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Erin:
Good afternoon.  My name is Erin Nobler from the National Renewable Energy Lab, and I’d like to welcome you to today’s webinar titled Retrocommissioning and State Application.  We’re excited to have you with us today. 

We’ll give folks a few more minutes and call in and log on, so while we wait, I’ll go over some logistics and then we’ll get going with today’s webinar.  I want to mention that this webinar will be recorded and everyone today is on listen-only mode.  You have two options for how you can hear today’s webinar.  In the upper right corner of your screen, there’s a box that says audio mode.  This will allow you to choose whether or not you want to listen to the webinar through your computer speakers or telephone.  As a rule, if you could listen to music on your computer, you should be able to hear the webinar.  Select either use telephone or use mike and speakers.  If you select use telephone, the box will display the telephone number and specific audio PIN you should use to dial in.  If you select use mike and speakers, you might want to select on audio set up to test your audio. 


We will have a question and answer session at the end of the presentation.  You can participate by submitting your questions electronically during the webinar.  Please do this by going to the questions pane in the box showing on your screen.  There you can type in any question that you have during the course of the webinar.  Our speakers will address as many questions as time allows after the presentation.  


So before we get started with the presentation, I’d like to introduce Molly Lunn.  Molly is a program analyst with the U.S. Department of Energy Weatherization and Intergovernmental Program.  She will give you a brief description about the WIP’s technical assistant program and other upcoming webinars in this series.  Molly?
Molly:
Thanks, Erin.  Hello, everyone.  Welcome to today’s webinar.  As Erin said, I’m Molly Lunn with the Department of Energy State and Local Techincal Assistant Program.  And I want to thank you all for taking the time to join us today.  Next slide, please.


Some of you all might be familiar with our technical assistant program, but I just want to give you a brief introduction to those that are new to it.  Our programs have gone on for a number of years – almost a decade – and what we do is provide resources to state, local and tribal officials to help you advance successful, high impact and long lasting clean energy policies program and projects, so we really see our work as supporting one of the Department’s key missions, which is taking clean energy to scale through high impact efforts.


So our work is framed around the inverted pyramid that you see here.   We have five priority areas that we see as critical to taking clean energy to scale and those are strategic energy planning, program policy design and implementation, financing strategies, data management in the EM&V, and energy efficiency and renewable energy technologies and technical issues.  So that’s where we see webinars like today falling into those priority areas.


Within those areas, we develop and disseminate resources.  So that could be anything from general education materials to protocols, how-to guides, model documents; and then as a deeper dive, we also do peer exchange and trainings.  So today’s webinar is an example of that.  We do a series of webinars each month.  We also post conferences and in-person trainings.  I’ll talk more about that in a little bit, and then we have a series of long-term peer exchange opportunities called Better Buildings Project Team, and we have those in four areas: one in community energy planning, one in performance contracting, one for finance and another one for data.  So those are ways to exchange over the long term with your peers.


Finally for in-depth efforts, we also provide one-on-one assistance.  We tend to focus on places where there will be a high impact, opportunities for replicability in other communities and states.  And we’re really filling in gaps in technical assistance marketplace. 


So on the next slide, I’ll do just a little bit of a detail on some of our offerings within the priority area of Energy Efficiency and Renewable Energy Technologies, and some resources that are relevant to today’s webinar. 


So first you’ll see under Peer Exchange and Trainings, I want to highlight training opportunity that some of you might be interested in.  The Department of Energy, including folks here in our Weatherization office as well as our Buildings office, and the Pacific Northwest National Lab, PNNL, are offering classroom and hands-on commercial building re-tuning training, both for public and private sector entities using a train-the-trainer approach.  The first one is being held this month, and that’s already filled up, but there will be future dates and locations to be determined, so for more information, if you’re interested in those after today’s webinar, I encourage you to e-mail Crystal McDonald at the e-mail address that you see here.


We also want to point everyone to our sister program, the Federal Energy Management Training series.  There are quite a number of past trainings that they posted on retrocommissioning and re-tuning, and those are available online.


And then in addition, today’s webinar, as I mentioned, is a part of the series, so I want to point everyone to a couple of upcoming webinars we’ll be hosting through TAP.  First on August 1st, a session on Energy Efficiency and Higher Education Facilities, particularly how states can support that work, and then our next technology focus webinar is on States and Emerging Technologies, so how states interact with and can demonstrate emerging technologies, and that is on August 15th.  So the e-mail address here, you can register for those.  You can also see all of our other upcoming webinars; and that’s also where you will be able to access our webinar archive, where the slides from today’s presentation, as well as a recording, will be available online in about a week to two weeks.


In terms of resources, there are a number of DOE and other resources to point you all to.  First, I’m sure our speaker from PNNL will point to this, but they have a website on re-tuning in commercial buildings in particular that has a lot of great opportunities and highlights some of the training opportunities I mentioned.  Our Building Technologies office also has a page that directs you to the PNNL page but has a couple other guides highlighted there as well.  And then our state and local energy efficiency action network has a fact sheet particularly on retrocommissioning for state and local governments that might be of interest and that can be accessed online.


Finally, our Solution Center is our online portal for all of our resources, and we’ve been working on the portions specifically dedicated to technologies and technology deployment, so that’ll be live during this year.  


Next slide.  As I mentioned, the Solutions Center is really the best place to go and to access all of these and our other technical assistance program offerings.  That’s also where you can submit an application for one-on-one assistance, and then finally, just to stay up to date on all our latest and greatest, you can send an e-mail to our technical assistance program mailbox and sign up for our TAP alerts.  You can also send us any of your feedback and comments there and suggestions for future resources or webinars.  So thanks again to Erin Nobler for hosting today’s session, to Ron Underhill of PNNL and Luke Ilderton of Energy Outreach Colorado for providing their technical expertise and real-world experiences today.  And finally, thanks to all of you again for taking the time.  I encourage you to just take a minute at the end and fill out the feedback questions at the end of today’s session.  These are really helpful for us because we do these webinars to benefit you all, and we want to make sure we’re improving them as we can based on your feedback.  So thanks a lot, and I’ll pass it back to Erin.
Erin:
Thank you, Molly.  Now let’s go ahead and get started with today’s presentation.  I’d like to introduce today’s first speaker: Ron Underhill.  Ron works in the facilities and operations engineering department at Pacific Northwest National Lab and has been there for over 20 years.  He currently works in Building Systems Technology office, and his focus is on training and automated false detection and diagnostic development.  Ron.

