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On an annual basis, buildings in the United States consume 39% of America's energy and 68% of its electricity. Furthermore, buildings emit 38% of the carbon dioxide (the primary greenhouse gas associated with climate change), 49% of the sulfur dioxide, and 25% of the nitrogen oxides found in the air. For many years the buildings which make up our city’s skyline were constructed with two fundamental things in mind….architectural beauty and engineered functionality.  During this time, energy efficiency was not necessarily a part of the design process and certainly sustainability was not common to most of those team’s vocabularies.  In recent years, with the rising cost of energy and the threat of climate change, a new design intent has been added; performance. With emerging green building standards, came a focus on energy efficiency and sustainability. Computer models were used to predict the performance of the building. Today, many buildings are designed with a certain energy efficiency goal in mind and at the end of the project they may or may not have accomplished that design goal. How can you tell? While the visual structures may appear to have accomplished their architectural goals, do they meet their efficiency and sustainability goals? How do you know that the energy model that was used in the design process actually represents the buildings true energy profile? What mechanism has been put in place to assure the owner that the building is performing to design? More importantly, will it continue to perform to design, long after the project team has left?



The Built Environment – Design Intent & Results

Building use 40% of  all primary 
energy worldwide

Design has a large impact on 
efficiency considering the 50-80 life 
cycle of  a building.

Only 50% of  surveyed LEED 
buildings met design expectations. 

LEED 3V addresses this by 
emphasizing the importance of  M&V
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Approximately 40% of all primary energy is used in buildings worldwide. This includes energy for heating, cooling and lighting purposes in the built environment. Most of the energy is consumed during the operational period of the building. Considering the fact that buildings are designed for a lifetime of about 50-80 years, green house gas emissions are of a significant quantity. There are several standards with which to measure the performance of today’s new building designs. For example, LEED addresses the sustainable environment and efficiency aspects while Energy Star targets product and building operating efficiency.In 2008, the New Buildings Institute issued a report on the energy performance of LEED-NC certified buildings. Their sample pool was 522 buildings. Only 121 buildings or 22% of the buildings were able to provide at least one full year of measured post occupancy energy usage data. On top of that was the finding that approximately 50% exceeded the design expectations but fully 50% did not meet design expectations with a portion of the buildings performing worse than the ASHRAE baseline?While the design intent may well take into consideration the many opportunities for efficiency and sustainability, without some method of follow-up after the buildings are in operation, there is no way of knowing if it met all the requirements or not. One of the changes incorporated in LEED Version 3 is the re-weighting of measurement and verification from 1 point to 3 points and the   requirement to provide a process for corrective action if the M&V plan shows energy savings are not being achieved. Therefore, with the proper measurement and verification tools included in the design, the true performance of the facility can be measured from day one.



Performance

Energy
Efficiency

Indoor 
Environment 

Quality

BAS

The true measure of a facility's 
performance is how well it can 
balance the need for energy 

conservation with the requirement to 
maintain a comfortable indoor 

environment.  

Balance
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With the rising cost of power, building owners, design engineers, and energy managers will be looking for energy conservation measures (ECMs) for their buildings. They will have to establish the delicate balance of reducing energy cost while maintaining a comfortable environment. These comparisons require objective data that allows statistical comparison. In the end they must be able to apply their limited resources toward projects that have the greatest opportunity for improvement.  Decisions on where to apply resources cannot be made unless the value of both the building’s efficiency and its comfort are equally represented.Am I willing to sacrifice a comfortable environment for energy savings?  To what extent?In order to do this, the facility managers need a system which can measure energy consumption through electric meters, gas meters and sub-meters as well as determine energy costs from utility bills due to peak demand and power factor charges.  They must also be able to quantify the system’s ability to maintain comfort. Fortunately, with the current technology available, it is possible to measure factors that have a significant impact on comfort and come up with an index which, if not perfect, is certainly much better than no measurement at all. This provides us with a quantified number for comfort to be able to balance against our energy usage.  The true measure of a facility's performance is how well it can balance the need for energy conservation with the requirement to maintain a comfortable indoor environment.  



Why Measure?

“You can’t manage what 
you don’t measure!”
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Why Measure?It’s quiet simple.“You can’t manage what you don’t measure!”When a building owner makes a commitment giving higher priority to reducing energy costs and protecting the environment, it is important to measure the results of these efforts. Without proper M&V, you will never be sure of the performance of your design. And as the building grows older, if you have not designed the M&V requirements into the BAS, the owner will not know whether the building is performing correctly or not. Senior managers need this information to justify budgets for capital improvements to produce long-term benefits and to determine the benefits received from these investments. These measurements can provide feedback on whether investments are producing the anticipated benefits. If they are not, monitoring may identify reasons for the shortfalls and help facility managers improve performance with other projects. None us would ever think of going for a year without balancing our checkbooks with our banking account, yet facilities will operate their systems for years without ever checking to see if there energy usage is balanced and accounted for. This costs them much more than they realize.



