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Lighting controls can play a major role in reducing electrical lighting energy use to help reach EISA’s Net Zero energy targets. Although recent advances in energy codes and the accelerated adoption of sustainable design practices for Federal buildings, have improved the penetration of lighting controls, they are only mandated for new construction, and their full energy-saving potential has not been realized. In today’s buildings, lighting accounts for 38% of the building site electrical use, and 20% of the site energy use (Energy Information Administration, CBECS 2003).  According to the EIA’s 2003 CBECS report, only 7% of the commercial building floor space utilizes energy management and control systems for lighting, and only 4% of the floor space utilizes daylight sensors. (Table b44)  
Vision 2050

To reach NZ goals, we need to make major strides with penetrating the market using today’s technologies that work and save energy, increase use of technologies that work today, but are limited in acceptance and application, and dedicate research and demonstration resources for proving the effectiveness of new technologies that can have a major impact. By 2050 we envision that the majority of the existing building stock will be retrofitted with new lighting and control technologies, and all new construction will use the latest lighting and control technologies and strategies. Elements of the lighting system will be “smart” and energy use will be monitored at the device, room, and building level. Control devices will consume little-to-no power. All buildings will use automatic lighting controls for turning lighting off or reducing lighting power when not needed in all interior and exterior spaces, will provide personal controls for office and workstation occupants, and will have seamless capability for reducing lighting system load upon demand. Sensors will be embedded in the environment to learn user’s preferences, and the system will anticipate user’s needs and personalize the environment by adapting light scenes for activity type, time of the day, room temperature, occupancy, day light, glare, eye sight, and mood. Applied systems and technologies will vary, depending on whether a building has been retrofitted, is newly constructed, or is designed to optimize daylight. Building energy performance will be evaluated based upon annual energy use per square foot, rather than using prescriptive measures for specific building systems and envelope.
Technology Assessment – Lighting Controls
1-2 Pages
Base technologies 
Dorene
Base lighting control technologies are those that are widely accepted into today’s market, and include programmable lighting control relay panels, controllable circuit breakers and contactor panels, timer switches, and manual switching and dimming strategies.  These technologies are offered by many manufacturers, are proven to work, and have become commodities. Their use and application is primarily driven by a need for meeting mandatory energy code requirements at the lowest cost, rather than by end-user desire to maximize energy savings or provide personal control for occupants.  

Key Technologies

Key technologies are those that provide high value, have proven energy-saving track record, and have a competitive market. These include occupancy sensors, and scene-based programmable dimming systems. According to Frost & Sullivan’s 2008 market report, occupancy and daylight sensors are the largest growing lighting control category and are projected to grow at 14% CAGR between 2008 and 2013. Their historical growth can be attributed to these technologies being required as part of energy codes, and encouraged as part of sustainable building design practices. 
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Pacing technologies

Pacing technologies are those that have demonstrated their potential for changing the market and saving energy beyond the base technologies, but aren’t widely used in practice. In other words, they are market-ready, but haven’t been widely received. These include the following:

· photosensors,
· dimming ballasts, 
· personal controls, 
· systems that combine individual key and base technologies into one system that self configures, and is simple to install,
· systems that monitor, report, and profile lighting energy use at the room and building level, and
· controllers for integrating lighting systems with other building systems 
Aside from personal control, the reasons that these technologies haven’t been widely accepted include cost, technical complexity, applications complexity, and perceptions that the technology is not reliable. Personal controls are not widely used because they are viewed as a superfluous expense, rather than as an energy saving tool. Although the energy saving benefits of personal control has been documented (cite NCAR, NRC, other….), their energy-saving benefit and overall value has not been well understood, or communicated to owners and end users. 
Emerging Technologies

Emerging technologies are those that have not fully demonstrated their potential for saving energy, are not fully reliable, and not completely accepted by the market. These include net zero energy devices, wireless control, ubiquitous sensors, demand management systems, intelligent lighting control systems, performance measurement systems, and controlling lighting plug loads. The reasons that these technologies haven’t been widely accepted include initial cost and lack of life cycle cost information, technical complexity, applications complexity, and perceptions that the technology is not reliable.
Several technical, cultural and policy gaps, and market barriers have to be addressed to make lighting controls an indispensable part of net zero energy commercial buildings. These are discussed in the following section. Solutions for overcoming these gaps and barriers will need to be market, application, and demonstration focused for key and pacing technologies, and research and development-focused for emerging technologies. 
Technical Gaps and Barriers

