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Erin:
Hi, my name is Erin Nobler from the National Renewable Energy Lab, and I’d like to welcome you to today’s webinar titled “Deep Energy Retrofits and State Applications.  We’re excited to have you with us today.  We’ll give folks a few more minutes to call in and log on.  While we wait, I will 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 is 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 a telephone.  


As a rule, if you can listen to music on your computer, you should be able to hear the webinar.  Select either “use telephone” or “use mic 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 mic and speakers,” you might want to click on Audio Setup 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 this 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.


Before we get started with today’s 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 assistance programs and other upcoming webinars in this series.  Molly?

Molly Lunn:
Thanks, Erin, and hello to everyone, and thank you for joining us today.  I am Molly Lunn with the Department of Energy’s State and Local Technical Assistance Program, and I just wanted to give you a brief introduction, for those of you who aren’t familiar with our work.


The Technical Assistance Program, sometimes known as TAP, provides state, local, and tribal officials with resources to help you advance successful, high-impact, and long-lasting clean energy policies, programs, and projects.  The program’s been around for quite a long time, about a decade, and we’ve worked with state and local governments in a variety of ways.  We really see our work as supporting one of the Department of Energy’s key missions, which is taking clean energy to scale through high-impact efforts.  What we mean by that, really, is that state and local governments are at the forefront of this work, so by engaging with you all, we think we get a really good bang for our buck.


Under the Recovery Act, we were able to expand the range of what we were providing folks, in addition to one-on-one assistance, also, online resources and peer exchange, but with the transition to sort of the post ARRA world, we’ve evolved our model a little bit.  This inverted pyramid here sort of outlines the way we’re focusing our work now.  


We are primarily focused on five priority areas:  strategic energy planning, program and policy design and implementation, financing strategies, data management and EM&V, and then what we’re really talking about here today, which are energy efficiency and renewable energy technologies and technical topics.  These areas are the key priorities we’ve chosen because this is what we both hear consistently from state and local governments, that you have the most interest and need in, and we also feel that these are the areas that are really critical to taking clean energy to scale in your communities.


For each of these, we are developing resources, and wanted to connect you with resources, both general education, tools for decision-making protocols, and included in today is something we’re really trying to expanding our subset of, which are case studies.  You’ll get to hear from the state who are working in the deep retrofit space and hear a little about what they’re doing, and lessons they’ve learned.


The second tier down is peer exchange and trainings.  Obviously, today, you’re participating in one of our webinar series.  We also host conferences and in-person trainings, and we have a new offering for peer exchange, which are our Better Buildings Project Team.


And then, finally, when you really want to go a little deeper, you need a little more one-on-one assistance, we can provide that, particularly for high-impact efforts, and where we see opportunities for replicability for other communities.  That’s an application process, but we can connect you with a range of technical experts, including folks at our national labs as well as some other additional network of providers we have on staff.


On the next slide, I want to go a little bit deeper, just on the priority area of technologies and technical topics, since that’s why we’re here today.  Just to, again, to map it back to what we and other offices at DOE have available in this space, in the peer exchange and trainings arena, I want to point you to some past retrofit-related content that’s available online.  


Matt will talk a little bit about this later, but the Federal Energy Management Program, which is a sister program of ours at DOE, offers seminars that are recorded and put up online, and there are a range of those available on technical topics, including deep retrofits.


Also, within TAP, this is the second of a series of technical topics that are specifically focused on their state-specific applications.  We welcome you to join us next month, in July.  The session will be on July 18th, and although this slide here says CHP, it may be retro-commissioning.  We’ll be sure to get information out on that as soon as it’s firmed up, but we’re still finalizing that as well.  


And then, just generally, TAP offers, as I said, a range of additional webinars each month, and next week, in particular, I want to mention that we are kicking off a series focused along sectors, so how state and local governments can support efficiency programs in different sectors.  Next week will be our first session on that, and it will be focused on the K-12 school space.


And then, finally, we also have a number of resources that DOE offers for retrofits and deep retrofits.  The Buildings Technology Office and FEMP websites are great places to go, and the Buildings Technology Office is where you’ll find the Advanced Energy Retrofit Guides.  Again, Matt will go into a little more detail on those in a few moments.


And then I also want to mention that the Solution Center, which is our portal for state and local resources, generally, will be building out the section that’s focused on technology deployment later this year.  That will be available in the next couple of months, and it will be a good place for state and local governments to go, who are looking to sort of get connected with the various DOE resources that are particularly applicable to them.


Next slide.  Before I hand things off, I do just want to highlight how you can access these different offerings.  Again, as I mentioned, the Solution Center.  This is the URL here, and we did, in May, give the site a bit of a facelift, so if you haven’t been there in a while, I encourage you to go check it out and see the new look and feel of the site.  We’ll be continuing to update that over the next year or so.  


Again, you’re welcome to submit an application for one-on-one assistance.  That can also be accessed through the Solution Center, and there’s a brief online form to fill out there.  And then, finally, to stay up-to-date on all of our latest and greatest, what’s going on with TAP and, more broadly, for state and local governments at DOE, we welcome you to sign up for our TAP Alerts.  This is our mailbox here, TechnicalAssistanceProgram@ee.doe.gov.  You can shoot us an e-mail to sign up for the mailing list, as well as any questions or suggestions you might have.


Again, I want to thank you all for joining us.  I want to thank Erin and Matt and Ralph for hosting and providing their technical expertise for us today, and also great appreciation to Eric Friedman with the State of Massachusetts, for taking the time to share with us his experience and the state’s experience with deep retrofits.  We really have consistently found that our audiences learn the most and appreciate the most learning from one another, so thanks to all of you for taking the time to join us today.  With that, I’ll pass things on to Erin.

Erin:
Great.  Thank you, Molly.   Let’s go ahead and get started with today’s presentation.  I’d like to introduce today’s first speaker, Matt Leach.  Mr. Leach’s expertise is in building energy simulation and analysis and integrated building design.  He’s a member of the Commercial Buildings Group here at the National Renewable Energy Lab.  


His interests are in enhancing the use of whole-building energy simulation at all stages of the design process, to achieve cost-effective energy savings.  He has participated in numerous projects that use the EnergyPlus simulation tool.  Matt?

Matt Leach:
Thanks, Erin.  Hi.  This is Matt Leach from NREL.  I’ll be presenting today, alongside Eric Friedman from Massachusetts, and we’re going to be talking about deep retrofits.  First, a brief outline.  I’ll go over some definitions and overview, talk a little bit about what we mean by deep retrofits; touch on some of the process and economics that are specific to deep retrofits; talk about the importance of integrated design when attempting a deep retrofit; and then talk about how the project doesn’t end at construction, how building operations play a key role in realizing energy performance; and then Eric will talk a little bit more about some case studies from his experience with the State of Massachusetts.


First, definitions and overview.  Exactly what are we talking about here when we say deep retrofit?  The definition I have here is it’s a retrofit that has large energy savings and improved economics through a holistic, integrated approach that oftentimes leverages special opportunities in a building’s lifecycle.  A simple way of putting that is we’re really trying to differentiate between what we could a standard retrofit and a deep retrofit.  


A standard retrofit is the type of retrofit that people are probably most familiar with.  You’re looking at strategies that are proven strategies, strategies that are known to work independently, oftentimes strategies that have very short paybacks, and these are all good strategies to apply, and these are often part of deep retrofit projects as well.  But it’s not necessarily going as far as you can, in terms of efficiency.  So deep retrofits are really trying to push the envelope in terms of efficiency, and use a more holistic, integrated approach to get there.