The Role of the BAS
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Much like the human body, a building has various systems which work together to create a healthy environment.  The HVAC system, the lighting system and the building envelope, to name a few, are all critical to maintaining a healthy building. Just as the brain and nervous system is vital to the body, the Building Automation System (BAS) is critical to the health and operation of a building.Modern automation systems use sophisticated sensors to measure and record vital performance criteria for a facility. With the processor and memory capacity now available, these data points can be trended and analyzed to determine proper facility operation. With the hundreds, even thousands, of data points within a typical building automation system, it is critical to have a system which can roll up the data into an easy to use format so that the facility manager can make timely and informative decisions.  Many of today’s systems are more than just “control” systems; they are also information systems that provide the facility manager the ability to understand how the facility is being “controlled”. This intelligence helps him to not only understand the “how” of operation but also the “why” of it being operated. Did my chillers come on in the middle of the night? Why?  Much like a pilot who depends upon the flight instrumentation system to provide him with the information he needs to safely fly a plane, the information provided by the BAS should be timely, intuitive and revealing. Smart decisions are made from smart information.



Measurement & Verification Tools
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Today’s technology affords us many tools to help measure the performance of a facility. Many are now incorporated into the core features of the Building Automation System and utilize the vast data already gathered within the system. We use a variety of tools to help us measure the performance of a facility.WebCTRLUtilizing the built in features of trending and recording, we gather temperature, humidity and co2 readings from each facility and measure the ability of the system to maintain it’s setpoints. We then give each a grade of 0-100 based on how close to setpoint the reading is. We then roll all of these grades up to give the facility a total grade. We call this the Environmental Index. We also measure and record the Utility data and score the building energy efficiency in much the same way.It is critical that energy use is recorded and monitored regularly so that excessive use can be identified and stopped. If only the utility bills are monitored it could be sometimes a month or more before a problem is known. The information gathered from the WebCTRL system is stored in our database for further analysis and reports through our M-Power & Energy Report Builder tools. This allows you to see the performance of each facility in an easy to understand graphical format. This information is timely, intuitive and revealing.



BEST PRACTICES FOR SUSTAINABLE 
EFFICIENCY

 Commit – Must have buy in from 
the top.

 Assess – Identify the opportunities 
for savings.

 Reduce – Target the low hanging 
fruit first.

 Envision – Evaluate your success 
and repeat. 
 (Re-commit, Re-assess, Reduce, Re-envision)
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One of the first steps in controlling energy costs is developing a strategic energy conservation plan that provides an overall “framework” for reducing energy usage and costs. There are four essential components to such a plan…Commit, Assess, Reduce and Evaluate, then repeat.  It is important that this becomes a continuous improvement process in order to establish sustainable savings. Much like those of us who have dieted in the past, once you stop the process and lose focus the weight comes back. Maintenance becomes a matter of keeping your eyes on things and the discipline to make sure you don’t fall short of your goals. Every building is different, not only in design but also in how it is operated. In order to get the most out of these best practices you must tailor the plan to your specific facility.



• Convince the Owner of the value of an intelligent BAS 
that provides the features mentioned in this presentation.

• Understand that the costs are far out-weighed by the 
sustained savings. Don’t fall into the VE trap.

• Write a performance spec that requires the M&V 
features.

• Understand the impact of design on MEP system 
efficiency – both positive & negative. 

Bringing it all together
ESL-HH-10-08-01

Proceedings of the 17th Symposium for  Improving Building Systems 
in Hot and Humid Climates 
Austin Texas August 24-25, 2010 

Presenter
Presentation Notes
Whether it is new construction or retrofits, there are many great programs available today to help design teams establish and measure their efficiency and sustainability goals. These goals are defined and established on the front end of a new building or major retrofit. Whether it is LEED, Energy Star or just ECM’s being pursued; there is a process, not without effort, that if handled correctly, can deliver positive immediate results.  What is being done to ensure that these goals are maintained on the back end? The real question is “What proactive steps happen once commissioning has been completed”?Entropy (meaning the steady decline of design ideals and systems) begins day 1 after project completion.How can we minimize or better yet prevent this from happening? The level of post commissioning management and awareness determines the rate and intensity of this decline. The better the continuing monitoring and analysis, the closer to horizontal the entropy line will be. The most sophisticated tools in the industry are no better than the level of skill used in operating them and the commitment to the goal. The tools described here are but a few of what are now available. While they are good in the post installation of a building, they become more powerful and can be even better utilized if they are implemented at the front end of the design process. Starting at the beginning establishes a baseline for post-installation comparative effect on comfort conditions, energy efficiency and ROI.   Ultimately, sustainability is defined in the beginning and is executed on the back end, with the proper measurement & verification tools providing the necessary accountability and balance to the front end ideals established by LEED and Energy Star. This provides an operational continuity that is sustainable and minimizes the impact of building entropy. This is truly sustainable performance, by design.



Questions?
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