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Welcome to this Conservation Applied Research and Development (CARD) Webinar, “Improve your commercial light levels and save on cost”.

Thanks so much for joining us today. We hope you and your families are continuing safe and healthy.

Also, we want to thank you in advance for your patience with any technical difficulties we might have related to the fact that all of our presenters are connected remotely.


Light Level Analysis in Commercial Buildings:

A Minnesota Market Study

COMMERCE o
DEPARTMENT ¥ slipstream

ENERGY RESOURCES

Mary Sue Lobenstein Laura Silver Jennifer Li Allie Cardiel
R&D Program Administrator Senior State Program Administrator (CIP) Senior Energy Engineer Field Researcher
MN Department of Commerce MN Department of Commerce Slipstream Slipstream

marysue.Lobenstein@state.mn.us laura.silver@state.mn.us jli@slipstreaminc.org acardiel@slipstreaminc.org



Presenter
Presentation Notes
I am Mary Sue Lobenstein, the R&D Program Administrator at the Minnesota Department of Commerce, Division of Energy Resources.

With me today is Laura Silver who is a Senior State Program Administrator at the Department of Commerce, where she reviews utility Conservation Improvement Program triennial plans and annual status reports. Laura is the project manager on the research that is the subject of this webinar and will be moderating the Q&A portion of our webinar.

Our presenters today are Jennifer Li (Lie) and Allie Cardiel (Card-ee-el), both from Slipstream.

Jennifer is a Senior Research Engineer at Slipstream and the Project Manager for this work. She has 15 years of electrical design experience. At Slipstream she conducts electrical engineering and lighting design analysis for commercial and industrial new construction and renovation projects with a concentration on energy efficiency and sustainability. Jennifer also supports field research with a focus on lighting and lighting controls, such as the one we are presenting today .

Allie is a Field Researcher at Slipstream and was the primary field researcher for this work. In that role she installs, monitors, and troubleshoots field research equipment and maintains network communications. On this project, Allie also provided significant support for the data analysis and reporting of project results.

We are very pleased to have both Jennifer and Allie here today for this webinar.
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mailto:laura.silver@state.mn.us
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Before we get started, I would like to go over a few items for those viewing online so that you know how to participate in today’s webinar.

Each of you should see a control panel somewhere on your screen. The location of the panel depends on if you are using a phone or your computer. If using your computer, you can expand and collapse the panel by clicking on the orange arrow. 

Please be sure to maximize your screen for the best viewing experience. 

By default, you have joined the presentation using your computer's speaker system. If you would prefer to join over the telephone, just select “phone call” in the Audio pane of the control panel and the dial-in information will be displayed. All attendees have joined the webinar with their audio muted.

If you are having any sound or audio issues, head up to the audio tab and click on sound check. That usually resolves any issues you are having. If that doesn’t work, try switching between phone or computer call-in. If are you are still having problems, try closing out of GoToWebinar and opening it again. 

You can submit questions to our presenter at any time using the questions pane. Simply type your question and submit it. If there are questions we were unable to answer, we will follow up with you after the webinar. 

This webinar is being recorded today and the recording will be available at a later date on both the Department’s and Slipstream’s websites. A copy of the slide deck for today’s presentation is available as a handout in your GoToWebinar panel, and you can download it at any time.



Minnesota Applied Research & Development Fund

- Purpose to help Minnesota utilities achieve 1.5% energy savings goal by:
- Identifying new technologies or strategies to maximize energy savings;
- Improving effectiveness of energy conservation programs;

- Documenting CO, reductions from energy conservation programs.
Minnesota Statutes §216B.241, Subd. 1e

« Utility may reach its energy savings goal
- Directly through its Conservation Improvement Program (CIP)

- Indirectly through energy codes, appliance standards, behavior, and other market
transformation programs

State Capitol Image: Courtesy Minnesota Department of Administration
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This webinar is one in an ongoing series designed to summarize the results from research projects funded by Minnesota’s Applied Research and Development Fund, which was established in the Next Generation Energy Act of 2007.

The purpose of the fund is to help Minnesota utilities achieve their energy savings goal. 

$2.6 million of this fund is set aside annually for the CARD program, which awards research grants in a competitive Request for Proposal process.

Results from CARD projects provide utilities with data to enhance energy efficiency program designs within their CIP portfolios. 

https://www.revisor.mn.gov/statutes/?id=216B.241

CARD RFP Spending by Sector thru FY2019

CARD RFP Projects by Sectors thru FY2019

Multifamily 5+ Agricultural (6),
unit (5), 5.0% 5.0%

Multi-sector
Industrial (11), (26), 24.2%

10.0%

Residential 1-4
unit (18), 17.5%

Commercial
(41), 38.3%

RFP Summary

* 10 Funding Cycles

e 472 proposals

e 121 projects funded

¢ $27.4 million in research
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As you can see by the pie chart, CARD projects funded to date have been in all building sectors, as well as some that cross all or multiple sectors.