Net Zero Energy Devices

Many lighting control devices such as power packs, sensors, LED drivers, or any device using an illuminated indicator light, draw power when operating, and when in stand-by mode. The power draw can be between xx and xxx watts per device, when increases substantially when considering the volume of products used in a project. Eliminating, or minimizing, the power consumption of these devices, is critical to the success of net zero buildings.  This requires a combination of effective energy harvesting techniques, such as micro fuel cells or photovoltaics, coupled with storage technologies such as batteries. These technologies need to be developed further to address long lifetime and cost effectiveness aspects. Coupled with these, power conversion circuits and systems with high efficiency and long lifetime will need to be developed. 
Intelligent, Networked Lighting Controls and Advanced Sensors

Intelligent, networked control systems that enhance the quality, reliability and efficiency of lighting systems, provide continuous feedback on system operation, and integrate with other building systems are essential for maximizing energy savings and occupant comfort, and minimizing building operating and management costs. These systems require a software platform and communication backbone, together with intelligent sensing and switching devices. Lighting controls have yet to fully exploit the advances in, and advantages of, networking technologies.  

It is widely acknowledged that maximum value for building owners, operators and occupants can be extracted if all of the building components and subsystems (e.g. lighting, HVAC, shading, climate control, audiovisual subsystem, access control, security, onsite power generation, plug-in hybrid electric vehicles, and emergency response) are fully integrated and jointly optimized.  This whole-buildings integrated approach involves radically new interdisciplinary activities across planning, design, equipment and material selection, construction, commissioning, operation and maintenance to make optimal use of natural (e.g. daylight) and human made systems.  The benefits of user comfort, enhanced productivity, energy efficiency, sustainable resource utilization, cost-effectiveness, return-on-investment and lifecycle value offered by integrated controls of all the subsystems needs to be fully explored and quantified.  
The progress on software development, which is vital for designing sophisticated systems that can be reliably installed in buildings and achieve significant energy savings, has been very slow due to industry fragmentation and lack of agreement on one or more industry-accepted communication platforms.  Legacy 0-10v analog and DALI dimmers haven’t been able to make a dent in the commercial building market mainly due to higher costs and commissioning complexity.  Penetration of DALI as a lighting control protocol has also been inhibited by the fact that it is designed primarily for dimming ballasts, not for sensors and it requires additional wiring which increases the cost.  Sophisticated control systems tend to be complex and require highly skilled installers, commissioning engineers and labor intensive processes which add to the overall cost and slow down adoption.  Developing self-configuring standardized protocols and advanced tools would make the process of installation and commissioning friendly to non-experts, and easy for electricians.
Wireless

Despite many virtues of wireless technologies (e.g. cost-effective deployment in legacy building where rewiring could be cost prohibitive), the lighting control industry has been slow with embracing it due to reliability and interference concerns.  Availability of open standards, software protocol stacks and chipsets haven’t been able to accelerate the market uptake.  Advances in opportunistic spectrum access technologies and progressive regulatory policies could mitigate spectrum crowding and interference issues.  Breakthroughs in high performance low-power radios and scalable network architecture could expand the coverage of wireless lighting controls networks to the entire building.  Large scale wireless lighting control demonstration projects would help alleviate scalability and integrity concerns and establish wireless technology as a reliable solution for connectivity.  Proven cost-effective wireless technology, improvements in energy harvesting sensors and advances in battery technology are needed to make wireless a preferred choice for lighting controls.