Some key differentiators between a deep retrofit and maybe a standard retrofit.  I’ll touch here on what we are calling the essential differentiators.  First, prioritization of efficiency from the outset, and by that I mean goal-setting, setting performance goals from the beginning and using them to inform the entire process.  


Increased design team interaction, meaning we don’t want the different members of the design effort to be siloed in their efforts.  We want there to be communication between the different members of the design team, so that you can end up with the best outcomes, the best solutions.


Again, integrated design is critical with deep retrofits.  We’re talking about finding synergies between potential efficiency measures as opposed to looking at them independently.  And another key point here is that the first cost associated with deep retrofits can, in some cases, be high, so it’s important to find scenarios in which you can improve the economics of that retrofit, and I’ll touch on that a bit more later.


To kind of start off, Molly mentioned the Advanced Energy Retrofit Guides, and it’s worth mentioning here in a little bit more detail.  These are really valuable guides that were funded by the Department of Energy, led by NREL and PNNL, the Pacific Northwest National Lab.  There are five of them.  Four of them are completed, for grocery, K-12 schools, office, and retail, and the one for healthcare is still in development.  


The purpose here, of these guides, is that they provide energy managers with really comprehensive guidance for planning and executing successful commercial retrofits, and it’s really an A-to-Z guide that really covers all steps along the process.  Those are really valuable resources, and I encourage you to check them out.  I have a link at the end.


This is the AERG approach to retrofit categorization, and I think it’s relevant here to kind of really try to understand a little bit better what we mean by deep retrofit.  We break it down into three categories of retrofits.  First is retrocommissioning.  That’s the lowest energy savings, and what you’re talking about with retrocommissioning is really just making sure the building is operating as intended.  


You’re not talking, necessarily, about equipment replacement or anything like that, unless something is damaged or broken.  It’s just mainly making sure things are working correctly, so things like replacing clogged or dirty filters, or making some simple improvements to buildings, things like that.  The major upsides here are you can still get some pretty substantial savings, very short payback, and some of the savings generated can be used to fund larger retrofit projects.  


The downside is you’re only getting that lower level of savings.  You’re only taking advantage of the most obvious opportunities, and in cases where you follow that up sometime in the near future with a deeper retrofit, some of those things will be negated through equipment replacement.


Energy retrofits, this is what I’ve been referring to as standard retrofits.  You get a higher level of savings here.  One of the main advantage is you can really leverage the expertise of energy service companies who really operate in this area of standard retrofits.  And again, we’re talking about solutions that typically work in a wide range of buildings in a wide range of locations, so there’s a good opportunity here for portfolio-wide implementation.


Deep retrofits, those have the highest savings.  We’re taking savings up to and above 50 percent.  You’re taking about that level of savings, really getting in the range where you can start thinking about going for net zero energy and offsetting the rest of your building energy use with renewable generation.  


Another key point here is, one of the advantage of deep retrofits is you can take advantage of the opportunity to leverage other capital improvements, and you right-time your retrofit with those other improvements.  I’ll touch on that a little bit more later, as well.


Again, touching on integrated design, when you’re talking about a deep retrofit, you’re talking about any and all possible efficiency strategies at your disposal, and analyzing which ones work best together and which ones work best as a package to really maximize energy savings.  The one potential downside to deep retrofits is you do have higher first costs, and could possibly require a longer time horizon for payback.


Now a little bit on process.  This slide covers some of the top indicators that there may be an opportunity for a deep retrofit.  There’s a lot on this list, but I can kind of break them up into two categories.  The first category is when you have a situation where you know you’re going to be making significant changes to the building, you have budget for that, you know equipment needs to be replaced or systems need to be replaced, or you’re repurposing the building, you’re doing a full renovation.  


Those are great opportunities to help improve the economics of a deep retrofit.  I’ll touch on that in a little bit more detail, but it’s talking about this idea of if you know you’re replacing something anyways, instead of having to deal with the disposal costs, worrying about the useful life, what’s the value of your current equipment, things like that, you really start to look at just incremental costs between one replacement or another.


Another category here of indicator is any kind of scenario where you have a situation where you’re going to have better payback.  This is something like maybe you’re getting large incentives from a utility that can help reduce your first costs.  Maybe it’s in a location where you have particularly high energy costs, so your first costs are going to pay back sooner with energy cost savings.  Or maybe you have a building that’s just been a noticeably poor performer and you know there’s a lot of opportunity there to really get some aggressive energy savings.


Some of the most common barriers to deep retrofits.  By no means are these things that can’t be overcome.  These are just some of the typical reasons why people may not invest in a deep retrofit.  First and foremost is lack of motivation to invest time and capital in a deep retrofit, and really what this is touching on is people are oftentimes comfortable with standard retrofits and they’re not comfortable with deep retrofits, so there’s just a need for more awareness, more education on how deep retrofits can work.


Another key barrier here is lack of integrated design tools.  In a standard retrofit, a lot of the times you’re looking at strategies individually, and you’re analyzing them individually, and tools are widely available to do that type of analysis.  But the tools that are needed to really look at measures as a package, and really analyze the interactions between different efficiency measures, in some cases those can be lacking.


Another issue here is uncertainty.  In general, risk mitigation is important when you’re talking about retrofits, and risk mitigation favors low-risk, low-reward retrofit packages.  You want to get as much savings as you can, but, at the same time, you want to minimize your risk.  Part of the challenge with deep retrofits is establishing a process, establishing work flows, demonstrating that it can be done cost-effectively, really promoting the awareness, promoting the education so that this risk can be lowered.


Lastly, complicating financing.  Deep retrofit projects can require coordination between multiple funding mechanisms.  You may have some existing capital budget within your organization.  You may want to partner with an ESCO.  You may want to enter into a power purchase agreement to add renewables to your building.  You have multiple funding mechanisms and it’s really important to try to coordinate them.


A little bit here on the importance of your project teams when it comes to a deep retrofit.  Team assembly is key and, first and foremost, you really need an engaged owner or building manager that really is going to make efficiency a priority.  That really sets the tone for the entire project and really establishes a motivation for the rest of the design team.


Another key aspect here is you need designers and engineers that really understand the benefits of strategy integration and that understand how to do an analysis with integrated design.  And it’s also important to note the role of maintenance and facility personnel, who definitely play a key role in ensuring that the building achieves its intended performance and operation.  You need to get those staff members invested in the energy performance of the building.


Some key responsibilities for the team, it’s really critical to gather all relevant building data, and by that I mean just understanding the problem as a whole, understanding what the existing building is like, understanding what strategies will be appropriate for that specific scenario, and understanding what the economic implications are going to be of implementing those strategies.  Really doing your homework there and having that information to do a thorough analysis can help reduce some of that risk we were talking about.


Again, it’s critical to specify a project performance goal from the outside, and to play early and often to keep all the different members of the design team engaged, and really promote communication between those team members and make sure that everyone is on the same page.


Next I’ll talk a little bit about setting performance targets.  Again, it’s really critical to have these targets from the outset.  They really set the tone for the project.  When you’re evaluating different decisions throughout the process, when you have those targets in place you can evaluate what the implications are of those divisions with respect to those targets, and decide whether or not that’s going to work in terms of reaching your performance goal.


A little bit of talk here about how to set those targets.  There are some different options.  A lot of times people use a percent savings target.  Another approach is an energy use intensity target, where it’s more like an absolute energy use.  There are different reasons to do both.  