The subject of today’s webinar addresses the commercial sector and discusses results from study which characterized light levels of LED-lit commercial spaces in Minnesota and quantified the energy savings from optimizing light levels in overlit spaces.

Now, I’ll turn it over to Jennifer who will start today’s presentation.
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Jennifer
Thank you Mary Sue.
Hello and welcome again to our presentation, “Improve your commercial light levels and save on cost”

To begin, we, at Slipstream, would like to thank our sponsor. This project was funded by the Conservation Applied Research and Development (CARD) Program under MN Commerce Department’s – Division of Energy Resources, the Minnesota statewide energy efficiency and renewable resource program funded by Minnesota ratepayers.


Background and objective

Methodology
Results

Conclusions and recommendations
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During today’s presentation, we’ll start with a brief background and objective, followed by the key methodology steps of the project.

We’ll then go into depth on the various results of the project and end with some conclusions and program recommendations.
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We’ll kick things off by describing a bit about the background and the objective of this research project.


Background: The Opportunity

Dimming lights in commercial spaces so that the average light level is
appropriate for the specific activities being performed

Too Bright Just Right
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Lighting in commercial buildings has been the target of energy efficiency programs for years, with the primary strategy being one-for-one fixture replacement. However, recent changes to federal standards for fluorescent lamps and more stringent codes, have begun to erode these program savings. Market changes are forcing energy efficiency programs to look beyond efficacy-based, per product incentives.

Research suggests that significant savings potential exists through task tuning of light levels and redesign of overlit spaces. However, the average light level in typical spaces in Minnesota, as well as associated lighting system characteristics, was not well understood. 

You may be wondering, “What is task tuning?” Simply stated, it is:

Dimming lights in commercial spaces so that the average light level is appropriate for the specific activities being performed.  You don’t need the same amount of light for someone reading fine print, as someone working on a computer, or someone watching a presentation. However, too often the amount of light in a space is higher than necessary.  This could be for a variety of reasons.

A lighting designer may not know what activity will be performed in a space.  In some instances, this could be improved by a more integrated design strategy.  Or perhaps no formal lighting design occurred, particularly in the case of one-for-one LED retrofits.  A contractor may simply install lighting based on rules of thumb or based on what they’ve done on previous projects.  Or, a lighting system may not have been commissioning, meaning the installation may not be consistent with the design intent.

Tailoring the light level to match the specific need of a space is the next frontier of lighting energy savings. It requires the ability to dim the lights. However, with more and more dimmable lighting, such as with LEDs and daylighting controls, this potential is only growing.
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So, how does task tuning save energy?

Here we see the light level provided by an ideal lighting system as a function of its power. As you can see, as the lighting power increases, so does the amount of light in the space.

For this idealized untuned lighting system, you would measure 50 footcandles of electric lighting while the system used 500 watts of electricity.

For this example, the recommended light level per the Illuminating Engineering Society (IES) is 40 footcandles.

Tuning adjusts the lights to these recommended levels, resulting in a power reduction of 100 watts.
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That was instantaneous power savings, but how does this play out in terms of energy savings? Here we see a plot of our idealized example system’s lighting power consumption over a typical day. Note that this system does not have daylight or photo-controls.  In the morning, the lights come on to their full power and remain there throughout the day, before being shut off at night.

After tuning, the lights still come on at the same time. However, they now come on to their tuned power, instead of their full power. The difference in power savings summed over time is the energy savings.


Objective: Objectives

1) Characterize LED light levels in Minnesota
commercial buildings.

2) Develop program recommendations for
optimizing light levels.
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How might this lighting control strategy apply in Minnesota?  How overlit or underlit are commercial building spaces?

A characterization, including site visits to accurately measure light levels, fills this knowledge gap and will lead to increased energy savings. Slipstream designed and conducted a research study to provide MN CARD with data that will inform customers on how to implement more comprehensive lighting upgrades that could include controls, lower wattage fixtures, and task tuning.
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We will now briefly describe the steps we took in performing this research. 


Methodology: Project Steps

1) Secondary research
2) Interviews
o Utility program staff
o Trade Allies, Manufacturers
3) Field work
4) Expedited assessment

5) Program recommendations
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The characterization study was comprised of both primary and secondary research. We reviewed studies related to this project, conducted a segmentation of Minnesota lighting based on U.S. Energy Information Administration data, interviewed Minnesota energy efficiency program staff and a select group of stakeholders, and measured light levels in a representative sample of Minnesota businesses.

We also explored several options for expedited assessments of spaces that could potentially allow for avoidance of in-person measurements in spaces or simpler protocols for measuring light levels.