Performance monitoring, tracking, reporting and profiling 

Determining the standardized methods for measuring the performance of lighting control technologies over time is critical for auditing, benchmarking, performance comparisons, reporting and documentation.  In the near term, the focus should be on development of continuous performance monitoring tools, sensors, algorithms, and metrics that would enable detailed metering, performance analysis and optimization.  In addition to that decision support tools need to be developed for load prediction, strategy optimization and demand response planning purposes. 
In future, automated continuous commissioning tools would be designed to track real-time performance of lighting system, detect anomalies causing energy wastage, identify any faults and diagnose any system level problems.  To further improve overall system control and operations, the optimal operational parameters, strategies and schedules would be decided based on actual facility needs, current occupancy requirements, weather conditions, onsite power generation and demand management policies.  Maintenance crews would be automatically alerted by the system to reduce system downtime.  Lamp runtime tracking and battery level monitoring would facilitate scheduled maintenance.  Thus, the paradigm will shift from reactive maintenance to cost-effective proactive maintenance.  
A national repository should be created for storing life cycle performance and cost assessments of representative lighting and energy management technologies operating in a range of building types and climate zones.  Public and private sector initiatives for on-going benchmarking, verification of savings and validation of control strategies would boost the adoption of latest lighting control technologies.  

Demand management

Development of novel demand management strategies and simulation tools focusing on lighting controls and pilot programs quantifying their performance would strengthen the role of lighting controls.  In parallel, the sensitivity of demand management strategies to changes in weather, daylight and occupancy dynamics should be investigated.   Research and cooperation among stakeholders are needed to define the information models for real-time information exchange between lighting systems, utilities, and smart grid. .  

DC micro-grid

Today the power is supplied to lights and control equipments in the form of AC.  Given the proliferation of laptops, computers, servers and networking equipments, emergence of SSL, rise of solar power and the expected growth in electric vehicles, all of which are inherently DC driven, it would be beneficial to develop DC micro-grids for commercial buildings.  DC micro-grids would fundamentally change the way power is supplied in commercial buildings, eliminate DC-AC-DC conversions, simplify equipment designs and layouts, and save energy.  Technical assessment of the requirements is needed to derive the specification of DC micro grid.  The micro-grid architecture needs to address emerging lighting (SSL) as well as internet connected appliances while clearly pointing out the benefits in terms of energy savings, lifecycle cost savings and flexibility.

Standards

Lack of universal standards for integrated lighting controls will lead to a fragmented market full of high cost, proprietary and incompatible solutions, and the shortage of skilled professionals.  The vision of fully integrated commercial building would not be realized without scientifically sound standards that support ‘plug and play’ interoperability. It is unlikely that one standard would address all the requirements hence, a suite of standardized protocols, data structures, control parameters, interfaces and interoperability profiles for communications and information exchange between individual components and subsystems throughout a building needs to be developed.  Strategic partnerships, collaboration and cooperation cutting across industry domains, academic and governmental institutions, regulators and policy makers are essential to undertake this endeavor.

Simulation tools

Because field measurements and demonstrations are expensive and time consuming, simulations will play key role in studying energy, economic, environmental impact of integrated lighting control systems.  Existing simulation tools are inadequate to handle the complexities of the advanced lighting control technologies and interdependencies among integrated systems.  More R&D is needed to fill these gaps and to develop a comprehensive simulation tool that can perform the complete life cycle impact assessment of not only lighting control systems but also include the broader impact on other building subsystems (e.g. HVAC).  

When used in a real building, such a tool can utilize the real-time information about the building subsystems, occupancy and weather condition to produce necessary visual feedback to the facilities manager and send control signals to actuators to further optimize the overall system performance.
Plug Load Control
Minimizing energy used by plug loads is crucial for meeting net zero energy goals. For lighting, this means controlling task lights and other plug-in portable lamps. Few technologies exist on the market today that elegantly turn plug loads off when not in use, or needed. NEEDS ELABORATION
Controls for SSL

Widely anticipated penetration of SSL requires development of novel digital control methodologies which can not only enable dimming but also scene setting, color temperature control and desired distribution within the space while maintaining energy efficiency and lamp life.  Longevity of SSL brings about the need for long lasting drivers and control gear. New technologies are needed for designing reconfigurable systems that can be easily adapted to changes in layouts and usage patterns over its lifetime.  In the long run, penetration of SSL in commercial buildings will permanently change the lighting control landscape.