In a retrofit, in a case where you may be able to fairly accurately characterize your baseline existing building performance, establishing a percent savings target and an energy use intensity target really are the same thing.  In the case where it’s difficult to establish a baseline, it may be more beneficial just to go straight ahead and find an energy use intensity target base that you think is appropriate, maybe baseline case studies or other resources.


One such resource for that is ASHRAE Standard 100, standard for energy efficiency in existing buildings.  That standard provides targets based on top performing existing facilities, and we’re talking 25th percentile in terms of energy performance.  The targets are provided in that standard for 48 building types in 16 different climate zones, so there are really a lot of targets.  Whatever your building type and whatever your location, you’re likely to be able to find, in that standard, a good reference point for your project.


Here, a little bit more detailed comparison of the different in profits between a typical retrofit and a deep retrofit.  I’ve touched on some of these points already but it’s useful to see them side by side.  You can see here, one of the big takeaways is there are a few more steps in the deep retrofit case, and this is really just about being thorough and prioritizing efficiency from the outside, and really understanding what’s necessary to achieve these levels of efficiency.  


For a deep retrofit, as I mentioned, it’s critical to focus on assembling a qualified team that’s really going to be able to emphasize the importance of an integrated, whole-building approach, and then getting that team together, from the outset, and really establishing a performance goal that will inform the rest of the process.  Those are steps that may not necessarily be in there in a typical retrofit, where a lot of times the motivator for a typical retrofit is the identification of a particular need.  


Maybe you had an equipment failure and say, “We need to replace our boiler, and we have this budget available so maybe we can do some other strategies.”  It’s not really as holistic of an approach, that’s really focused on maximizing efficiency.


Again, the difference here between evaluating strategies individually, in a typical retrofit scenario, where you might get a separate bid from individual contractors – if you’re going to upgrade your boiler, you’ll talk to an HVAC contractor.  If you’re going to upgrade your lighting system, you’ll talk to a lighting contractor, and those discussions won’t really overlap, whereas in a deep retrofit there’s a real focus on integrated design and using energy modeling and detailed economic analysis to analyze packages of efficiency measures, and really understanding the lifecycle cost implications of those different packages, and maximizing the efficiency that you can get for your investment.


The downside to the typical retrofit case here is a lot of times, because of the way this approach is carried out, a lot of times you’ll have strategies with high energy savings, but also high first costs that are eliminated from consideration because upgrades are not really considered from this lifecycle cost standpoint.  It’s more like which one is most expensive and maybe we’ll put those on the back burner.


Again, here, there’s an overlap.  Implementing the package.  At some point you’re going to make the decision you’re going to implement the package, and we show here that in a typical retrofit, a lot of times that’s where it ends, whereas in a deep retrofit, when you’re really focusing on maximizing efficiency, it’s critical to focus on not only up through construction but also into occupancy, understanding the importance of educating occupants and operators on how to operate the building, how to interact with the building, and really establishing a system where you have ongoing system commissioning and ongoing adaptation for how you use the building, to really try to maximize the performance.


A little bit here on economics.  We use some key factors for economic success.  In terms of what facilities deep retrofits are going to be appropriate for, if you have an older facility, it’s likely that there’s going to be some opportunity for energy savings.  It’s likely that you’re going to need some equipment replacement.  Maybe you have pending budgeted equipment replacements in the near future.  


Those are good opportunities to improve the economics of your deep retrofit, where you can say, instead of having to offset the entire cost of the measure, you just need to worry about offsetting the incremental costs of high-efficiency piece of equipment versus a standard efficiency piece of equipment.


Energy costs, again, any case where you have high energy costs, you’re going to have better return on investment, so that allows you to go deeper, invest more up front, and still get a short payback.  And mentality here is key.  You need to have owners and staff be motivated to achieve larger than typical energy savings.  There are a number of potential benefits of that, and there are also a number of key drivers that may be creating that motivation, such as federal mandates or agency goals.


And again, on finance a little bit, noting that it can be complicated to coordinate financing for a deep retrofit, but if you’re able to plan that coordination successfully and really manage that, then it can help streamline the process.


This is kind of a visualization of some of the points that I’ve been discussing.  You can see here, as you move to the right, you’re talking about greater savings, better return on investment, more energy cost savings over time.  On the Y axis, going vertically, you see this is the marginal cost of the improvement.  This is the cost associated with the retrofit.  


You can see there are two curves here.  The one on the left is more of a traditional approach, standard retrofit, standard financing approach, and you get a certain level of energy savings and then you reach this cost effectiveness limit.  But by taking the approach that we’re recommending here for a deep retrofit, more of systems-level approach, a whole-building approach, and really combining that with some strategic financing, you can push that curve to the right and get better savings for your same investment, better savings before you get to that cost threshold.


I’ll just touch on this briefly, for time’s sake, but the point of this slide here is to really note that when you’re trying to go to the deepest level of retrofit, when you’re trying to really push the envelope and potentially go to net zero energy performance, where you’re offsetting the rest after you apply your efficiency package, you’re offsetting the rest of your energy use with renewable generation, at that time it’s really critical to consider following the approach of a deep retrofit, because what you really want to do in that scenario is you want to apply all efficiency that’s more cost-effective than renewable generation.  


If you stop short of that, that’s something that’s more similar with an efficiency package to a standard retrofit, where you’re really only including the efficiency measures that have the shortest payback, and then if you go from that efficiency package and add renewables, you’re going to miss out on applying a lot more energy efficiency measures that may be less cost effective than that standard retrofit package, but are still more cost effective than renewable generation.  So the net result here is with the deep retrofit, you can reduce your overall lifecycle costs, meaning kind of like the overall return on investment.  You can improve your return on investment.


A little more detail here on integrated design and the importance of integrated design in the deep retrofit.  I’ve been talking a little bit about how one of the key factors to making a deep retrofit economically viable is that you need to find an opportunity to improve your economic scenario by taking advantage of other planned opportunities for the building, things like you’re doing a full renovation of the building so you say, “We’re going to be replacing most of its equipment anyway, so now we can base our analysis on incremental costs as opposed to full costs.  We don’t have to worry about disposable costs, et cetera.”  


But it’s important to note that while some of those scenarios can get you part of the way there, towards being similar to a new construction type analysis with a deep retrofit, you’re never going to get all the way.  You’re never going to be replacing all your equipment, so you’re still going to have to deal with certain building systems, certain pieces of equipment, where you’re going to have to consider those other costs, consider the useful life of your existing equipment, consider disposal costs.  It may be more expensive to apply a measure in a retrofit scenario than in a new construction scenario, so it’s important to keep those things in mind. 


Also, even in a case where you’re really making significant renovation to the building, you’re not going to change everything, and one of the things you’re not going to change is going to be your building footprint.  The fact that you do have a fixed building footprint can limit you in some ways.  It can limit the effectiveness of certain strategies that depend on the shape and orientation of your building, such as daylighting or passive solar design, things like that.  You may be able to do daylighting, but you may not be able to optimize it as much as you would in a new construction scenario, where you could really plan out your building orientation and shape.


Another thing here is things like envelope improvements.  In certain cases, maybe you have a major envelope retrofit planned already for the building, and that’s needed for some other reason, and then you can take advantage of that and really explore the different possibilities for envelope installation and look at incremental costs and things like that.  But, in other cases, it’s going to be difficult to cost-justify full-out replacing the components of your envelope.  


It’s not likely to be cost effective, from an energy standpoint, so you’re going to be limited to things like modifying your existing construction.  Maybe you can add some insulation and things like that, but then you’re talking about approaches that are definitely different from a new construction approach.