Ron:
Thank you, Molly.  It’s a pleasure to be here today and present this information.  I hope it’s helpful to everyone.  As was said already, I work in the Building Technology group focusing on training, diagnostics and controls.  You can go to the next slide, please. 


We want to focus today on training.  We believe that building operation staff who are responsible to maintain and operate primary building systems need training, interactive training, in basic building retrocommissioning, or what we often refer to as re-tuning, capabilities.


Next slide, please.  As this proverb shows, a lot of people, when you tell somebody something, they’ll probably forget.  If you show them, they may remember, and if you involve them, they will definitely, hopefully, understand.  


Next slide, please.  A number of studies have shown retrocommissioning can save significant energy savings up to 30 percent.  The cost varies as can be seen on the slide, and the saving also can vary by square foot.  And the payback values often range from very few months to a few years.   The key point in this slide is a number of measures that are addressed by retrocommissioning often relate to the ability to control building operations, and specifically, the inability to control it efficiently.  Some of the things we often run into include things like set points, schedules, how we operate the building during shoulder months.  Do we have tail-wagging-the-dog issues?  Do we have comfort complaints?  Do we have legacy issues?  Do we have design issues, maintenance and operations issues?  Things that would indicate that things use to work in one manner, but they’ve changed over time for any number of reasons.


Next slide, please.  Retrocommissioning is not as widely used as we’d like to see it used in the marketplace.  A lot of times this is because of a perception of cost.  Sometimes it can be costly with paybacks in some range of time that some building owners aren’t willing to invest in.  So a lot of measures will have short paybacks.  The issue for a lot of building owners and operation staff is the persistence of the savings.  And a lot of times we see measures that do not persist for more than six months, maybe through the heating season or the cooling season depending on what was retrocommissioned.  Some of the gaps that we’ve identified directly relate to a lack of training for the operations of maintenance staff, so someone could come in and help someone who’s a building owner or is O & M staff tune things up, but when that person goes out the door, that knowledge based often walks out the door, and if we haven’t done an adequate job of training staff and how to properly operate and maintain equipment after we’ve either replaced it or retrocommissioned it, then the problems may come back.


Next slide, please.  We believe that re-tuning training is an opportunity to bridge that gap and persistence.  It’s a systematic process to identify and correct building operational problems that lead to energy waste.  And specifically in large buildings, it’s targeted at building automation systems.  It can be smaller buildings but primarily you see building automation systems invested in mostly larger buildings.  Re-tuning can also include some small low cost repairs, especially if it relates to instrumentation that’s used in that building automation system.  Once staff are trained to re-tune buildings, we believe this address cost and persistence issues.  We also believe that leveraging a building automation system data, the information from that data can be used to target specific operational problems, and thereby lowering the cost of implementing retrocommissioning actions significantly.  Because re-tuning can be fractional of a larger retrocommissioning effort more targeted, we believe it should be done periodically at least twice a year during before or during the heating season and before or during the cooling season.  But really it should become a consistent practice once it’s learned and implemented. 


Next slide, please.  This slide, as was stated earlier, some of the links to websites that we developed that the audience can go to if they want find more information on re-tuning.  Originally, re-tuning was developed by the state of Washington.  It was funded by the state, and then DOE, department of Energy, continued that funding to further developed the re-tuning training.  And some of the additional helps, if you will, we have an online interactive training module that anyone can access by going to the PNNL.gov building re-tuning link.  The interactive training allows for anyone to basically go to a building, basically an electronic building and simulate problems, simulate solutions, and repeat the problems and repeat finding the correct solution.  So instead of having to trial and error in a real live building where people are complaining, this gives trainees opportunity to interact online and basically work with chillers, boilers, pumps, air handling units, turnover boxes and a few other building systems to find what the problems might be, how do identify and go down to the root cause analysis.  It’s not going to be – identify every potential problem, but it gives trainees a starting point.  And then we recently developed a re-tuning training for smaller buildings that don’t have BAS systems.  It’s more of a prescriptive approach.


Next slide, please.  A large commercial building training that’s been developed by the PNNL basically is two parts: classroom training for one day and then field training for another day.  The intent of the training is to help provide in-depth re-tuning approaches, help technicians and operations staff understand what they should be looking for in the field when they do a field walk-down, which we’ll talk about a little bit later.  And give people most importantly an opportunity to ask questions and clarify different aspects of the re-tuning process.


Next slide, please.  So there’s six primary steps to re-tuning.  I’m not going to go through every step, but most of these, some of these staff in a building should already basic building information, whether it’s drawings, prints, how the building’s configured.  Sometimes staff don’t have access or don’t know where this information is.  That can be a challenge, but we’re going to basically start with certain assumptions, and then guide people through on how to collect building information.  It might include sizing of motors, air handling units, chillers, VAV boxes.  A lot of that information is already in existence on mechanical and electrical prints.  And then we’ll go through collecting data and showing trainees how to set up their building automation system to trend data, how to collect it, how to analyze it; and then we’ll go through walking down their building, basically an analysis of the data should’ve already highlighted problems.  And we’re going to look at some slides here shortly of what we’re talking about when we look at the building automation system, so when staff walk down their building, we’re basically focusing what we’re looking at.  Often we find that people when they operate, maintain a building, it’s too easy to walk through the building, go through the front door and do your daily tasks and literally walk by problems that are underneath your nose.  Some of them might be things that are not even related to the building automation system, more prescriptive items.  We’ll talk about shortly.  And other things might be related to the building automation system: things like schedules, set points and things like that.  So again, the idea is to identify opportunities and then implement changes.  A lot of times people are looking for the homerun change, and our focus is on small, gentle changes to a facility, and if – we’re asking occupants as we walk down the building, are they hot, are they cold, are they uncomfortable.  We’re trying to get the operations and maintenance staff into the mode of looking for problem areas, and most operations and maintenance staff already know where those areas are.  Most operations and maintenance staff don’t want to go ask those occupants because they already know they’re going to get perhaps some comments they don’t want to hear.  But the idea is to identify where there’s opportunities: leaking pipes, chill water and hot water coil control valves that are leaking by missing insulation, holes in the envelope, broken windows, missing seals on doors – those are a lot of the things we’re looking for.  And then we’re going to encourage basically looking at the meter, making sure that if we’re going to implement changes, we want to see a positive result at the meter.  Sometimes when we’re in the mode of correcting problems, we may see momentary increases in the energy meter where it’s gas and/or electric, but over time, the end result should be a gradual but consistent drop in energy.