We used the results from the site visits and data gleaned from our literature review to quantify the potential for energy savings from optimizing light levels. We also distilled lessons learned to clarify effective approaches for Conservation Improvement Program’s (CIPs) to reach this market segment.

Allie is going to walk us through what we learned during the course of our secondary research.
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Allie
Thank you Jennifer. 

Our review of relevant research gave us a solid foundation to build on for the remainder of the project. To begin to understand the lighting landscape in Minnesota, we used the U.S. Energy Information Administration’s Commercial Building Energy Consumption Survey, commonly referred to as CBECS, microdata to quantify the magnitude of lighting energy, building types, space types, lighting types and control types.


Segmentation: Commercial Lighting Energy by Building Type

5.3 billion kWh annually
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Commercial and manufacturing buildings in Minnesota use approximately 5.3 billion kWh of lighting energy each year. 

Five building types make up approximately two-thirds of the lighting energy. Manufacturing (accounting for 27%) and Education ( accounting for 12%) are the two largest market segments, with Warehouse (11%), Office (10%) and Outpatient Healthcare (6%) also making up significant portions. Therefore, we chose to concentrate on these segments for our site visits.


Segmentation: Space Types by Building Type
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However, IES light level recommendations are not based on building types. Rather, they are specific to space types and the activities occurring in those spaces. 

Within the major building types, the predominant and overlapping space types are open and private offices, conference rooms, warehouse areas, and corridors. We also included classrooms since they were of interest to the Minnesota Department of Commerce program staff. We therefore focused on these space types for our site visits, and these space types make up the majority of the area in each of the major building types, which is shown in the figure here.

Open plan offices are ideal for adjusting light levels, since the light levels and associated electrical power make up a larger portion of the total building lighting power and can be affected with a single adjustment. This minimizes the time and cost of achieving savings. Other good candidates are space types with many similar spaces such as private offices and classrooms, where the amount of light level adjustment can be determined in one space and quickly applied to other similar spaces. 

Exam room spaces are not good candidates because they make up a small portion of the total building area and the tasks that occur in these spaces require higher light levels.  Even where light levels exceed IES recommendations, feedback from medical staff has stressed the importance of high light levels for diagnostic reasons.


Segmentation: LED Penetration
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LEDs are inherently dimmable, meaning that their light output and corresponding lighting energy can easily be reduced in overlit spaces. LEDs are rapidly increasing their share of the new and replacement lighting market. They made up only 1% of the new sales market in 2012, according to DOE estimates. But, this increased to 3% in 2014 and 12.6% in 2016.  DOE projections estimated that by this year, 2020, LEDs will make up 48% of the lighting market.  Using this information, we estimated the portion of commercial spaces with LEDs already installed in 2020. Across all the major building types, LEDs serve 11% of total commercial building area.  As the percentage of commercial spaces illuminated by LEDs continues to grow so does the opportunity for task tuning as well as the implementation of other control strategies.


Segmentation: Lighting Controls
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Daylight harvesting is a lighting control strategy that automatically adjusts the electric light levels when sufficient natural light is detected. This is important since the photosensor setpoint can be easily reduced in overlit spaces, which would reduce the electric light levels during daylit periods. The highest penetration of daylight harvesting is in Education. On average, 9% of the major building types have some amount of daylight harvesting. This proportion will continue to increase because of energy codes that require this type of control in spaces with natural light.
 
Another form of lighting control is occupancy or vacancy sensing. Although these controls don’t allow for simple adjustment of light levels, they will likely reduce savings that may be achieved by reducing light levels through task tuning. Therefore, it’s important to understand their penetration across Minnesota commercial buildings. Of the lighting control types, occupancy sensing has the highest penetration, averaging 21.2% across the major building types. This control is most prevalent in Education and least prevalent in Warehouse and Outpatient Healthcare facilities.

Now I will turn it over to Jennifer who will share with you our key take-aways from the interviews conducted.
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Jennifer
Thank you Allie. 

Slipstream completed two interviews with investor owned utility staff, three interviews with energy efficiency program staff who work for municipal utilities and coops, and one interview with a program implementation contractor.  We also interviewed one representative from the Northwest Energy Efficiency Alliance, a national leader in lighting market transformation.  These interviews focused on collecting information on lighting-specific programs and projects to provide insight and identify barriers to implementing lighting efficiency measures.


Program Review: Staff Interview Key Takeaways

e 60-90% of lighting program savings stem
from one-for-one replacement projects.

e Concern about savings decline in future
e More stringent codes
e LED market saturation

e Most contractors do not measure light levels
or do photometric calculations.


Presenter
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Key takeaways from interviews with Minnesota utility staff, energy efficiency program staff, and implementation program staff include that 60-90% of lighting program savings currently stem from one-for-one replacement of existing lighting with either integrated LED fixtures or tubular LED lamps.  Lighting control prescriptive rebates have a much lower uptake.  And, overall, downstream incentive strategies are more widely used than midstream approaches.