And again, whatever strategies you plan to apply to your building, keep in mind that you’re not starting from scratch, and whatever strategies you apply need to be compatible with the existing building.


A little more detail here on some strategies that are appropriate for deep retrofits.  First and foremost, they must account for project-specific constraints, and for that reason, prescriptive strategies may not always be appropriate.  You really need to focus on your specific project and which things you’re replacing, which things you’re not, et cetera.  


And then, in general, simple, passive strategies can really help increase the likelihood of your project success.  By simple and passive strategies, I mean things that might require limited facility manager or occupant engagement or intervention.  Minimize long-term maintenance requirements, things that don’t rely on complicated controls – basically, things that just kind of are likely to work well out of the box, they’re not difficult or complicated to implement or operate.  


An example here is maybe comparing electrochromic windows to operable shades.  Operable shades can be used to reduce solar heat gain, reduce glare, things like that, but then, in that case, you’re relying on the occupants to operate them correctly.  If you have electrochromic windows, you can do a lot of those things automatically, so, in the long run, you’re likely to achieve more savings from that type of an approach, that doesn’t rely on occupant engagement.


I talked a little bit previously about the importance of understanding the problem when you’re trying to do a deep retrofit, and really understanding all aspects of it, and really collecting the information that you need to do a thorough analysis and reduce the risk associated with going beyond the comfort zone of a standard retrofit.  Energy modeling plays a key role in that.  


Some key ways in which energy modeling can help.  I mentioned previously the importance of specifying a performance target from the outset.  Energy modeling is really valuable at that stage, to really do some preliminary analysis and figure out, for your specific project, what types of targets will be appropriate.  


Another way that energy modeling is useful is with integrated design – capturing the interactions between different building systems.  The potential interactions and synergies between different energy efficiency measure is really critical, and that’s where energy modeling can really help.  And also, you can build on your energy modeling.  


It doesn’t have to be just about energy savings and performance.  You can build in economics into your energy modeling analysis, and evaluate the lifecycle cost implications of your design packages, and use those economic requirements and that economic analysis to optimize your design packages according to the economic criteria that are specific to your project.


I’ll touch briefly here on an example of this type of analysis that we’ve done here at NREL for GSA.  This is for the Fort Carson army base near Colorado Springs in Colorado.  One aspect of this project was a net zero retrofit optimization.  We’re looking at a real building.  It was previously a barracks building that they’re converting into an office building, and we took the steps that I show here on this slide.  So you really evaluate the retrofit opportunities for that particular building.  


These are opportunities for an real, existing building that take into account whatever constraints may be there, in terms of what they can change, what they can’t.  Given that, then we assemble the list of candidate measures that are defined in accordance with the constraints of the project, and really emphasize this idea of simple, passive strategies.  


And then we used the OpenStudio tool suite to build a whole-building energy simulation framework.  That OpenStudio tool suite, what that does it’s built around the EnergyPlus simulation engine, and it’s designed to make EnergyPlus more accessible and more user-friendly.


We built that analysis, and we used that analysis to optimize on lifecycle cost and energy use and identify packages, including both efficiency strategies and renewable generation strategies that minimize lifecycle cost at each level of energy performance, and also incorporate relevant economic criteria such as an analysis period and discount rates that are appropriate to the location, to Fort Carson, to how they make their investment decisions, and also utility rates that are appropriate for that location.  


This is just an image to reinforce the idea that this is a real building, this is in a real location.  This is the energy model for the building at Fort Carson in its specific geographic location in Google Earth, and you can see here the detail with which we’re able to capture the building.  


We even have different shading objects around the building, just trees and shrubs and things like that.  You can really focus on characterizing a real building, focusing on strategies that work for that real building, and really doing that thorough analysis that can help reduce the risk associated with a deep retrofit.  


I have just a few minutes left here, and there’s a lot of information on this slide, but there are some key points to take out from here.  This is a visualization of how we look at our results for this type of analysis.  You can see here, on your X axis you have energy use, and going to the right you’re improving in energy performance, ultimately getting to zero energy use, which is net zero energy.


On the Y axis we have lifecycle cost, basically.  Higher lifecycle cost is less cost effective.  Lower lifecycle cost is obviously more cost effective.  You can see there are a few key packages here that we highlighted.  I won’t get into the specific measures associated with those package, but just discuss the types of packages, in general.


This first package, on the left, Cost Minimum, this is something that’s probably aligned more a standard retrofit, where you’re applying the strategies that have the fastest payback, not necessary as a package with the most energy savings but the best return on investment and the lowest risk.  Then, you can see as you move to the right, we have another package here labeled Net Zero Ready Energy Efficiency Package, and that’s more in line with what we’re talking about with the deep retrofit, where it’s doing all the efficiency that you can, so that the next most cost-effective thing to do is to add renewables.  


It’s worth noting that that package has significant savings.  It’s about 60 percent energy savings, and it’s at a lower lifecycle cost than the baseline.  We show, through this analysis, that you can get this aggressive level of savings and still have it be cost-effective.


Another thing worth noting here is you can see by applying renewables to the building, in this particular scenario, we were actually able to achieve net zero energy performance for this analysis.  This was a good indication that it definitely is possible, through following the process of a deep retrofit, maximizing your efficiency opportunities, to get to net zero energy, even in a retrofit, in certain cases.


I have a few more slides here on building operation, the importance of building operation.  I won’t really go into detail on these because I’ve kind of already touched on these points, but just at a high level, when you’re talking about a deep retrofit, it’s important to remember that the project doesn’t end after construction is complete.  You need to think about ongoing commissioning, the role of operations and maintenance, the role of measurement and verification to really ensure that your building is performing as intended.  


And also, occupant engagement is critical as well.  Educating the occupants on how to interact with the building, just making the occupants understand what the effects of their behavior is on the building, and easy ways that they can modify their behavior to help improve the performance of the building.  So it’s always important to keep in mind those things as well, and the effects that those things can have on the ultimate performance of the building.


Here I have some key resources.  Molly already mentioned the first Thursday seminar and the AERGs.  Also, there’s a Rocky Mountain Institute/Johnson Controls paper on net zero energy retrofits that we leverage for this webinar as well.  These are great resources and I encourage you to check them out.


Thanks, and now I’ll turn it over to Eric.

Erin:
This is Erin again.  I just wanted to go ahead and introduce Eric Friedman, our next speaker.  Mr. Friedman is the director of the Leading by Example Program for the Massachusetts Department of Energy Resources.  Eric?

Eric Friedman:
Thanks, Erin.  Thanks, Matt.  Good afternoon to everybody, or good morning, for those of you in different time zones.  First of all, I want to thank Matt for his presentation.  There is a lot of interesting information there, and also I was glad to see a number of slides and bits of information that actually tie nicely to some of the examples and lessons learned that I’ll be talking about in just a few moments. 


As Erin said, my name is Eric Friedman.  I direct the Leading by Example Program here in Massachusetts, which essentially is a greening, a government program.  I also worked quite a bit on some of our ARRA project implementation, which ended last November, and I’ll be talking about both our ARRA projects and Leading by Example efforts.


This is my little commercial for our office, which, as all of you on the phone probably know, we’re required to do every time we do a presentation.  In 20 seconds, our office, the Department of Energy Resources in Massachusetts, is essentially the main energy policy and program implementation office for the Commonwealth.  


We work to facilitate energy efficiency, renewable energy, make sure that energy supplies are sufficient, reduce costs wherever we can, particular of clean energy resources, and all of that ties together into supporting jobs and economic development related to clean energy here in Massachusetts.