Next slide, please.  Some of the things – and we’re not going to go through all these things – but some of the things that we encourage trainees to be looking at, and these are problems that we consistently find when we look at the BAS data, occupancy schedules often are longer than they need to be.  Most buildings operate from 6:00 to 6:00, Monday through Friday.  We often find schedules over time have been widened out to maybe 2:00 AM to 10:00 PM, including weekends or shorter schedules on weekends.  And weekends and nights are opportunities – nobody’s watching the building.  Operations and maintenance staff aren’t there.  A lot of times we find the building is configured to run through the night – and not during the extreme weather – and some of the analogies we throw out: similar to your car when you drive it home, when you park it in the garage or in the driveway, you don’t leave it idling so it’s ready for you to get in the next morning, but a lot of times that’s how we operate our buildings.  And we’re looking at lights: are we leaving the lights on at night?  Discharge set points: we often find temperatures are extremely low.  That’s often necessary on design days for cooling, but we see that in the middle of winter.  Do we have simultaneous heating and cooling?  A lot of times we say when you jump in your car and you accelerate with the gas pedal, do you trim with the brake – of course not, but we find that that’s how we’re operating our air handlers a lot of times.  BFD-driven equipment with air handlers and pumps gives us the ability to reset static pressures on air handlers and loop pressures – differential pressures on loops – we’ll talk about that more in a minute.  We often find economizers are bringing in excess amount of outside air.  And we’ll look at central plants, if the building has it, and zone conditioning terminal boxes and finally, the meter profile.


Next slide, please.  So this is some of the slides that we’re going to look at that we would present or we would encourage trainees from their building automation system that they can also bring up.  This one happens to show static pressure, and it shows a several day period.  When the line drops down to zero that would indicate the fan is off.  So there’s some things we basically say on the slide: are there opportunities here, and some of the opportunities that we would identify on the weekends, we can see that we’re still maintaining static pressure around two inches.  We’re not shutting off this air handler.  Is there a reason for that?  A lot of times there may be.  If the building is still occupied, can we lower the static pressure but still ventilate?  Do we have – Wednesdays we show that the fan is off for only a few hours and that’s in the middle of the week.  Is that a legacy schedule that someone put in?  Does it still need to be set that way?  There may be some other opportunities.  We would definitely emphasize this during the shoulder season.  April we’re not in extreme heating or cooling weather.  So those are some of the things we really encourage people to look at just from a simple data – trend data – for air handler static.


Next slide, please.  This particular slide is an example of what we call simultaneous heat and cooling.  The red line is the heating valve.  The blue line is the chill water valve.  And we can see at night, there is a period where they’re both at zero, but during the day, we see the heating valve almost is 100 percent open.  The cooling valve is tracking with it, not quite 100 percent open.  This is definitely an energy intensive operation, and we would say this should not be occurring, and we would encourage a look at this.  Now in some climate zones, we do know that there’s a need to reheat after dehumidifying.  This particular location was not in a high humid dehumidification mode, and so this actually opened up the eyes to the facility operations staff that they have an issue.  They simple were not looking at the trend data to see what was going on.  They were basically looking at are the occupants comfortable and that’s about it.  And so we’re trying to encourage people to dig deeper with the building automation system trended data.  This might be related to set points being too tight, no dead bands, overlapping set points, and again, this data shows from 6:00 AM to 12:00 AM, we see an active heating and cooling, so the fans are probably running.  It might be an opportunity to reduce the schedule on the fan.


Next slide, please.  We want to emphasize good control.  We see it.  This is showing an air handler with a discharge set point in red and the actual temperature tracking it in blue, and we see very good controls – not too tight and it’s a three-day period going.  We don’t see anything that would indicate the fan shutting off.  This does indicate that the discharge temperature is being reset based on some condition.


Next slide, please.  And so what we’re after with the re-tuning emphasis in large buildings is that there is opportunity to gain as much as 30 percent energy savings.  Generally 10 to 15 percent is what we generally see, but sometimes we’ll see 30 percent, maybe once in a while greater.  But 10 to 15 is probably the general savings opportunity.  Again we want to train building managers and operations staff and ways how they can identify and correct operational problems as they arise rather than years later.  And often times, we see that people are waiting, waiting, waiting.  They know there’s opportunities, but they’re not going that next level implementing changes.  We believe that re-tuning will result in a proactive, a more efficient building operations at low cost to building owner and manager.


The two graphs, the one on the lower left was at a building in the Washington D.C. area.  This is strictly a gas savings of – so two things that they were able to implement in this building.  It had a very high Energy Star score already, but they found that they were running their hot water loops higher.  They were not resetting them, and the other thing that they implemented was a plant shutdown.  Some places we see hot water plants running year round.  And they decided they were going to see if they could actually shut it down without a negative impact to the building.  Huge opportunity and huge savings.  As you can see it on the graph to the right is the electric savings for a U.S. federal building in the Midwest.  I won’t say which one, but I will say this: they had expended a lot of capital investment through our efforts.  New controls, new chillers, new boilers, new pumps, new air handling units, new VAV box and terminal boxes; and then we came in a few months after it was fully commissioned, and basically they turned the building over to the occupants, and basically there were several things that we identified to their operations staff that they implemented on their own; and this building for the last year and a half to almost two years has seen almost a 15 percent savings.  And what you can see is this graph shows weekday versus weekend operations.  The weekday savings is the black line, and this is what had normalized.  So they did see a significant savings during the weekday, weekends because the federal building and how they operate, there were some things that didn’t allow them to quite harvest as much savings as they were hoping to.


Next slide, please.  So when we talk about smaller buildings and the prescriptive re-tuning training, some of these bullets are the same for large buildings.  Our basic management principle is we encourage and emphasize is if you don’t need it, turn it off, but if you do need, but you don’t need it full power, turn it down.  Obviously, lighting with dimming controls allows that.  VFD-driven pumps and fans ______ capability.  Make smart energy decisions when you’re adjusting the systems to the real building needs.  We don’t want to see the tail wagging the dog, but we often find that.  Small space, small load ends up driving chiller plants, weather plants, discharge temperature; so we’re trying to encourage O & M staff how to find ways to make smart energy decisions.  Learning your building’s personality: we talk about buildings having personality.   Just like people, no two buildings are the same.  They may even be built identical, but how their operated, how they’re maintained, their mission, their use, what loads you see in those buildings change over time, and that impacts how we respond as we operate and maintain buildings.  We definitely say you can save energy without negatively impacting comfort.  That’s a huge stumbling block for a lot of people.  More is better is the mantra that we see in a lot of public and private buildings.  Colder air, more chillers, more boilers, more airflow; and we’re simply saying that’s not always true; in fact, most of the time, it’s not true. 