Cultural Gaps and Barriers- Richard
There are many cultural gaps and barriers that need to be overcome for improving the penetration of key and pacing lighting control technologies. These occur at all stages of the project design, specification, and delivery process. 
Owner issues (cost)
· Building owners want a ‘reasonable’ return on any investment, including improvements in energy efficiency. Despite encouragement and recommendations to make decisions based upon life cycle costing, owners remain committed to making decisions based upon first cost and simple payback. Building owners also are hesitant to hire specially trained personnel to ensure that lighting control systems continue to operate effectively. Therefore, control technologies must be easy to install, operate, and maintain.
· Next is the differential between who pays these first costs and who benefits from the energy savings.  This differential typically results in even shorter payback requirements.[Richard, not sure of what you meant here] 

· Typically owners are unaware of how energy is used by various components of their buildings or what energy is being wasted due to a condition that might be easily remedied.

Design/Specification issues
· Lack of consistency between states leads to confusion about what is required by code, and what is not. Designers spend valuable “billable” hours researching and understanding energy codes for their projects. Currently, there are four different versions of 90.1 and IECC.  
· Uncertainty exists between the use of automatic controls and manual overrides.  Principles have not been firmly established regarding occupant acceptance regarding the level and rate of dimming; this issue is then in conflict with the concern that manual controls will be used too often, eliminating the energy savings.

· Zoning logistics can be an issue.  Depending on the type of ballast, zoning can be a labor intensive process; this can be especially true for a renovation where the use of the space has changed.

· Changes in color appearance during dimming of some source types.

· Concern over reductions in lamp life due to more frequent on/off cycles.Program start ballasts were developed to overcome this issue, however, they must be specifically specified on the project for them to show up on the job. Low cost instant start ballasts are shipped as standard with most fluorescent luminaires.
· Concern over a loss of efficacy during dimming, and increased energy use at full power when dimming ballasts are used. Additional power is needed to heat the cathodes for fluorescent dimming ballasts. This results in higher energy use, relative to non dimming ballasts, when lamps are operated at full power. 
· In an attempt to keep control of costs, too few sensors may be specified in open office areas.

Distribution/Commissioning Model
User issues
· When not applied, installed, or commissioned correctly, lighting controls are frequently short-circuited by building occupants or the maintenance people that have to field their complaints; e.g. photocells are taped-over, blinds are left permanently closed, sensitivities maxed out and sensors are disabled or even removed.

· Sensor location can become a problem as furniture is moved around after installation.
Installation Training/Commissioning issues
· Commissioning is viewed as prohibitively expensive and frequently not performed; this results in legitimate user issues and owner disappointment.

· Installation of lighting controls in a retrofit is limited due to perceived hassles and added costs.

· Sensor placement is a bit of an artform.

· There is, at least, a perceived lack of guidelines regarding the proper cabling or wiring installation of some components.

· As-built drawings are rarely accurate and then frequently not modified when changes are made to the building.

· Night time installations of retrofits means the manufacturer is probably not available for consultation when problems arise.

Maintenance/Operations/Recommissioning issues
Policy Gaps– RE lighting controls concerning:

1. Building codes/standards - Michael
a. Content –require control of emergency lighting – off at night and when not in emergency state
b. adoption of these codes

c. enforcement of these codes

d. Expanding codes to apply to tenant renovation and fit-up

e. Energy monitoring, reporting, and profiling
2. Legislation

3. Environmental Policies - Dorene
a. Building/system Labeling?

b. Carbon footprint assessment/Cradle-to-Cradle/LCA
4. Market-based Programs
a. Energy Star 

b. Energy Star Buildings

c. Utility Incentive programs – Michael/Dorene
Recommendations -
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5. Technology improvements – Gert 
a. On-going benchmarking performance/measurement/verification of savings/performance 
b. Lighting information model for monitoring