Challenges cited by commercial lighting program managers include concerns about future program impacts as savings decline over time because of more stringent codes and market saturation of LEDs.  As a result, programs are looking to diversify sources of energy savings and are seeking new ways to promote deeper customer engagement.  Another challenge cited is limited lighting design experts serving rural areas.  Contractors serving these areas are typically looking for fast wins and may be less willing to take on projects with more complexity.

Generally, program staff do not encounter significant barriers on LED retrofit projects.  Paybacks are good.  Capital barriers may cause project delays but do not often prevent projects from moving ahead. However, lighting control projects are more complex, less cost-effective, and have seen lower adoption to date.  Furthermore, measurement of light levels is not often done on lighting retrofit projects, and when it is done, it is often to ensure that light levels are the same or higher than before the retrofit.



Program Review: Staff Interview Key Takeaways

e Interest in light level optimization if:
e Customer and program economics are viable
e Occupant preferences are addressed
e Programming process can be simplified

e Messaging does not imply that LED retrofit
under-delivered on expected savings


Presenter
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Most program staff thought light level optimization could be a viable future strategy if the economics are good for both customers and programs.  They also viewed light level optimization as a potential opportunity for deeper customer engagement.

However, program managers identified several challenges, including a more complex set of occupant preferences, particularly when people with different preferences share the same space.  They also noted additional cost and time associated with programming advanced controls, particularly when considering and addressing occupant feedback.  Also important would be careful marketing and messaging to customers to avoid the implication that the customer is getting less value from the original LED retrofit than expected.
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Working with lighting designers, electrical engineers, electrical contractors and manufacturers is required to influence efficiency improvements in Minnesota lighting systems. We identified stakeholders working with lighting in Minnesota. Through in-depth interviews, we identified how these program allies currently make decisions, to what extent they currently address light levels in their projects, and how a lighting optimization program offering would ideally be structured to achieve the greatest market impact. The results of these interviews helped us tailor the project’s scope and to identify impactful commercial lighting recommendations for future CIP initiatives.



Program Review: Stakeholder Key Takeaways

e Incremental cost of dimmable fixtures is low.
e Agreement that spaces are often over-lit.

e Brightness preferences and perceptions drive
importance of occupant feedback.

e Barriers to controls and task tuning include
perceived complexity and low awareness of
control benefits.
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Our interviews with program stakeholders included manufacturers, energy efficiency consultants, electrical contractors and lighting sales representatives. Key takeaways from theses interviews include feedback that major lighting manufacturers have LED products capable of task tuning today and that the incremental cost is small to none for dimming capable fixtures compared to code-required controls.

Generally, these stakeholders see over-lighting as an issue and the conversion to LED lighting creates spaces that could be task tuned to 75-80% of designed light levels.  However, at the same time, they noted that individuals have different brightness preferences and that the perception of brightness is subjective.  Additionally, the more volumetric nature of LED lighting in comparison to existing lighting plays a role in this perception of brightness.  So, getting occupant feedback on light levels is more important than simply taking light meter measurements.

Capital cost was certainly identified as a barrier to implementing systems capable of task tuning. Controls are also often associated with increased complexity to install, commission and operate.  Beyond this, a lack of contractor and end user awareness of control benefits was also identified.  It can take significant time to education someone.  However, once they understand the system, they often will begin implementing the system on their projects.  This barrier is likely easiest to overcome with larger building or portfolio owners.

Now Allie will step us through the results of the field study portion of this project.
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Allie

Thank you Jennifer. 

We spent the majority of the effort on this project visiting commercial buildings and measuring light levels.


Field Study: Buildings Visited

Building Type Number Visited
Minnesota O ’ -
| Education

Warehouse & Sorage
wonsocwaive |8
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We visited a total of 36 buildings across Minnesota. The sites were mainly clustered around population centers, like Minneapolis, St. Paul, Rochester, and Duluth, with several additional sites in smaller communities. Within the sites, we visited buildings from each of our target building types.

We initially estimated that we needed to visit 45 buildings. However, it became clear as we analyzed the data that we would be able to meet a 95% confidence interval target with fewer site visits. We therefore lowered our target to 37. We eliminated one Education site because of its extremely low light levels and atypical lighting types for an education space, which left us with a total of 36 sites.

Anecdotally, the Manufacturing facility staff were just as interested in the light levels of their manufacturing areas as they were about the office spaces. While manufacturing areas were outside the scope of the project, this interest combined with the high lighting requirements of these spaces suggest an opportunity for a program to support light level optimization in manufacturing production spaces.