We want to encourage walking down your building, using your senses when you don’t have BAS system, now you as the person have to identify the opportunities by looking, listening, smelling, touching – unfortunately, we don’t ask you to taste your building.  If possible, we encourage walking down a building during the occupancy hours as well as at night and weekends.


Next slide, please.  I’m going to hurry up and go through those last couple of slides.  basically, there’s four approaches: collecting data, investigating, implementing and documenting.  Again, the prescriptive approach is to identify those opportunities through our senses of no and low cost improvement opportunities.  Some of those opportunities we do recognize may require an investment.  If you got a rooftop unit that’s 30 years old, it’s way beyond its useful life, there’s probably not a whole lot you can do.  But those things, we are recognizing those things also –


Next slide, please.  The focus areas on smaller building re-tuning  in a prescriptive approach include your envelope, windows, walls, doors, attic, crawl spaces, HVAC systems, packaged air conditionings, heat pumps, rooftop units, lighting, hot water systems, office equipment, your duct work, air distribution systems and finally, what does the meter say.


Next slide, please.  So this is just from some of our training that we’ve already developed.  On a walk-down, we’re focusing on the envelope, doors and windows.  Are the windows operable?  The upper picture, you can see windows that are open.  We have yet to go to a building that has the operable windows where we have not found them open.  And some cases open for a long time.  Are they single pane, double pane?  That might be a capital improvement.  Are they open during the walk-down?  We have found doors wide open, and we’ve come back an hour later, no one’s there in the space.  The picture on the lower shows a loading dock.  Cold air comes in, infiltrates into the building; so we’re basically looking at again, if this was my building, how well am I managing it, doing a condition assessment, if you will.


Next slide, please.  Are there insulation opportunities in insulation?  If it’s missing, it’s probably going to be a capital investment, but if I’m not aware of it, and we’re saying there’s some things you can’t be aware of unless you have tools.  Temperature gun or more of an infrared camera: a lot of people are adverse to using some of the technology out there because of the cost.  We’re saying that the cost has come down now.  A lot of this technology, we encourage its use.  Upper picture shows a wall, interior wall that was very cold.  Occupants were complaining.  No one was aware of it.  The lower picture shows a condensate line.  Extremely hot.  It was painted black, as were all the piping in this mechanic room.  Just by walking by, you’d never know unless you put your hand on this uninsulated pipe; so again, we’re saying there’s opportunities in these buildings, we just have to have the tools or the awareness of finding them.


Next slide, please.  This last one shows insulation and vent issues.  We basically say there’s a lot of legacy equipment in buildings.  Smoking rooms use to exist in a lot of public and private buildings.  Most buildings have banned smoking, but we still find exhaust fans and duct work.  Can those be removed?  Are they sealed up?  Are we allowing cold air, hot air to infiltrate?  The lower picture shows insulation in an attic.  This is in a public school, and most of the insulation had fallen down.  It was extremely hot in the attic space, and it was affecting the temperature conditions in the classrooms as well.  Why no one had gone up in the attic space, I couldn’t tell you.  Again, a lot of this is going to require people to start looking in places that have a secondary impact on what’s going on in their building.


Next slide, please.  And then on a small building prescriptive approach, one thing that we do encourage is looking at programmable thermostats.  Even on BAS systems, we see this time and time again.  What are the set points at when I’m in an occupied or unoccupied mode?  And we recommend at least five- degree change from occupied to unoccupied setting.  The wider the setting, the more energy savings.  Recovering can be an issue when I come out of night set back, so again, is there a set back?  What does the schedule say?  How much am reducing during occupied mode?  How tight are my set points?  If it’s tighter than two degrees, we would recommend widening it or otherwise you could have not simultaneous heating and cooling, but you could driving your system from heating to cooling, oscillating back and forth.  We see that regularly.


Next slide, please.  And we’ll finish up with this last slide here.  This is what we do with a lot of our training.  We go through scenarios and if we can at the place where we’re training at, but this was a conference room, we walked in, and walked by it several times and saw this, and finally we took a picture, but if you click on your button, I think it’ll animate the slide.  So the actions that might be considered are do they have signage?  Simple signage to tell occupants to turn it off. 


Next.  Go ahead and click it again.  Would this be a great space to put an occupancy sensor?  That’s a capital improvement potentially.  Are there other low-cost improvement opportunities for other types of sensors?  Is it overlit?  Maybe we can reduce the amount of light in here.  Or maybe we can put in dimmable lighting controls.  And with that, I’m complete.  Are there any questions?  I’ll turn it over to the moderator.

Erin:
Great.  Thank you, Ron.  And as a reminder, we will actually take questions at the end, but please don’t forget that you can submit those on your panel on the right hand side of your screen.  So now I will pass it on to our second speaker, Luke Ilderton.  Luke is the director of Energy Efficiency Program for Energy Outreach Colorado.  He specializes in public assistance, renewable energy and energy efficiency projects that benefit the low-income population of Colorado.  He manages utility and federal, state and municipal energy efficiency programs in Colorado and has extensive knowledge leveraging multiple funding sources to complete deep retrofit in existing buildings.  Luke?
Luke:
Thanks, Erin.  Glad to be here.  Like you said, I have experience in lots of energy auditing, benchmarking, energy policy programs, energy management programs, and lots of technical assistance, and at one time I was a contractor for many years. 


We can go on to the next slide.  So the Energy Outreach Colorado, we’re a private nonprofit that works closely with the state of Colorado to provide utility bill assistance and advocacy for low income Coloradans, and we administer several state, federal utility municipal programs out of the office and leverage all those funding to make sure that we’re able to complete projects within the state.


We can go to the next slide.  So we have three programs, and we’re very diligent about tracking our actual energy savings, and we’re proud to have over 20 percent of actual energy savings from our projects.  We spent over $27 million in energy efficiency funding, and I can’t stress the importance enough about leveraging all the opportunities and the funding opportunities out there in terms of federal, state and municipal utility and private funding as well to be able to complete those projects.  I think that’s going to be key in the post era world.  And we also administer a energy education program that we’re actually able to separate from our efficiency program, and I’m proud to say we are having average of 7.4 percent from just energy conservation education alone.