c.  RD&D priorities and other focused innovation mechanisms 

i. Put as much money into lighting control technology development as SSL program

1. Team industry with government
Recommendation for intelligent lighting controls – pulled from Philips write up

In the short term, incremental advances in self-contained, sensors along with development of intelligent algorithms to extract meaningful information from sensor data would significantly improve the overall light management system performance.  In the longer term, innovative self-calibrating, self powered (energy harvesting) and fully integrated tiny sensors would become ubiquitous throughout the commercial building enabling distributed intelligence. For example, nonintrusive, automated and reliable glare sensing technology can dramatically improve the level of performance and acceptance of daylight harvesting lighting and shading systems by automatically adjusting window glazing to mitigate glare, and adjusting electric lighting to maintain visual comfort.  
Building-wide networked lighting control systems are starting to emerge on the horizon but yet to find a foothold in the market.  Leveraging commercial of the shelf technologies (e.g. LAN and IP) to address the connectivity challenges would entail economics of scale, availability of skilled manpower and compatibility with existing IT infrastructure thereby fostering the market adoption.  Obtaining buy-in from the building IT management is crucial for having LAN and IP-based control solutions accepted.
Extending the networked control paradigm beyond one building would facilitate enterprise-wide lighting management systems and services deployed over the internet.  Enterprise-wide lighting controls spanning across the geographical boundaries would fundamentally alter the way lighting controls are designed, developed, operated and managed in the future.  However, further investment in research and development is needed to exploit these value propositions in commercial building landscape. 
Initial efforts can be directed towards development of tools, strategies, framework and pilot projects for integrated closed-loop lighting, HVAC and shading systems compatible with the smart grid.  In parallel, the implementation of demand response and load shedding strategies over integrated building management systems should be undertaken to be followed later by larger scale integration of other subsystems, demonstrations and market transformation strategies.

6. Culture/Market Acceptance - Richard
a. Accelerated adoption and propagation of the technologies through enhanced institutional policies and programs i.e. do we have any suggestions about bridging the gaps identified in 2.b and 2.c above

Cultural

· Case Studies – customers want proof of economic claims and technological acceptability. Case studies showing the economic and visual benefits of lighting controls must be developed, well publicized and made readily available to owners, specifiers, DSM program developers, code development organizations, government procurement groups and ESCOs.  These case studies must show (i) economic benefits, (ii) technological maturity, (iii) previous market success and (iv) user acceptance and do so in a robust, statistically significant manner.

· Best Practices

· Specifiers and installers need consensus based, best practice documents explaining which technologies are most appropriate given (i) the application, (ii) where they are to be installed and (iii) the desired features.  These documents must include guidelines on installation and commissioning and must differentiate between market segments and space type.

· Likewise, best practice documentation should be generated for the manufacturers detailing the installation, wiring and maintenance requirements of their products.

· Training – building occupants need to be trained on how to use their lighting controls and the costs involved with short-circuiting them.  But this must be joined with an effort to solicit and act on feedback from those occupants with legitimate problems with their lighting controls.

· Documentation – manufacturers should include labeled circuit schmatics on the devices or in the packaging identifying the signals and/or function of all electrical connections.

b. Policy/Programs - What policies/programs are recommended for reaching NZ goals?  Richard/Dorene
i. Building codes/standards - 
1. Recommendations for code/standards improvements

a. National adoption of a  EE code with HPB standards employed, so that there’s consistency and optimized EE performance
· Measuring the use of electricity broken down by load type (e.g. internal lighting vs. HVAC, etc.) should be mandated by energy code.

· Commissioning (pre- and post-) should be mandated by energy code.

· Minimum documentation requirements should be mandated by energy code.

2. Which is better from a technology perspective? Performance-based policies or prescriptive? [kWh/SF]
3. National code vs. State Codes..???

ii. Program to build a national database of information on energy savings from lighting controls. Buildings monitor performance and feed into a national buildings performance database.
TIMELINE
July 27 
Finalized outline with writing assignments distributed to team

Aug 4
Progress check – Conference call to review writing progress

Aug 11
Section drafts due to Dorene for collation into complete draft report

Aug. 18
Collated draft report distributed to team for final review

Aug 25
Receive team comments on comprehensive draft, review/revise accordingly

Aug 27
Send finalized draft to team for final review

Aug 30
All final comments due to Dorene

Aug 31
Completed working group report send to ASE

End of Sept – Final report to DOE

Take the one that gets you 20% and get it into the market more.
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