Field Study: Spaces Characterized

Space Type Number Visited | Target Sample
Open Office 28 44
Private Office 50 44
Conference Room 36 44
Warehouse 27 44
Corridor 25 44
Classroom 19 44
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Within each of the major building types, we characterized the light levels in several of each space type. The characterization included the measurement of light levels in each space we visited.  The reduction in overall building site visits translated to a reduction also in the number of spaces visited.  We did however exceed our initial target of 44 private office spaces as that space type is so prevalent across the major building types.

Note that although we didn’t meet our original target sample, we maintained our target precision with respect to statistical significance.  In retrospect, our assumptions in estimating the target sample size were conservative.  More specifically, a higher mean illuminance led to reduced sample necessary to achieve our confidence interval target.

Now I’ll share with you some example photos of the types of spaces we visited.


Field Study: Spaces Characterized — Private & Open Office
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These are photos showing examples of a typical private office, on the left,  and a typical open office space on the right.


Field Study: Spaces Characterized — Conference & Corridor
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Here we show an example of a typical conference room on the left and a corridor or hallway space on the right.


Field Study: Spaces Characterized — Warehouse & Classroom
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And, finally, these are typical photos of our last two spaces types, warehouse, which is on the left, and classroom, which is on the right.


Field Study: Mean llluminance vs. IES Recommendation

Space Type Mean IES Recommendation % Reduction
Open Office 49.6 30 40%
Private Office 47.7 30 37%
Conference Room 45.2 30 34%
Warehouse 31.2 30 4%
Corridor 34.5 5 86%
Classroom 48 40 17%

31
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Within these buildings, we quantified the mean illuminance for our sample by space type. We then calculated the degree to which the mean illuminance differed from the IES recommendation for each space type, expressed as the percent reduction needed to bring the mean into agreement with the recommendation.

For all space types, the mean illuminance was higher than the IES recommendation. This means that energy savings could be captured by bringing the two into agreement. In Open Offices, Private Offices and Classrooms, the illuminance reduction potential is 40%, 37%, and 17%, respectively. This reduction potential is significant, considering the quantity of these space types in Minnesota. Conference Rooms were also very overlit, needing a reduction of 34% to bring their mean illuminance into agreement with the IES recommendation. Corridor spaces were the most overlit with a reduction potential of 86%.  However, there is less opportunity for energy savings in corridors due to their smaller portion of overall building area. 

In addition, the IES recommendation of 5 footcandles for corridor spaces may be considered too aggressive a reduction by  the facility staff and building occupants, which would reduce energy savings potential. Warehouse was the only space type with a mean illuminance essentially on par with the IES recommendation, and it was overlit by only 4%. This could be due to an increased design focus since lighting energy costs in a warehouse are a significant operating expense because of fairly typical long hours of operation.


Field Study: Mean llluminance vs. IES Recommendation
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When the mean illuminance and IES recommendations are presented visually, the difference between the two is more striking. We have included the 95% confidence interval on this plot to show that for each data point, we are confident that the recommendation falls outside the confidence interval range. The only exception is again Warehouse, meaning we can’t be confident whether Warehouses are overlit or underlit. However, it’s fair to say that they are properly lit and have a low potential for energy savings statewide.

The degree to which the LED mean illuminance differs from the IES recommendation is likely due to the nature of LED retrofit projects. These projects traditionally are one-for-one replacements of existing fluorescent lighting due to the prohibitive cost of modifying existing electrical infrastructure and drop ceilings. With little-to-no flexibility to adjust the fixture spacing, the LED light level is determined by the LED fixture’s output. When multiple lumen packages exist for LED replacements fixtures, lighting professionals and contractors tend to default to higher lumen packages to minimize the chance of customer dissatisfaction from low light levels. This default position is made even more reasonable given that the replacement fixtures will still yield significant energy savings. This systematic over-lighting of LED retrofit spaces represents a significant opportunity for programs to address.


Field Study: Typical Savings

Building Type

Typical Electricity Savings

Typical Peak Demand Savings

(kWh/ft?) (W/ft?)
Office 1.03 0.23
Education 0.46 0.13
Manufacturing 0.14 0.03
Warehouse 0.17 0.04
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To wrap up our discussion of the field study, we are showing that when normalized to a per square foot basis, the technical potential for energy and peak demand savings may be estimated for a given project. The highest opportunities for savings occur in the office and education building types. 
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As we have mentioned, we spent a lot of time performing in-person measurements of light levels of various spaces in buildings. Although the IES Lighting Handbook’s procedure for calculating average illuminance is simpler than taking measurements on a 2’ x 2’ grid, it is still fairly time intensive and might not be practical for building managers, contractors or program field staff to implement. We therefore investigated alternative approaches to estimating illuminance that would be quicker without unacceptably reducing accuracy. These expedited assessments included:
A Reduced Sampling Approach which involved measuring fewer points and using a more simplified calculation method than the procedure outlined by the IES Lighting Handbook
And Photometric Analysis which involved estimating illuminance using computer models


Expedited Assessment: Reduced Sampling
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The IES methodology for calculating illuminance in a space involves measuring many points and entering them into a relatively complicated equation. This can take a lot of time across multiple spaces. We envisioned quicker methods that either used fewer measurements, simplified equations, or a combination of the two.  Using the data collected from this field study, we simulated three reduced sampling approaches, which I will briefly summarize. 