Next slide, please.  So retrocommissioning is a systematic process.  It identifies and improves the optimal energy performance of existing buildings, equipment and control systems.  So really the intent is not to come in and redesign the building and use a massive amount of capital improvement funds to replace equipment.  It’s really, as Ron says, a re-tuning process.  It’s a continuous commissioning process to ensure that the equipment is operating at its most efficient state.  For state and local governments, it’s really important to create policies that encourage or require retrocommissioning on private and public buildings.  It’s happening all across the country, and clear guidelines is really the best bet in terms of states and local governments guiding engaged stakeholders.  Right now, and I will talk about this further in another slide, but there’s local laws coming out of New York and one of the most recent one is local law 87, where they’re requiring energy audit and retrocommissioning study to be produced on 50,000 square feet or larger buildings.  In California legislation is mandated that all state-owned buildings over 50,000 square feet be retrocommissioned, and San Francisco, even before they had the state-wide legislation, had commercial buildings over 10,000 square fee that have a energy audit and list retrocommissioning measures that need to be implemented.  And if you’re a state energy office and you want to pursue these policies, I think that the most important thing is that you’re extremely transparent and upfront in terms of the rules and some of the guidelines you provide to stakeholders.  I think it’s also really important to make sure to engage everyone that could have a stake in this program as well.


Go on to next slide, please.  So some of the examples that we’re finding in retrocommissioning – I know Ron covered some of this – is that we’re enabling malfunctioning controls; we’re optimizing economer functionality; we are optimizing schedules and optimum start times; we’re eliminating boiler short cycling, and that’s quite an issue, where we have lots of hydronic heating.  We’re dealing with nonfunctional building automation systems that’s allowing the building to run wild, and the equipment to function independently; and then also many times in smaller commercial properties, they don’t have a dedicated IT cooling system, and therefore, the central building system is cooling the internal heat gain of that’s produced by the IT equipment, and that’s just basically a wasteful situation and can easily be resolved with potentially a small mini-split system or small fan-powered VAV box to circulate the cooling or at least some kind of independent outdoor air economizer, and a lot of times, a combination of one or two of these is the best solution.


Next slide, please.  So who is affected in retrocommissioning policies?  And really, we need to engage the stakeholders immediately, and when we’re encouraging public and private building owners to participate, I think the best practice and it’s something that we’ve done here in Colorado is go and talk to property owner groups, talk to property management groups, the tenants and then the energy service providers who are providing the retrocommissioning study.  It’s very important just to have that stakeholder feedback on what kind of policy will drive participation and also what works best for your region in terms of rolling out some type of guidelines or even a mandatory program.  And certainly some of the most successful retrocommissioning policies goes beyond just a one-time effort, so encouraging continuous commissioning by the facility maintenance staff.  I can’t emphasize enough what Ron’s point of how important it is to train building operators, and when you’re involved in the retrocommissioning process.  And that is my greatest asset when I’m going ahead and starting a retrocommissioning study, and certainly the building operators have the ability to continuously commission the equipment and learn from the some of the mistakes that might have been made in the first-time construction or policies that affected equipment replacement decisions.  And educating the building owners as well in terms of encouraging their building operators to take up training, to create and execute an operations and maintenance plan.  Obviously, the facilities managers can become knowledgeable on the subjects, but if they’re not empowered to go ahead and follow out the O & M plan or some of the recommendations from a retrocommissioning study by the building owners, the whole effort really just falls apart. 


Next slide, please.  So with public agencies, I think one of the best practices out there that has worked for other states is sampling a group of their own buildings and using some of the pubic policies and public knowledge that comes out retrocommissioning public buildings to encourage the private market.  That’s happened in New York City.  They first required benchmarking of all the 10,000 sq. ft. city buildings – 10,000 sq. ft. or greater city buildings.  And then the also 10,000 sq. ft. private buildings.  I believe that was land Law 84, and now they’ve rolled out land Law 87 in order to make sure you’re fixing those issues, and some of the results that came out of those benchmarking policies certainly drove the overall embracing of land Law 87.  It’s really important to – some of the ways – I guess the most popular ways to encourage and require retrocommissioning is to maybe require it at the time of a sale of a building, to require it when there’s a major replacement of HVAC equipment or require it during major renovation.  And certainly something else that the state agencies can think about is that the best way to encourage it is to provide clear and very comprehensive resources in a guideline type of format for voluntary compliance.  Simple checklist to assist in implementation.  Simple guidelines to derive the study, to make sure the retrocommissioning study is still cost effective when you’re engaging with a third party private firm.  All this really just makes it a lot easier for the private building stakeholder to embrace this effort; and then eventually market their participation, especially if it’s voluntary.  That’s extremely important.  To make it easy to show that they were in voluntary compliance and then market their success to the rest of the community.


Next slide, please.  So state and local governments, they can conduct retrocommissioning in a sampling of their own buildings, like I just talked about.  And use those results to develop a broader policy for all public buildings.  A great example of this is what their doing in Illinois right now.  So the Illinois energy office is basically funding free retrocommissioning studies to local, state, federal school districts and colleges, and they’re offering an incentive of $10,000 in improvements to go ahead and implement the improvements within 10 months of the study, so that they’re paying for the study and then offering a certain amount to go ahead and execute the implementation phase of the study, and so far, from what I’ve heard from a few colleagues in Chicago, it’s been very successful, and I think what they’re anticipating is to follow suit in New York, and it will influence the private market and then maybe influence some public policy around the private market to have more incentives available for retrocommissioning.


Next slide, please.  So for private buildings, the state and local governments really can reach the private markets with more of a voluntary or a mandatory approach, and again, as I talked about – checklists, guidelines, even technical assistance provided by the state to answer questions from private building owners is really effective.  This program, we launched a few years ago in Colorado.  It’s been very effective in terms of explaining the benefits and having a nonbiased state representative talking about the advantages of retrocommissioning.  But a mandatory approach could work as well in terms of public policy, and what has generally been accepted in the past is when there’s a time of sales, the buyers market knows how that building is performing; when there is a major HVAC replacement, to make sure that just the low bids and the least efficient equipment is not installed, or it’s installed properly with maybe continuous commissioning; and then also a major renovation.  So you can combine major capital equipment expenditures through an energy audit and also address some of the very short payback measures that the retrocommissioning studies might uncover.  I’d say number one, if any of the state energy offices or local government energy offices are thinking about pursuing this, contact your public utilities commission; contact your electric utility provider; find out more about demand-side management programs in your state and certainly leverage that funding with any available state funding.  Often times, a large percentage of the retrocommissioning service can be covered.  And for example, in Colorado, just to show a few examples outside of California and New York, which are certain the anomalies when we’re talking about progressive energy policy.  In Colorado, 75 percent of the retrocommissioning service can be covered for large 50,000 sq. ft. or larger buildings, and they also provide rebates of up to 60 percent of the measured cost that you’re building to exist from the retrocommissioning study.  It’s very similar in Maryland with Baltimore Gas and Electric.  They offer 75 percent of the cost of the study, and then they also offer any incentives for a 1.5 year payback or less measures that are identified throughout the study.