What I want to do today is talk very briefly about the Leading by Example program and our ARRA efforts, just to provide a tiny bit of context for the specific examples that I’ll be talking about, and then focus on six particular projects, four of which were funded, in part, through ARRA funds, and two of which have been funded and implemented through the Leading by Example program.  


I note that Matt talked a lot about operations and actual occupancy of the buildings, and that ties very nicely to our agenda item number four here, which has to do with real-time metering effort underway here in Massachusetts, and some of the lessons we’re learning about buildings that are presumably high-efficiency buildings but, in fact, are not operated as such.  And then I’ll end, just very broadly, with some basic lessons learned on some of the projects that we’ve implemented.


Very quickly, Leading by Example program was established by Governor Patrick by Executive Order No. 484 back in 2007, just a few months after he took office in his first term.  The order did a lot of things, but some of the driving force behind the order has to do with some of the targets that are listed here, in particular the greenhouse gas emission reduction for our entire state portfolio of buildings and operations, a specific energy reduction, the latest energy use intensity or energy use divided by square foot, normalized for weather, and then also some requirements around increasing the use of renewable power as a percentage of our total electricity.


I just very quickly want to give some quick background on some of the efforts that are ongoing here in Massachusetts that are helping to drive our energy efficiency efforts at buildings, and also that are part and parcel of our efforts to move beyond the traditional retrofits that Matt talked about, and try and identify opportunities to go much deeper at existing buildings.


The state has, for quite some time, been doing large, comprehensive, energy efficiency projects at its own portfolio, and we really ramped up those efforts in about 2009, using some staffing support funds for our capital construction agency, which was then able to leverage that staffing support for well over $100 million worth of energy efficiency projects at over 20 million square feet of state buildings.  We also focused a lot on smaller projects, where some of these larger retrofits don’t necessarily make sense, either because they’re only lighting or because they don’t have complicated building systems.


Moving forward, we have learned from that ARRA program that this is a great way to leverage relatively small money to ensure that we can get large amounts of energy efficiency projects underway.  Again, our capital construction office, a division of capital asset management and maintenance, or DCAMM, has taken those lessons learned from increased staff under ARRA and has gone ahead and done the same thing currently, and is in the middle of a three-year plan to retrofit, essentially, close to 4,000 buildings across the remaining portfolio that we didn’t get with the ARRA funds, by the end of next year.  


It’s a little bit of a tight call as to whether or not we’ll actually get to all 4,000 buildings, but we’re getting relatively close.  The goal here, in this program, is, I think, very close to what Matt talked about, as sort of a traditional retrofit effort, and that is to target a 25 percent reduction in our energy use, energy costs in greenhouse gas emissions.


We also have a standard for new construction, called the Mass. LEED Plus standard.  That has driven efforts to build buildings that are certified by LEED and also are designed to be 20 percent better than energy code.  We currently have about 27 LEED-certified buildings in the state portfolio with more than that in the list of registered buildings, at various stages of design and construction.  


One of the things I’ll say is that we have tried to move well beyond that LEED Plus standard and building zero net energy buildings.  We’ve actually built one building at North Shore Community College, that’s pictured there in the lower right.  That was designed to be a zero net energy building, a 57,000-square-foot mixed use college building, and we’re still working on getting data and commissioning that building.  


Another project that’s in design, a 4,500-square-foot office headquarters for our Department of Fish and Game, and they use a lot of similar technologies and similar strategies from ground source heat pumps to solar to, obviously, high-performance envelopes to get at the efficiency needed to reach zero net energy.


I’m not going to spend a lot of time.  I’m sure everyone on the call knows about ARRA.  We got a $54.9 million grant on our ARRA from the U.S. DOE.  Our projects ended last summer.  Basically, we got a few month extension from DOE, and so some of the projects that I’ll be talking about were funded through these funds.


The ARRA grant that we got was essentially allocated to three broad categories of projects.  I’m really only going to talk about the last one, but, again, this is just context.  Close to $15 million went to solar at public and private institutions, to subsidize the cost of solar.  Close to 10 megawatts were installed.  About $16 million went to Leading by Example efforts, so primarily energy efficiency at a variety of state buildings and state facilities.  


And then about $20 million for a category that we call high performance buildings, and there were a number – which I’ll talk about in a second – of both strategies and goals we had within that high performance building category that were really targeted at non-public entities across the Commonwealth.


You can actually skip this one, because I’m going to talk about it.  Same thing here.  The high performance buildings ARRA market title or funding category was essentially broken out into four different components.  Deep energy retrofits, which we said had to have a design that was targeted to achieve a 50 percent energy reduction over the baseline energy usage.  


We were also looking at oil reduction programs.  We use a lot of oil and propane here in Massachusetts, sort of the unregulated fuels, and we really wanted to undertake efforts to minimize and eliminate the use of those fuels as both dirty and also expensive fuels.


We also wanted to look at innovative approaches to space conditioning, and I’ll talk about an example in a moment.  And then also some community mobilization efforts to try and engage and increase participation in the statewide energy efficiency programs.  What I’m really going to focus on is this category number one, the deep energy retrofits, although one of the projects that I’ll talk about is in both number one and number three.


In sum, the high performance building deep energy retrofits program really tried to engage a host of projects that were targeting different strategies, different types of buildings, different end uses.  I think what we have is some examples and case studies that really run the gamut, from very small commercial-sized buildings that are essentially residential-sized, all the way up to multi-family and commercial-sized buildings, and just really a variety of building types.  The idea here was to try and understand, if we could, which of these approaches, which types of buildings, what strategies made the most sense in actually achieving deep energy retrofits, and which ones really fit that cost effectiveness in this model.


Let me just say, at the outset, that all of the work here that you’ll see and all of the data here was not necessarily done by us.  We did not do all of the energy modeling.  We did not go out and do audits at all of these buildings.  Each of the project proponents, proposers, and grant recipients had to do that as a way of applying for funds to the program, so there really was some significant on-site auditing, energy modeling, and some real serious design work that were part of these projects.  


What I’m going to do is just do a high-level overview of some of the measures and the projected results from these projects, and at the end, I’ll talk very briefly about some preliminary actual results, as compared to the design projections.


The first of the four case studies that we funded through ARRA in the high performance building category was a multi-family building.  It was a midrise building, a little over 500,000 square feet, and it was part of a complex of buildings that was already getting renovations through some other HUD funding, so going to Matt’s slide or point about integrating deep energy retrofits with already existing renovation or retrofit plans I think is a good one and very appropriate here.  


We provided about $4.5 million from ARRA that went solely to energy efficiency measures, and this project really was the largest project that we knew of, of its type in the country, and it really went soup to nuts for comprehensive energy efficiency measures, from exterior building insulation – essentially, the building was wrapped with new insulated panels, new R-5 windows, very efficient U-value of 0.2, for those of you who prefer U-values, a new roof with reflective materials.  


Lots of air sealing went on, both to the exterior but also to the interior, to try and prevent odors, smells, and heat from moving around between different apartments and different floors.  Obviously, new lighting and high efficiency HVAC systems, and then also heat recovery ventilation systems for all of the apartments, and some solar thermal went on as well.


This project, as designed, you can see on the previous slide that was the pre-project photo.  You see the green photo there, sort of in the process of getting a new skin, and then the new building there, down at the bottom.  This project was designed to achieve a little over 72 percent total energy reduction across all fuels, with a good chunk of that coming from heating reduction, with a cost savings of close to $230,000, or $3 million over the lifetime of the measures installed.  This building actually did receive a LEED Platinum certification late last year.  So that’s the Castle Square project.