Method 1 involves taking an average of all the points and doesn’t use the IES procedure’s formulas. 
For Method 2 we calculated the average using fewer points (one of each type of point) and didn’t use the IES procedure’s formulas. 
For Method 3 we used the IES procedure’s custom formulas, but measured fewer points. 

Method 1 appears to slightly overestimate illuminance for most space types, Method 2 appears to underestimate illuminance, and Method 3 produces results that are closest to the actual measured. 

We therefore conclude that a building operator, contractor or program implementer could save time by either measuring fewer points or using a simplified calculation without significantly sacrificing the overall accuracy of the calculated illuminance.


Expedited Assessment: Photometric Analysis

Space Type Fixture Type M?asured Modeled llluminance % Difference
llluminance (fc) (fc)
Open Office Whole Fixture 34.2 354 3.5%
Open Office Tubular LED 32.0 31.1 2.8%
Private Office Whole Fixture 63.7 66.2 3.9%
Private Office Tubular LED 86.5 84.1 2.8%
Warehouse Whole Fixture 64.2 59.0 8.1%
Warehouse Tubular LED 35.6 35.3 0.85%
Warehouse Tubular LED 18.1 17.9 1.1%
Warehouse Tubular LED 26.9 25.8 4.1%
Classroom Whole Fixture 57.5 53.0 7.8%
Classroom Tubular LED 55.0 59.9 8.9%
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Switching to the other approach we investigated, photometric analysis involves using computer modeling to estimate illuminance in spaces. This modeling is a common part of lighting design. It is quicker than field measurements since it does not involve lengthy site visits. And since it is already a part of many projects, service providers could rapidly deploy it for quick determination of light levels and corresponding task tuning setpoints. 

We wanted to understand the accuracy of photometric modeling in predicting light levels, so we developed photometric models and compared their illuminance predictions to our field measurements on a subset of 10 spaces.

We used AGi32 software to complete photometric analysis for open office, private office, classroom, and warehouse space types. The analysis evaluated spaces with and without partitions or racking and spaces retrofit with both integrated LED fixtures and LED tubular lamps.

Overall, we found that photometric analysis does a good job of estimating light levels. Our models were on average within 4.4% of measured illuminance and had differences that ranged from 0.85% to 8.9%.

We conclude that photometric analysis is a useful tool for evaluating illuminance values and identifying opportunities for task tuning and associated energy savings. Although models are less accurate than field measurements, the reduced time involved justifies the relatively small tradeoff in accuracy. Task tuning is likely to be perceived as providing satisfactory light levels in spaces with a high light level uniformity, like classrooms or private offices. This is particularly true if conservative assumptions are made while modeling (for example, light loss factor of 0.8-0.9 and reasonable reflectance values). In situations where model inputs are unknown (like partition heights and locations), the degree to which lights are task tuned based on models should be reduced. For example, if the model predicts a space will be 20% overlit, the lights could be task tuned by 10-15%. This may be relaxed in spaces with task lights, since occupants may supplement the ambient lighting to provide higher light levels only where necessary.

Now I’ll turn it back to Jennifer for some concluding thoughts. 


m- COMMERCE
DEPARTMENT

ENERGY RESQURCES

Conclusions and Recommendations
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Jennifer
Thanks Allie.


Conclusions: Program Savings Estimates

Estimated electricity

Annual dollar savings

Avoided GHG emissions

Building Type savings
(MWh) (S) (tCO2 eq.)
95,520 $10,354,346 86,827
45,433 $4,924,901 41,298
Manufacturing 9,183 $995,481 8,348
Warehouse 16,805 $1,821,677 15,276
Total 166,941 $18,096,405 151,749
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I’ll start our discussion of conclusions and recommendations by sharing estimated achievable savings potential from light level adjustment incentive programs in Minnesota.  These estimates are based on the LED percent reductions found in our study.  It’s important to note that these estimates are based on the current penetration of LEDs meaning that as the percent of installed LEDs grows so does the savings potential.

In total, we estimate that adjusting light levels could potentially save Minnesota approximately 167,000 megawatt hours annually, with most of these savings coming from the Office and Education sector. This energy savings is equivalent to 15,500 typical Minnesota household’s annual electric consumption, reducing greenhouse gas emissions by approximately 152,000 tons of carbon dioxide, or the equivalent of taking 32,000 passenger vehicles off the road for a year. It also equates to over $18 million in cost savings to Minnesota businesses.