Next slide, please.  So retrocommissioning is just one part of an effective energy policy sweep.  I think an entire energy management program and in combining retrocommissioning with an actuary level one or level two audit is an easy way to roll these programs out and sell it to the public and private markets.  Number one, and this is certainly been the case in other public policy type of rollouts, such as New York City.  They require benchmarking right away, and they require disclosure policies, so in New York, they will disclose your Energy Star portfolio manager score on the department of finance website, and it takes a number of years to have that removed, so if you’re an underperforming building, that is going to significantly impact obviously the price and some of the value of your building stock, so that’s a way to incentivize private owners to clearly mark it and demonstrate that their energy performance of their building is up to par.  So retrocommissioning should not be a one-time effort.  I know I’ve said this over and over; and again, it needs to be regular, performance feedback by a third-party consulting group.  Your facility maintenance team –continuous improvement efforts, creating and executing an operations and maintenance plan, and then constantly evaluating, constantly benchmarking your building – will drive some of that culture change that needs to happen in some of these buildings.


Next slide, please.  For financing, retrocommissioning is often financed in the private market by their own capital because of the very short payback periods.  It’s obviously – the financial incentive is there for them to invest their capital to have two-year paybacks or below measures go ahead and address those.  What is happening in a shift in the market is that many energy service companies are offering retrocommissioning for an entire municipality on all their public buildings, and that’s an important program and obviously requires a huge effort by the municipality, but it might be the best way to address retrocommissioning on a really large scale.  Loans are typically pursued for retrocommissioning because of the interest returns and the shorter paybacks.  Loans are pursued for larger capital expenditures, deep retrofit type projects; but sometimes that might be your best and only option to offer that to the public or private market to incentivize retrocommissioning.  Certainly utility incentives have gone a long way in retrocommissioning.  Obviously, it benefits the electric utility and some of their demand reduction goals, and so again, I encourage you to talk to the public utility commission or electric provider if you have that type of compliance set up in your state.  And advocate for a retrocommissioning program to be included in the electrics utility demands type management program if it’s an investor owned utility.  Contact the utility and find out what incentives are available and then be able to clearly explain that to engage stakeholders.   Here in Colorado, we started a small business initiative program where our state energy office was able to help out small businesses reduce energy costs and create more local jobs within the energy industry and reduce carbon emissions by setting up this initiatives program to help out private and public entities who want to pursue retrocommissioning.  So again, I say that assistance and clearing up any misconceptions about retrocommissioning could be your strongest selling point.


And then there’s average costs.  I actually made a mistake in this slide.  It needs to actually be 27 cents per square foot, or $33,000.00 for the entire study.  So that’s an average cost that we’re experiencing in the West, and I will say from the last few years, we have experienced more implementation cost have doubled over the retrocommissioning fee, and that’s generally not the norm.  Many studies site that really retrocommissioning studies should cost quite a bit more than the implementation cost because of the quicker payback and the expertise needed for the retrocommissioning study.  But we found here in Colorado and much of the West, because of the change in technology, because of reduced salary and expertise in facility maintenance and reduced quality in construction, and people not hiring commissioning agents when starting new construction jobs that the implementation costs have risen for retrocommissioning projects.


Next slide, please.  So I just wanted to point out some of the cost variables that could impact a retrocommissioning study or implementation cost.  Certainly some of these variables have to deal with the scope of the project and that would be the number and the complexity of the systems involved in the building, the size of the facility, the equipment age and condition.  Obviously the commissioning service provider rates and then the level of onsite staff knowledge and how they communicate with the retrocommissioning study firm that is going to interviewing them and trying to investigate what type of comfort complaints they have or what type of building construction issues they might have or operating issues.  And certainly most buildings I have engaged with that have an ongoing present operations and maintenance program have extremely benefited from that, and we find less opportunities in retrocommissioning and certainly ones where we expected them to perform in retrocommissioning studies because they are keeping up with an aggressive O & M policy.


Next slide, please.  So to help sell to the private building owners and the community, we really need to focus on the non-energy benefits to retrocommissioning; so that would be improved environmental performance of their building stock; that would be increased thermal comfort and air quality in the work spaces; increased employee productivity; increased O & M staff knowledge; and then making sure you can budget for some of the larger capital replacements of large equipment that might happen down the road.  Certainly this is important for states who have carbon reduction goals.  This is really important, and that happens obviously with municipalities as well – it protects and enhances the property value by reducing operating costs and maintains high occupancy rates.  It reduces tenant turnover, whether it’s for residential or commercial spaces.  It enables owners to gain a competitive edge over the marketplace.  They’re able to market their building as a green building.  They may be able offer green leases.  It opens the door for lots of private owners.  It certainly protects against future liability because buildings with poor indoor air quality can affect health and comfort and productivity of the occupants and that can open it up to serious liability concerns.  And then you reduce repair and replacement costs.  Obviously, retrocommissioning improves the systems performance, increases the equipment life, and then it reduces the need for repairs because you can save money and you’re going to result in fewer comfort complaints and any type of tenant turnover as well.


Next slide, please.  So some of the key points, like Ron said, is retrocommissioning is a tuning up process; that it’s for public buildings; it’s a low cost way to reduce energy by 10 to 20 percent; it can free up public funds for other uses besides utility expenditures; and then it should always be a continuous commissioning effort.


Next slide, please.  So I want to touch on two examples, two real-world examples that I’ve dealth with just this past year – maybe the past two years actually, and I want to start with this day shelter that we retrocommissioned.  And so when we started the project, it was at almost $2.48 a square foot, and the Energy Star portfolio of two, believe it or not.  And what was interesting about this project was that it was built in 2007 with a very efficient envelope.  It had a green roof.  It had solar thermal collectors for domestic hot water, had really fancy digital controls system with demand control ventilation, but then after a few years of occupancy, the service agreement with the controls contractor was terminated because of some disagreement they had with the facility maintenance, and then several of the controllers start – lost communication with the BAS and basically the coordinating and the scheduling controller; so basically the building started to run wild and run 24/7.  And I won’t go into the more technical specifics, but this facility when we first started engaging it was using twice as much energy as similar facilities in Colorado.  So I know Ron had mentioned some of the simultaneous heating and cooling, and that was certainly going on in this building.  