The next one is actually one of my favorites.  This is a nonprofit entity in Lowell, sort of gateway city here in Massachusetts, an old, 170-year-old church that has been renovated to include some education for teenagers, programming space, and office space, just under 30,000 square feet.  


We provided close to $2 million for a series of pretty innovative strategies that were part of, again, an overall retrofit that they were doing with some other funding, and you can see that there were a number of other costs and grants that they had received, both on the energy side as well as just basic renovations.  


I’m not going to go over all of this, but I think the key elements here are that this project really focused on some of the passive strategies, non-mechanical strategies to try and achieve some deep energy reductions.  The two, I think, that are of particular note, one is that they actually put on a small addition to act as a thermal break for the building, so rather than trying to put a skin on a church, which would be very difficult given the materials and just given technical difficulties in, as Matt will attest to, some of these older buildings, to add envelope improvement, they actually added a structure to provide a thermal break.  


The also used a series of chimneys and fans and air circulation strategies, sort of passive cooling, which was really designed to avoid air conditioning.  In fact, the project did not include putting in air conditioning.  So that was a unique strategy that we were really supportive of.  


There are some pictures on the next slide of a diagram of how this all was supposed to work, where the building would essentially be closed off on hot days, during the day, to prevent heat from coming in, and then we would use these passive strategies and air circulation techniques, using that fan which, in fact, was called a Big Ass fan.  Those strategies were really designed to bring in cool air at night and keep the building cool during the course of the summer.


This building was designed to get a 68 percent decrease in energy with close to $20,000 in annual savings, and I’m pleased to say that this building achieved a LEED Platinum certification.  It’s the oldest LEED Platinum-certified building in the U.S.


This next one is a warehouse which, again, was sort of a different kind of building type that we wanted to test some new strategies at.  This is the Center for Eco Technology, which is a nonprofit energy and waste reduction entity in primarily the western part of the state, but they do a lot of work throughout the entire state.  


They were renovating a new warehouse to be used for the sale and resale of used building materials, called the EcoBuilding Bargains.  Actually, if you’re ever in Springfield and you're in the market for some used building materials, I encourage you to stop by.  They’ve got some really cool stuff in there.


They really took what was essentially a completely inefficient shell – for those of you who know warehouse construction, they’re not really designed to be efficient buildings from the get-go – and really tried some interesting strategies.  Of course, they actually were able to add a skin to this building, insulated metal panels, to provide significant insulation to the exterior of the building.  They used a lot of decentralized and innovative heating techniques here, so they used a lot of variable-flow air source heat pump technology.  Some of you may know Mitsubishis and Daikins as some examples of those.  


They have a huge heat recovery ventilation system for the entire space, so they’re mechanically circulating fresh air, heating that up as the cold air comes in.  And also a series of infrared heaters, which I never really knew too much about, but apparently are designed to heat the people as opposed to the space, so it can be much more efficient as they are placed strategically throughout the building.  


And then I think they also did a lot of work to try and decentralize heating and cooling, so that where certain spaces were not in use, you weren’t heating the entire building just to heat the 20 percent of offices there.  So there’s a lot of sort of independently controlled systems.  And then, obviously, energy-efficient lighting and control.  I think that sort of goes without saying that efficient lighting and lighting controls really have to be the minimum thing you would do to even get close to deep energy retrofits.


This is the building, again, designed to achieve greater than 50 percent energy reduction.  I have an actual energy use here.  We’ll talk more about that in a second.  Again, about $800,000 savings over the project lifetime, and this has been registered as LEED Platinum and hopefully we’ll achieve that certification relatively soon.


The last group of projects is actually sort of trio of projects.  We liked this proposal when it came in because this project was actually trying to get at how you do deep energy retrofits in historic buildings.  There were three different types of buildings here that this group, the Architectural Heritage Foundation, proposed to do deep energy retrofits at.


This first one is sort of what we would call a mid-sized, or a very large home or a small commercial space, designed for commercial operation – offices, visitors, and exhibit space.  We provided $200,000 for a $1 million project, and again, included some other renovations.  This one actually included moving away from fossil fuels to include highly efficient biomass boiler, heat recovery ventilation – that’s pretty common in all these projects – and again, lots of super insulation, and, in this case, doing exterior envelope while still meting historic commission requirements.  That was something, obviously, that we were very interested in seeing, and then like some of the projects, some solar-thermal technology as well.


This one, again, more than 55 percent decrease in energy consumption projected.  Small savings here because it was a relatively small building, and also a LEED Platinum-registered building, hopefully getting certification at some point in the near future.


The second one is an even smaller building.  This was a very small, sort of residential structure, 2,000 square feet.  We put that picture in the top there.  That’s actually corn that was used as insulating materials.  I don’t know if that’s original.  It’s hard to imagine that’s from the 1840s, but I don’t know for sure.  I’m sure there’s an interesting story behind that.


Again, a little over $100,000 from our grant, and these guys actually focused a lot on interior insulation – you see some of that spray foam there on the inside of the house – as well as some exterior insulation on the roof that also included sort of reflective roofing material.  This project is using, again, the air source heat, variable source air source pumping systems, and a small solar array on this one.


Again, this is a relatively residential-type building.  You can see the outside units for the air source heat pumps there, on the pads there in front of the house.  Again, a 50 percent energy consumption reduction projected for this project and another LEED Platinum-designed building certification in progress.


The last of these historic buildings is a completely different building, sort of an old mansion that is now used primarily for events, visits, weddings, and things like that.  This project actually focused on just doing interior work, so there were really no changes to the exterior of the building.  You can probably see why, looking at that building.  It would be very hard to do that, keeping with the historic character, as well as trying to navigate all the nooks and crannies of that building.


Some of the things they did inside were lots of air sealing and weather stripping.  They did interior storm windows wherever they could.  Lots of air sealing, insulation of the attic, new HVAC equipment, converted from oil to gas.  That’s something, obviously, we always try and do, just because equipment can be efficient but also from emissions reduction, that’s the right thing to do.  


And then also looking at the kitchen, this goes to some of the operational impacts.  There is a kitchen in here for events, so in high season they are cooking and using a lot of kitchen equipment, so there were upgrades to much more efficient cooking and cooling equipment for that kitchen.


This one was designed, again, for 50 percent or greater energy consumption, and about $11,000 in energy savings per year.  You see some of the ductwork going on in the basement there, and then this new cooking apparatus here, purchased for the kitchen.


I want to end the case studies with two examples on some of the state facilities, one of which was recently completed or just about complete, and one of which is actually in the middle of construction now, and talk about some of the strategies there and some of the design and projected savings associated with those projects.


These projects are actually quite different than the previous projects.  First and foremost, these are projects that are being done at complexes and not at particular buildings.  There are a lot of different strategies that need to be looked at, primarily, in these projects, the heating systems tend to be centralized in a power plant and then are sending out steam or hot water through piping systems that go to all of the buildings.  That’s often very different from, obviously, a single deep energy retrofit at a building that has its own dedicated heating distribution system.


One of the thing I appreciated that Matt said was that starting with older buildings and older facilities can make sense, and I think these two examples I’m going to give you perfectly fit with that recommendation.  These are very old and sort of poorly designed facilities, so it’s nice to have very high energy use to start with, because then getting deeper reductions tends to be somewhat easier. 


This particular project is partly residential, partly office and administrative, and partly recreational for some developmentally disabled residents.  There are two sites here, actually – one on the north shore and one on the south of Boston.  It’s a total of about 827,000 square feet.  Some of the facilities are 24-hour and some of them are run in the office operations.