The savings potential estimate assumes 88% of Minnesota lighting across these facilities is first upgraded to LEDs by 2035 and that 58% of these lights are easily tunable. It also assumes a program achievability factor of 57.5%.



Conclusions: Cost Effectiveness

Cost Savings Simple Payback (yr) Simple Payback (yr)
Space Type
(S/ft?) New Construction Existing

Office S0.121 0.5 0.9
Conference S0.090 0.6 1.3
Warehouse S0.005 10.7 21.4
Corridor S0.177 0.3 0.6
Classroom S0.036 1.6 3.1
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We evaluated cost effectiveness under two scenarios: task tuning as part of a new building or major renovation project and task tuning implemented in a retrofit scenario assuming adjustments are made to an existing dimmable LED system.  For both scenarios, we only considered the labor costs associated with adjusting the lighting systems, not the equipment costs of the lighting system itself.  For each of these scenarios, we calculated simple paybacks as outlined in this table.

With the exception of warehouse spaces, the cost savings and associated simple payback of task tuning LED systems are very good. Operating cost savings from reduced energy use are between just over 3 ½ cents to almost 18 cents (roughly between $0.036 and $0.177) per square foot, resulting in a simple payback of between 0.3 and 1.6 years for new construction and between 0.6 and 3.1 years for existing system retrofits. For warehouses, the lower savings potential from lower lighting power and task tuning lead to long simple paybacks. Due to these short payback periods, we recommend that task tuning be implemented in new construction projects or major renovations in which a dimming system is already planned as part of the design. For the same reason, if a dimming-capable system already exists in a facility, task tuning should be strongly considered to achieve cost-effective energy savings.


Conclusions: Occupant Comfort

Task tuning should be conducted with occupant
feedback in order to balance energy savings with visual
comfort
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Task tuning is essentially a tradeoff between energy consumption of a lighting system and light levels in a space.  When performing task tuning, it is important to balance energy savings with occupant visual comfort, as tuning that is too aggressive may result in high energy savings at the expense of occupant satisfaction.

Complicating this balance is the fact that occupants perceive light levels differently both among individuals and under varying situations.  Because of this complication, we recommend that task tuning be conducted with occupant feedback in order to balance energy savings and occupant visual comfort.  Although this may result in lower immediate energy savings, it would increase energy savings persistence, as facility managers would be less likely to override tuned controls based on occupant complaints.


Conclusions: Program Approaches

Strategy Description Incentive
Approaches

1 - Prescriptive lighting
program enhancements

2 - Task tuning of

previously-installed
dimmable LED lighting

3 - Advanced lighting
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In summary, there is growing potential in Minnesota to capture energy savings from advanced lighting control strategies.  LEDs which are inherently dimmable are gaining market share.  Additionally, building codes will further drive the market toward dimmable lighting systems.  Today, even when dimmable lighting systems are installed, tuning the system is not standard practice and many spaces are overlit as a result.  We suggest 3 approaches to take advantage of the savings potential from advanced lighting controls, ranging from a simpler, lower cost prescriptive program to a more complex, higher cost program; each with incentives based on a per unit, per square foot, or per kWh basis.
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Prescriptive lighting programs (the first strategy) are prevalent and there is lots of opportunity for deploying strategies that promote optimization of light levels.  In the Minnesota program interviews we conducted, TLEDs (which are generally not dimmable) represent a significant share of the rebate activity. It is already common practice to offer a higher incentive for dimmable LED fixtures as compared with LED tubular products. Incentives for reducing the number of installed light fixtures or tubes (a delamping strategy) is a way to reduce light levels with non-dimmable fixtures.  Several Minnesota program interviewees mentioned support for delamping through their existing commercial lighting programs.

Prescriptive programs can also offer incentive bonuses for customers that install dimmable fixtures and demonstrate that task tuning has been completed.  Although task tuning can be implemented separately from a lighting retrofit, it is more cost-effective to optimize light levels at the time of the lighting retrofit because the number of required site visits is reduced. 
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Transitioning now to our second strategy:  This study demonstrates that there is energy savings opportunity from implementing task tuning in facilities that already have installed dimmable LED lighting and the necessary controls.  This savings potential can be captured by incorporating light level optimization into the scope of an existing program like retro-commissioning (RCx), which involves a comprehensive assessment of a customer’s facility to identify and implement energy savings opportunities through optimization of lighting and HVAC controls.  Utilities can also offer a stand-alone program that supports task tuning. 