Let’s go on and look at the next slide.  So this is a graph of the electrical usage of the building, and this building was mostly electric.  Mostly the hot water system was covered by the solar thermal system I mentioned before.  Mostly electric building – when you look at this graph, you can see that obviously that there’s – as we expected – we show a slight increase in electrical usage in the cooler months because they had an electric reheat system.  So that’s to be expected with this kind of HVAC system.  But it’s really notable to see that there’s no additional electric use in the warmer summer months, and I don’t know – and I’m basically talking about the graph, the bar charts in red.  That's the first baseline here, right there.  And so that was counterintuitive.  We expect to see substantial increases in the electricity during the warmer months to cool the building, so that started to suggest to us that the building was operating very inefficiency with large amounts of simultaneous heating and cooling year round.  Again, points out the importance of benchmarking these buildings as a first step.  And so basically, as we pointed out before, some of the 55 degree cooling air was coming in and it was being reheated in the supply stream, and it was certainly the benefits of this system wasn’t operating when necessary amounts were called for in terms of that cooler air; so many times it was just operating at 24/7 pattern.


Next slide, please.  So I just wanted to show the very few pictures that are appropriate for retrocommissioning, but I wanted to show this because this was a shocker when we found these: disabled controls.  We couldn’t determined if it was the fact that because the control contractor was let go or just inexperienced with this type of control system because they went with a low bid, but certainly is something that is found quite a bit out in the field.


Next slide, please.  So one more example I want to talk about was about a community center, and it was built in 1953, and it was a $1.90 per square foot.  Again, another building with a 100 panel, fancy renewable energy system, 100-panel solar array installed, had an Energy Star portfolio score of 15.  To not get into all the details of the measures, there were certainly a lot of over ventilating, so we needed to correct the unoccupied mode or the outdoor air damper; we needed to optimize run time; we needed to standardize set points, so some of the more basic and retrocommissioning findings that you uncover when you’re conducting these studies.


Next slide.  So I just wanted to get a cost-effectiveness of these projects.  That day shelter, we here at Energy Outreach Colorado track all of our energy usage, post energy analysis and energy cap, and so it’s weather normalized.  Currently right now, the day shelter is saving $31,400.00 a year.  I encourage anyone who’s out there thinking about adopting this program to add the study and training cost as well as the implementation cost when you’re thinking about your simple payback, and to have a simple payback of 1.1 years is pretty amazing.  Same thing with the community center: certainly considered all the implementation costs and the study costs when you’re thinking about your payback; but again, 1.9 years.  And sometimes it’s important to think about all the planning and staff time and training that really goes into these efforts.


Next slide, please.  So New York City, as I’ve spoken about before, has adopted this land Law 87 and it went into affect this year, and it’s for public and private buildings that are going to be 50,000 square feet or lower, and it’s going to require buildings to undergo an extensive energy audit and retrocommissioning every ten years.  And what’s important to get out of what New York is doing is two things: the volume that they’re taking on.  Their talk of about 1,700 buildings a year and the way they have it scheduled out for the next 10 years, and then at two-thirds of those buildings are going to be multi-family residential buildings.  And New York City has been encouraging early compliance for the last couple of years because of land Law 84 requires buildings to be benchmarked.  They needed to be benchmarked and then have the score disclosed publicly, and so that incentivized a lot of the private market to go ahead and make sure they were going to have a favorable public score posted on the Department of Finance website.  Because of the way they have this program set up, they had a very low score, they wouldn’t be able to get – have all the measures completed and then have a follow-up report to change that score for four years; so a building would have shown a very, very low score for four years, and they couldn’t do anything about it.  And so that was a huge incentive point for compliance.


Next slide.  So again, like the lessons learned, so much changes in these buildings when you’re dealing with new construction, and the two examples I talked about – one was a little older – but the 2007 building, where the energy model, the changes to the electrical and mechanical design engineer, changes to general contractor and changes to the subcontractor, they have a huge impact on how your building is performing and operating, and so many modified plans and installation problems out there, so I just encourage everyone to not think just because my building is new or I’ve had this equipment replaced in the last ten years that it’s not a good candidate for retrocommissioning.  Most often it is.  And the older buildings are just generally better candidate for extensive energy audit rather than just retrocommissioning, and certainly can have a huge impact on operations and maintenance problems and comfort complaints.  


So that’s all I have.  I guess we’ll turn it over to the moderator for questions.
Erin:
Great.  Thank you, Luke, and Ron as well.  Thank you both so much.  First, just a friendly reminder that the slides will be sent out after today’s session, along with a link to where you can access the recording once it’s posted.  And generally takes one to two weeks, so you will be able to receive the slides and eventually a posting of the actual webinar.


So now we’ll get into the question and answer session.  We will get to as many questions as time allows, and we will get started.  I am actually going to start with one question that we received for Luke.  If you could provide more information about the conservation education mentioned that resulted in the 7.4 percent energy savings – was this employee training, school curriculum, was it schools and what age groups and any information would be wonderful.  Luke?

Luke:
And yes, so we have extensive program where we engage with the building staff and the building owners to enforce the importance of conservation, and often times it’s very simple in terms of how – we first teach you how to read their utility bills; teach people – get an understanding of what demand charges are and so they get a better understanding of when they should operate their building.  We help facilitate the creation of green teams, so building occupants and – I have to apologize.  A lot of my work happens in multi-family, large buildings, so we’re dealing with tenant organizations where the tenants are extremely engaged, and they want to see more conservation culture take place, and they really drive the change from there.  We offer lots of templates.  We go back and do post-survey work, but what we’ve done for a certain set of these buildings is just rolled out an education campaign and then track the results just from education.  Many times that’s very difficult for states and organizations like Energy Outreach Colorado because we’re really administrating energy efficiency programs; so it’s difficult to separate out just the education, conservation programs; but my contact information is listed in the slides.  Please contact me if you want some more information about the specifics.  I can go on and on about education the whole entire webinar, so maybe NREL will invite me to do that or DOE.  Did that answer the caller’s question?

Erin:
Yeah, I think that was great.  Thank you.  I’ll just go ahead with another one.  Luke, it looks like we have another one for you.  Can you speak to the Colorado incentives the state energy office created, and how the retrocommissioning was funded?

Luke:
I know I’ve mentioned the small business initiative program, which was funded through ARRA and I know that’s tough for everyone to hear right now.  What it did really was – and that program is not available anymore – but here in Colorado, we’re in a fortunate situation where it’s not exactly necessary because of the private incentives offered by regulated utilities here; but the Colorado energy office offered technical support, and basically oversight of any retrocommissioning studies to make sure that they were appropriately administered, that the costs were reasonable, that the measures identified were fell within the normal range of what was recommended.  So I think I’ve said this several times, the technical assistance could be a really powerful tool if the state program is thinking about rolling a retrocommissioning program out because many building owners just don’t know where to get started nor have the time, or don’t know exactly who to contact and get a trusted bid proposal to provide retrocommissioning services.  And if you can leverage that with utility funding, which is what the state of Colorado did, you can have a very, very successful program.  Really, just the administrators, the actual staff at the energy office was funded by the Aura dollars.  Really, the utility incentives and the technical assistance they provided really drove the program, so I can’t emphasize that enough.