As you can see, the power plant, not only was it 50 years old but it was oversized, in part because some of the site had actually closed.  So we had this really huge, really old power plant, using #6 oil, that had a mile-long steam run from the power plant to some of the facility, and then closing off steam to some of the other buildings on the facility.  So there were huge opportunities here.  This was a project of $24 million, so a very significant project cost to do a lot of work.


The main component here had to do with getting rid of those #6,  1950s boilers and creating an entirely new power plant with very efficient steam boilers, including a 500-plus kilowatt cogen or combined heat and power system.  But there were lots of other things as well.  Obviously lighting, and we talked about that.  Exit signs was an easy hit.  Replacing motors and drives, programmable thermostats, a new energy management system to help manage the day-to-day energy use and the systems and scheduling at the site.  


And then, again, while it’s very difficult to do that exterior, adding inches of insulation on the exterior of buildings, there was a lot of insulation done for weather stripping and air sealing, piping insulation, and then also storm windows, as appropriate, throughout the facility.  


And then something that, in older facilities, is really critical is looking at all the steam traps and essentially replacing ones that don’t work and repairing the ones that need to be repaired.  There was also some solar-thermal and solar PV as part of this project, as well, contributing to the reduction in fossil fuel use for the entire site.


This is just a quick slide on some of the reductions we plan to see.  Seven million kilowatt hours per year at this site.  Elimination of 1.7 million gallons of #6 oil.  Obviously, replacing that is about 1.5 million therms of natural gas.  For those of you that love conversions to BTU, you can see all the plusses and minuses in MMBTUs that change from the baseline to now.  For those of you who know EUIs, you can see that this site was a very inefficient site, at almost 300 kBTU per square foot EUI, projected to go down, after a full year of operation, to less than 150 kBTU, with annual energy savings of about $2.5 million.  


I should just add that we fund these through an internal financing bonding system that we have established, where the bonds are issued by the state, but the bond payments are then managed from the savings, or taken from the savings of the project.  We’re looking at close to a 50 percent energy reduction, using a four-year average baseline.


The next one is actually relatively similar.  It’s an old facility, about 30 years old, so not as old as the other one, but it’s really never had any energy efficiency improvements.  It has an antiquated #6 oil, high-pressure steam system, 18 buildings on the site.  Similar square footage, a little over 800,000 square feet.


This is a prison facility in central Massachusetts.  A $13 million project, and, again, we went after the heating system, first and foremost, and replaced the high-pressure steam, #6 oil boilers with a low-pressure steam system, as well as adding some condensing boilers, and then a number of other environmental conservation measures, ECMs here that you can see, including some insulation in the attic of a lot of the buildings, which I think presumably had virtually no insulation whatsoever.  


And then, in this case, where we have 1,000 inmates, the hot water use is actually very significant, so unlike, perhaps, other administrative or office spaces where hot water use is minimal, doing a major water conservation project is actually critical to some of the energy reductions.  So looking at showerheads, in particular, and faucets that use hot water, and replacing those actually had some significant energy savings, as well as some significant water savings.  


In some of the buildings, we replaced some of the windows.  That’s often not a cost-effective measure, but sometimes required because windows are so old, they’re just basically falling apart, and you need to have windows that at least are in place, so that’s a good opportunity to put in highly efficient windows.  


I should just add that as a side note, although not part of the energy reduction calculations, there are also two 1.65 megawatt wind turbines operating at this facility that will, taken with the efficiency reductions and the renewable energy production at the site, will essentially make this a zero net energy facility, when looking at energy use over the course of a year.


This project has a little over $1 million in savings.  Again, some of the numbers, I don’t think I need to go into them.  It’s similar to the last project, eliminating oil, increasing gas.  Again, about a 50 percent energy use reduction and slightly higher reduction in greenhouse gas emissions for this complex.


Just a couple of quick slides on the real-time metering program.  Through our ARRA grant, we funded the installation of a little over 1,300 real-time meters at 25 million square feet of state buildings, so we are now getting five-minute interval energy data across all of those buildings, for all the fuels, and that’s really helping us to start, one, prioritize and understand what buildings are in need of energy efficiency measures, but also, two, in trying to provide us with actionable information that we and facility managers can use to improve the day-to-day operations of our facilities.  


I think what we’re finding – and I think Matt can probably attest to this – is that even in buildings that are designed very well and that have all sorts of LEED certifications and talking about energy reductions over base code, we’re finding that unless we have this real-time energy data, it’s very difficult to know whether or not those buildings are performing up to the standards that they should be, and then also, where and when and why and how that energy use is not performing, where the anomalies are and what strategies we can start to employ to reduce energy, using operational strategies as opposed to mechanical strategies, or equipment strategies.


This is just an example of a LEED Platinum building, our first LEED Platinum building in the state government portfolio that we built.  It was just certified, and it was a lab, so obviously the performance of that is going to be higher than a standard building.  But as you can see in the top left there, our building is performing right around the average energy performance of labs. You can see the green bars are the various energy performance of different labs in the same weather zone.  


When we look at the real-time data, what we see is that the building is operating virtually on a 24/7 schedule.  Now, that may be true for some parts of the building, but the building has offices, it has administrative functions, it has some labs that are used a lot and some that aren’t.  So what’s clearly happening is that the entire building is being used as a lab space on virtually 24 hours, so ventilation and equipment, other than personal computers, are being used constantly.  


You can see the daytime peaks on the bottom of the slide here.  If you can see those three gray-shaded areas, those are the weekends.  Clearly, the building is using slightly less energy on the weekends, but is not really shutting down on the weekends or at night, to any significant degree at all.  We are now in the process of working with DCAM to go back and retro-commission the building, understand what design elements, what construction elements, and what operational elements are leading to some of these anomalies, to some of these high energy uses.


Very quickly, our lessons learned.  I think I’m not going to go over all of these in detail and leave time for some questions.  What I do want to say is that I think a lot of what Matt said was absolutely accurate.  I said that a couple of times.  Bundling deep energy retrofits with existing renovations or existing retrofit projects is really critical and really helpful to making the projects cost effective.  


If you're already going into a building and doing stuff, and opening up walls, and taking out equipment, then doing that incremental work and incremental cost to go deeper is actually much easier.  Focusing on older facilities and highly inefficient facilities is also a good strategy.  Having financing in place or bundling together financing strategies can be critical.  And, for our part, we are still trying to get actual data for the projects that have gotten underway over the last year or two, and we are preliminarily looking at some of the data and finding that there is a little bit of variability.  


In the Castle Square project, which is that midrise, multi-family housing project, what we’re finding is that a couple of decisions that were made in the final stages of that project have actually led to lower energy savings than had been project.  Now, they’re still saving 50 percent over the baseline, which is great, but they had modeled somewhere in that 65 to 70 percent energy savings.  


Clearly, there’s something going on there, and without going into a lot of details, what they have found is that thermostats are being set at a higher level than they had modeled – so that goes to occupancy and behaviors – and, in fact, that some of the tenants are then opening windows, so heating their apartments but getting high temperatures and then openings windows to get some nice fresh air to come into the building.  They’re trying to address that by putting a cap on the thermostats for the individual units as one way to try and bring down the price.


Alternatively, in some of the other projects, that warehouse project that we looked at, the 57 percent reduction design, they’ve actually found that they’re closer to 75 percent energy reduction, and they claim – and we’re still ground-truthing this – that for a 60,000-square-foot warehouse, they are spending about $600 a month to heat the building.  That’s a phenomenally low energy bill for a building of that size.


