106		$290		$79		$30		6.93		-$120		$678.66		$237
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CEDR Payback

		CEDR economics summery				rev 2.7 J.S. 12/03/07

		PG&E programs

		E-BIP		PG&E, SCE and SDGE.  Base Interruptible Program

				http://www.pge.com/tariffs/doc/E-BIP.doc

				average monthly demand of 100 kilowatt (kW) or more and potential load reduction of 100kW or more.  Aggregators allowed.

		$/kW-yr		Potential Load Reduction		Monthly Incentive

		$96		100 kW to 500 kW		$8.00/kW

		Technology Incentive Program

				http://www.pge.com/biz/demand_response/technology_incentive/index.html

		$/kW		maximum demand greater than or equal to 200 kW

		$250		PG&E Rebate $250 per kilowatt of verified load reduction capability associated with the installation of equipment

		$300		SCE Rebate $300 per kilowatt of verified load reduction capability associated with the installation of equipment, must include EMS.

						sell price		labor hours		labor rate		Total installed cost, each device

		CEDR Sender, 20A				$155		0.25		$75.00		$173.75

		CEDR T-24 Receiver, 10A				$20		0.25		$75.00		$38.75

		CEDR Outlet Receiver, 10A				$20		0.25		$75.00		$38.75

		CEDR sell prices are retail, estimated by Joel Snook, NEV, based on materials cost for receivers and comparison to Lutron Nova N-2000 for sender.

		CEDR installation time and electrician rates estimated by Jim Benya, Benya Lighting, based on experience.

		Open office lighting circuit with T-24 switch(s) examples

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		277		3.102		44%		1.365		2		0.683		$251		$251		$131		0.00		$393		$142.85		$41

		277		4.432		66%		2.925		2		1.463		$251		$251		$281		0.00		$842		$66.66		$19

		277		4.432		50%		2.216		2		1.108		$251		$251		$213		0.00		$638		$88.00		$25

		277		4.432		33%		1.463		2		0.731		$251		$251		$140		0.00		$421		$133.33		$38

		277		2.216		66%		1.463		2		0.731		$251		$251		$140		0.00		$421		$133.33		$38

		277		2.216		50%		1.108		2		0.554		$251		$251		$106		0.00		$319		$175.99		$51

		277		2.216		33%		0.731		2		0.366		$251		$183		$70		0.97		$142		$266.66		$77

		120		1.920		66%		1.267		2		0.634		$251		$251		$122		0.00		$365		$153.88		$44

		120		1.920		50%		0.960		2		0.480		$251		$240		$92		0.12		$265		$203.13		$59

		120		1.920		33%		0.634		2		0.317		$251		$158		$61		1.53		$90		$307.77		$89

		120		0.960		66%		0.634		2		0.317		$251		$158		$61		1.53		$90		$307.77		$89

		120		0.960		50%		0.480		2		0.240		$251		$120		$46		2.85		$7		$406.25		$117

		120		0.960		33%		0.317		2		0.158		$251		$79		$30		5.66		-$81		$615.53		$178

		Plug Load circuit  examples

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		120		1.920		100%		1.920		1		1.920		$213		$213		$184		0.00		$553		$91.15		$20

		120		1.920		50%		0.960		1		0.960		$213		$213		$92		0.00		$276		$182.29		$39

		120		1.920		25%		0.480		1		0.480		$213		$120		$46		2.01		$46		$364.58		$78

		120		1.920		10%		0.192		1		0.192		$213		$48		$18		8.92		-$109		$911.46		$195

		120		1.920		100%		1.920		4		0.480		$329		$329		$184		0.00		$553		$122.40		$49

		120		1.920		50%		0.960		4		0.240		$329		$240		$92		0.96		$188		$244.79		$98

		120		1.920		25%		0.480		4		0.120		$329		$120		$46		4.53		-$71		$489.58		$195

		120		1.920		10%		0.192		4		0.048		$329		$48		$18		15.23		-$225		$1,223.96		$488

		Small Office Lighting  examples				Based on assumption of 315W per office

		Mains voltage		kW total lighting load		% sheddable		kW sheddable		# T-24 switches (Two switch set)		kWatts Shed per switch		Installed cost		Allowed TIP Rebate		BIP / year		Simple Payback Years		3 year net		CEDR hardware cost  / sheddable kW		CEDR installation cost / sheddable kW

		277		4.432		66%		2.925		14		0.209		$716		$716		$281		0.00		$842		$148.71		$96

		277		4.432		50%		2.216		14		0.158		$716		$554		$213		0.76		$476		$196.30		$127

		277		4.432		33%		1.463		14		0.104		$716		$366		$140		2.50		$71		$297.42		$192

		277		2.216		66%		1.463		7		0.209		$445		$366		$140		0.57		$342		$201.70		$103

		277		2.216		50%		1.108		7		0.158		$445		$277		$106		1.58		$151		$266.25		$135

		277		2.216		33%		0.731		7		0.104		$445		$183		$70		3.73		-$52		$403.40		$205

		120		1.920		66%		1.267		6		0.211		$406		$317		$122		0.74		$276		$217.01		$104

		120		1.920		50%		0.960		6		0.160		$406		$240		$92		1.80		$110		$286.46		$137

		120		1.920		33%		0.634		6		0.106		$406		$158		$61		4.07		-$65		$434.03		$207

		120		0.960		66%		0.634		3		0.211		$290		$158		$61		2.16		$51		$339.33		$118

		120		0.960		50%		0.480		3		0.160		$290		$120		$46		3.69		-$32		$447.92		$156

		120		0.960		33%		0.317		3		0.106		$290		$79		$30		6.93		-$120		$678.66		$237
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