Erin:
Okay, thank you.  Ron, I think this question may be for you and Luke.  You may have information to add on.  How widely available are utility incentives for retrocommissioning?  Do either one of your have answer to that one?

Ron:
I’ll defer to Luke.

Luke:
Well, I know certainly California, New York, most of the Northeast does and most of – and I really think it just depends on if you are a regulated utility or not.  If you are regulated by the public utilities commission to offer demand reduction programs, and certainly that’s a huge part of it, even though many public utility commissions don’t regulate natural gas providers as well – that’s here in Colorado – most of the retrocommissioning measures are funded through the electric programs.  So like I said, Maryland; there’s incentives in North Carolina; there’s incentives – basically – wherever there is a regulated state governmental body that is making sure that rate payers – their utilities are extending rate payers appropriately and responsibly to make sure that rates don’t go up because of capacity issues or building more power plants to supply more electricity with population growth, and it’s been very successful for the utilities and also their customers; so it’s pretty easy to go and find out who your larger regulated utilities are and look into their programs; that’s pretty much the creation of their whole department is to market their programs to the customers.  Hopefully, you know about them, and if not, like I said, you should reach out to as many utilities that are in your state as possible.

Erin:
Great.  Thank you.  And this question I’ll open to either one of you as well: what kind of experience have you had in quantifying the financial benefit of non-energy benefits of retrocommissioning?  What findings can you share?

Luke:
Well, Ron, I’ll tell you right now that I have never quantified non-energy benefits.  I’ve only – occasionally we’ll hear back from building owners about reduced operation and maintenance costs, but never really quantified in a larger study, but you might have more experience with that.

Ron:
That’s in our experience too.  Now we did experience one building – actually three buildings – that went through a retrocommissioning and re-tuning effort and those three buildings were benchmarking non-energy things like occupancy satisfaction, comfort complaints, maintenance calls, those types of non-energy – typically non-energy metrics – and they did see that there was a significant improvement from the occupant level, the maintenance level, the equipment longevity.  I don’t know what those numbers are right off the top of my head, but some people do measure that.  Some organizations do, and they’re watching.  Some building managers are measured on occupant feedback, including comfort, so I don’t have a specific answer as far as how to quantify it, but some organizations do measure that.

Luke:
I know a few facilities managers that manage large building stocks, and their bonuses and salaries are tied to reduction in operations and maintenance costs, so it’s definitely important.  And I know they also have a metric where they track tenant complaints as well.  Again, that’s tied directly as a financial incentive to those building operators.

Ron:
Now I guess what I failed to say in these three buildings, the focus was reduced energy.  The side benefit that the building manager – not that they didn’t care about the energy – but his number one comment after a two-year period was my occupants are complaining significantly less.

Luke:
Yeah, it’s hard to quantify the amount of time that building operators put in to answering complaints, but I know it’s a significant amount and it alleviates a lot of work stress as well.  I think the list can go on in terms of more qualitative improvements to the building.

Erin:
Great, thank you.  It looks like we have another question for Ron.  Ron, can SPACE easily develop a list of qualified contractors to do re-tuning or is it hard to find engineers qualified to perform re-tuning?  Are HVAC contractors qualified?

Ron:
I’m really not qualified to address that.  I don’t have the – I think that’s Luke’s area of expertise.

Luke:
I’m sorry, Erin can you repeat the question one more time, just in terms of HVACs?

Erin:
So the question is can SPACE easily develop a list of qualified contractors to do re-tuning or is it hard to find engineers qualified to perform re-tuning?  And then the follow-up is are HVAC contractors qualified?

Luke:
HVAC contractors are qualified once a third-party engineering group identifies the retrocommissioning measures to pursue.  Obviously, you put someone in a difficult situation and that financial incentive to point out issues that another contractor installed a system and then have a different HVAC contractor out there analyzing the system.  And I’d say it’s really easy to put together a qualified list.  There is an RFP out there, like a RFP template, and I think it’s PECI that put it out there, that is specifically for states to solicit bids from third-party engineering consulting groups, and once you have that list, I think people that are interested in pursuing it, can contact a few of the providers or they can put out their own RFP and send it to everyone on this list.  I know that you can find that RFP checklist on the ACEEE site, and it’s produced by PECI.  And so it’ll definitely help states offer public procurement of qualified retrocommission agents.  That’s exactly why it was created.  I think I can list the link on the answer page here – find it.  If that would be helpful.

Erin:
Yeah, that sounds great.  Another question I see is can either of you clarify the cost estimates for studies and implementation?

Luke:
That might be from my slides.  I just wanted to talk about the fact that many times when people are putting together paybacks, they’re just thinking about how much it costs to fix the problems.  So implementation cost is hiring a contractor, a controls contractor, a HVAC contractor to carry out the recommended measures from the study; and the study and training costs is what you would pay to the third-party engineering group to train your building operating staff and to produce a study of retrocommissioning measures that cost-effective.

Ron:
One of the things that we try to do, it encourages to really try to determine what the difference is between a low or no cost implementation initiative versus something that would have cost – and, of course, I think Luke addressed it pretty well ​– cost varies, especially in the West compared to what was a few years, and what the degree of complexity is.  Do you need to hire a service provider, a controls contractor?  Do you have staff in-house?  It really depends on what your in-house capabilities are.  If you’re a small building owner, you may not have in-house capability.  If you’re a large building owner, some of your in-house staff may be qualified to do some of the things identified that need to be implemented.  And so we would say if it’s something you could do in-house, it’s already a fixed cost to the building owner, he just needs to redirect those staff to make that their priority.

Erin:
Great, thank you for that.  Well, that is all the time we have today for our question and answer session.  I would like to thank our speakers, Ron Underhill and Luke Ilderton, for their time today, and I would also like to thank Molly Lund at the Department of Energy.  We will be posting the presentation slides and audio and the Department of Energy Technical Assistance Program Solution Center web page, where you can also apply for a direct one-on-one assistance.  So this concludes today webinar, and thank you for attending and have a wonderful day.

Luke:
Thanks, Erin.  I just wanted you to know I’ve posted that link on the chat board for everyone to see.

[End of Audio]
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