And then Lyman Estate, that historic, mansion-looking building, that building actually was designed for 50 percent energy reduction and they are projecting, using some preliminary data, that their savings will be closer to two-thirds, or 66 percent.  So we’re seeing some variability in the savings, but this is something we’re going to hopefully be tracking over time, and trying to hone in on some of the actual savings and comparing that to the costs.


As Matt said, envelope improvements are key.  Virtually every one of these projects has some sort of envelope improvements, whether it was exterior insulation or air sealing or duct work or insulation in the attic or a new roof.  I think Matt’s point, that it’s hard to get the deep energy retrofit without envelop improvements, I think, is a good one, and I think we’re finding that’s a consistent opportunity that we struggle to do, but that we really want to try and do to get these deeper savings.


The other thing I would say is that there a number of strategies like fuel switching that have more of an impact on greenhouse gas emissions than they do on energy use.  That’s something we’re struggling with a little bit, but we think both of those are legitimate goals, so sometimes moving away from dirtier fuels, even if we’re not reducing the energy use by the same amount, is still a good thing for us to do.  


We’ve also gone to longer paybacks, to try and incorporate some of these longer measures.  For state buildings, anyway, looking at a 20-year payback or 15-yaer payback, instead of limiting it to 10 years, and since our buildings are going to be around for 20 years – that’s just the way the government is – enables us to really go deeper and get those greater savings over the long term.


I’m not going to go through these.  I’m presuming they’ll post these.  There are some specific technology recommendations from some of our grantees, and some of the things that they’ve learned.  I’m not really sure which one of these is worth talking about, so I think I’ll just leave them, but I think that’s something we’ll be looking at, also, is what technology strategies and techniques really worked, and what lessons did we learn from both the implementation as well as the maintenance and ongoing operations of those systems.


I think that’s it.  No, there’s some more there.  Sorry.  These are sort of non-technical lessons learned about communication, and some of the other things I think we’ve already talked about, so I think I’ll skip this, in the interest of time.  All right.  With that I think I’m done.  Thanks.

Erin:
Great.  Thank you, Eric.  That was really great.  Now I’m going to go ahead and start the question-and-answer session.  We’ll get to probably just a few of these, for the sake of time.  With that, let me open up the questions and we will start addressing some of them.    Just to answer a lot of questions, the webinar will be available afterwards.  We will be sending you links to those as soon as they’re posted.  


The first question, is there any guide for single and multi-family homes?

Matt Leach:
I think this question is addressed to the Advanced Energy Retrofit Guide.  As of right now, there is no plan to have guides for those building types, but I would recommend anyone, even if the retrofit you’re looking at is not for a building type for which there is a specific AERG, there is a lot of great process in there.  There’s a lot of great content that’s really not building type-specific, so I think there’s still a lot to learn there, even if it’s not for your exact building type.

Eric Friedman:
I would just add that the Castle Square project that we funded through ARRA has actually done quite a lot of work in documenting what they did, from a strategy and technology side.  Erin, we can provide the website to you, if you want to get that out to people.

Erin:
Absolutely.  That would be perfect.  Thank you.  What are the sorts of costs to perform LCTAs?

Matt Leach:
This is Matt again.  LCTA, here we’re talking about lifecycle cost analysis.  Particularly for the example that I gave, the Fort Carson net zero retrofit project, to some degree it was a research project.  A lot of our costs, we got those costs from specific product manufacturers, also from RSMeans cost data, and then a lot of it, also, was kind of back-of-the-envelope calculations from design engineers or technology experts that we know, either in-house or people that we know in industry, that we work with.  


But when you’re talking about a specific project, I would definitely encourage anyone to try to get cost estimates that are specific to their project, that really factor in the constraints of that project, because they’ll just be more accurate and you’ll get a better economic analysis.  

Eric Friedman:
Matt, I would just add – and I think you mentioned this – if you ask the question early in the process, and set a target of a deep energy retrofit for a particular project at the very outset of your project design, and even your study, that the costs are likely to be much lower, because they’re going to be out there already, looking at the site, doing energy modeling, so looking at additional strategies to go lower, you can correct me if I’m wrong, but I don’t think adds significant amounts of cost.  The measures themselves may be costly, the analysis and the studies might be a little bit more costly, but not significantly.

Matt Leach:
Absolutely, and that’s why we really try to stress the importance of the process – doing things in the right order, considering things at the right times, whereas in a typical process, sometimes you don’t think about things until it’s too late, and then if you want to address it at that time, it becomes less cost-effective.

Erin:
Thank you.  The next question is how do you make sure the building energy model is well calibrated to reflect the baseline?

Matt Leach:
I think the most important thing there, when you’re trying to make a building energy model match an existing building, an actual building, the most important thing all the time when you’re dealing with energy modeling is making sure you have high-quality input.  In particular, you really need to study how the building is being operated, understand the schedules of the building, how equipment is sequenced and used.  


Those things are critical, because a lot of times when somebody does an energy model, they’ll say, okay, this building has this boiler, has this lighting system, and they kind of just put that in and they may neglect the operations side.  As Eric was pointing out, there’s an override period in terms of predicted performance versus actual performance, and how the building is actually operated really has a huge impact on how the energy is used.

Erin:
There’s a clarification question for Eric.  What is HPB on slide 67?

Eric Friedman:  
Sorry.  High performance buildings.  That’s one of the ARRA-funded categories for a variety of building-related grants that we made.

Erin:
Thanks, and I have another one here for Eric.  The examples just shown all covered less than about 20 percent of their total cost with energy savings.  What did you use as a cost justification methodology?

Eric Friedman:
Let me see if I understand that question.  I think what you’re talking about is the percentage of savings to project cost, not energy cost, because actually we didn’t put up the energy savings.  The first thing I should say is it’s a really good question.  For the high performance buildings projects, those projects, at least as were designed and as we funded, did not actually pay for themselves.  


That was a point I probably should have made.  Those high performance building projects that we funded through ARRA actually, over the life of the project, were not ultimately cost-effective from a straight economic perspective.  


Now, we were okay with that because, one, we were using federal money – thank you DOE and folks – but also because we really saw these as pilots and wanted to really understand whether these were technically feasible strategies and how they would perform over time.  Hopefully the idea is that some of those strategies and techniques and technologies become cheaper as we deploy and implement them more and more.


For the state projects, those projects actually do have paybacks.  I don’t have the numbers in front of me, but I think they’re between a 10- and a 15-year payback, so that fits well within the time frame of paybacks that we consider acceptable for sites that we know are going to be around for many, many years.  I hope that answers that question.

Matt Leach:
I think that’s good, Eric.  I’d like to add.  I think it’s important to keep in mind that you’re going to have a project budget, and it’s important to understand that that project budget is not all for efficiency.  There’s some fraction of that that is applied to efficiency, so when you’re looking at payback, and you’re looking at total project budget and energy cost savings, it can be a bit misleading.  


To really do that analysis, you need to separate out what fraction of the cost was invested in energy efficiency.  A lot of it goes into just general renovation, repurposing, aesthetics, changing building functionality, things like that, so it’s important to keep that in mind.

Erin:
Great.  Thank you both.  That is all the time I think we have today for our question-and-answer session.  I would like to thank our speakers, Matt and Eric, for their time today, and a special thanks to Molly Lynn at the Department of Energy.  We will be posting the presentation slides and audio on the Department of Energy Technical Assistance Program Solution Center webpage, where you can also apply for direct one-on-one assistance.  This concludes today’s webinar, and thank you so much for attending.  Have a great day.

[End of Audio]
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