Our site visits found that illuminance for spaces lit by whole fixture LEDs was lower than those lit by TLEDs.  A program can provide guidance to help customers select the right lumen package.  Best practice is to use photometric modeling to identify the lumen package for a fixture selection that provides the recommended illuminance for a given space.  Additionally, several manufacturers provide controls hardware that can be layered onto existing dimmable LEDs to enable more advanced control strategies like task tuning, and these products can be incentivized. 
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And now to address our third strategy:  In the last five years, utilities across the country have begun deploying incentives for advanced lighting technologies like Networked Lighting Controls (NLC) and Luminaire Level Lighting Controls (LLLC).  NLC refers to an intelligent network of luminaires and controls which are programmable through a software interface and have the capability to provide monitoring data on system performance.  LLLC is a subset of NLC in which each luminaire contains a continuous dimming driver and integrated occupancy and daylight sensors, allowing for lighting control at a more granular level. In Minnesota, Xcel Energy offers incentives for NLC systems that are listed on the DesignLights Consortium qualified product list, is capable of high-end trim in addition to code required daylight and occupancy controls, and has been properly commissioned. Many programs offer per-kW or per-kWh incentives based on custom calculations, although programs administered by Focus on Energy and AEP Ohio offer NLC incentives on a per-square foot basis.

And, now we’ll ask Laura to help with moderation of any questions from today’s audience.
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		3 - Advanced lighting incentives
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Thanks for that great presentation!

If you have not already done so, please type any additional questions into the Q&A panel and send them to  us.

Laura, do you have any questions for Jennifer or Allie? 

Thanks, Laura. If you have follow-up questions about this CARD project, feel free to contact Jennifer or Allie.
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The recording of this webinar and slide set will be available on the Department’s web site in a few weeks, and the final report in a couple of months. When available, you can link to either of these from the quick links on our Applied Research and Development webpage as indicated on this slide. 
 
This R&D web page has additional resources and information related to the CARD program and to CARD research projects which you can check out by going to the address at the bottom of this slide.


https://mn.gov/commerce/industries/energy/utilities/cip/applied-research-development/
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Thanks for participating today! We appreciate your interest in CARD projects.

Before we leave, I want to take this opportunity to mention several upcoming CARD webinars:
On October 20th, the Center for Energy and Environment will discuss findings from their investigation of dehumidification in MN single family homes.
On November 10th, Slipstream will be back to talk about the energy, energy cost, and emissions impacts of measures that both save electricity and shift the time that the load occurs.
Finally, on November 19th,  the Center for Energy and Environment will present results from their investigation of evolving residential cooling systems and loads in Minnesota. 

You can keep abreast of upcoming webinars and other news related to the Minnesota Conservation Improvement Program by signing up for CIP updates on our email list. You can use the link on this slide to do that.

In the meantime contact me if you have questions, feedback or suggestions for the CARD program or CARD webinars.

Thanks, again for participating today.


https://public.govdelivery.com/accounts/MNCOMM/subscriber/new?topic_id=MNCOMM_41
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As a reminder, please be sure to take some time and fill out the evaluation for this webinar.  There will be an evaluation that launches after the conclusion of this webinar. 


https://app.keysurvey.com/f/41511019/113a/

	Conservation Applied Research & Development (CARD) Webinar
	Light Level Analysis in Commercial Buildings: �A Minnesota Market Study
	Webinar Basics
	Minnesota Applied Research & Development Fund
	CARD RFP Spending by Sector thru FY2019
	THANK YOU TO OUR SPONSOR
	Agenda
	Background and Objective
	Background: The Opportunity
	Background: The Opportunity
	Background: The Opportunity
	Objective: Objectives
	Methodology
	Methodology: Project Steps
	Results: Secondary Research
	Segmentation: Commercial Lighting Energy by Building Type 
	Segmentation: Space Types by Building Type 
	Segmentation: LED Penetration
	Segmentation: Lighting Controls
	Results: Program Review
	Program Review: Staff Interview Key Takeaways
	Program Review: Staff Interview Key Takeaways
	Results: Stakeholder Interviews
	Program Review: Stakeholder Key Takeaways
	Results: Field Study
	Field Study: Buildings Visited
	Field Study: Spaces Characterized
	Field Study: Spaces Characterized – Private & Open Office
	Field Study: Spaces Characterized – Conference & Corridor
	Field Study: Spaces Characterized – Warehouse & Classroom
	Field Study: Mean Illuminance vs. IES Recommendation
	Field Study: Mean Illuminance vs. IES Recommendation
	Field Study: Typical Savings
	Expedited Assessment
	Expedited Assessment: Reduced Sampling
	Expedited Assessment: Photometric Analysis
	Conclusions and Recommendations
	Conclusions: Program Savings Estimates
	Conclusions: Cost Effectiveness
	Conclusions: Occupant Comfort
	Conclusions: Program Approaches
	Conclusions: Program Approaches
	Conclusions: Program Approaches
	Conclusions: Program Approaches
	Send us your questions using GoToWebinar Q&A box
	CARD Project Resources
	Thanks for Participating!
	How Did We Do?

