[bookmark: _Toc146137259]3.2  Building Case Study Results
This section discusses preliminary results from the building case studies performed as part of this study, and the section is structured to answer the research questions raised in section 1. Although data were collected in each building type that could be used to answer many of these questions, selected data are presented here to highlight the types of results that this study and those that follow will generate. 

Fraction of commercial energy use that results from MELs 
A key question for MELs research and evaluations of commercial buildings in the field is what is the fraction of total building electricity used by MELs. As traditional building systems (e.g. HVAC, lighting) become more efficient, the fraction used by MELs will increase. The energy use of MELs is also increasing in real consumption, and it is becoming more critical to address MELs.
The primary tool for addressing this question is the use of circuit level submetering, but very few buildings are in a condition such that this metering is practical given time and budget constraints. For example, the medium office building has more than 40 panels and breakers with multiple metering points installed per panel, and this coverage is insufficient to fully extract the circuits that are labeled as plug loads or that fall into the miscellaneous category. To further complicate things, many circuits are mixed use: some lighting or HVAC is mixed together with MELs. Buildings are continually changing, and changes to the electrical system are surprisingly regular. The metering system and calculations would need to be updated regularly even if all of the required metering points were in place. 
We used two methods to evaluate the fraction of building electricity used by MELs: standard submetering and projections based on individual MELs metering coupled with whole building energy data. Using MELs device level metered data, it is possible to either directly sum or project a building MELs total, and this method provides a second way of looking at this problem. 
In the Walmart store, existing submetered data was utilized. The category containing MELs was responsible for 29% of the total building electricity use from 2006 to 2008, but the fraction of building energy use resulting from MELs cannot be exactly determined due to the issues identified earlier. 
Using a similar submetering installation, the small office building at ORNL uses approximately 29% of its electricity for MELs. Similar problems exist in this metering effort as in the Walmart, limiting the ability to acquire an accurate MELs energy breakdown. 
Although submetered data is available for the medium office building, it is of insufficient quality at this time for reporting MELs energy use. Based on a sample of MELs device level metering, we estimated the whole building MELs consumption and compared this to the whole building consumption in a typical summer week. We found that the MELs consumed over 20% of the building total excluding major energy consumers like transformers (identified by TIAX as one of the most significant energy using MELs). 
Data are unavailable at this time for the other buildings in this study. Some of these missing data will be available in the final report. For example the Bistro Food Service is a tenant in a larger laboratory building with shared HVAC facilities. The required submetering data is unavailable as a result. The intention is to use whole building data and the metered CMELs data to come up with estimates similar to that found for the medium office building of no submetering data are available.  The disadvantage of this technique is that it does not include the transformer losses (a miscellaneous load), but an advantage is that we know exactly what is being metered and can be sure that no primary lighting or HVAC are included in the CMELs total. 
Figure 3.1 shows the electricity use breakdown for the buildings in this study where data was available. We note that buildings use over 20% of their electricity to power MELs, and we expect this percentage to grow as efficiency improvements are made to the other, more commonly addressed end uses. 
.
Figure 3.1: Combined figure showing each building with some breakdown of energy use. (Should we show buildings that have no data?)
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Variation in CMELs energy use by device category and building type 
The CMELs that are the most numerous or the most energy intensive vary from building type to building type. It is critical to understand how building type and space type influence which CMELs are the most important to address. Similarly, comparisons between building type are important because they show which CMEL reduction strategies may apply across building types and which are building type or space type specific. 
Figure 3.2 presents the distribution of CMELs by device category and building type to provide comparisons between CMELs distribution for buildings inventoried in this study. Each building for which data were available is shown with the top five energy consuming CMELs categories. Both the faction of CMELs energy use and the fraction of CMELs devices are shown to illustrate that the CMELs that consume the most energy depend on the building type. In offices, computers consume. In other buildings, this is not the case, however. Commercial kitchen equipment is the largest consumer on both the retail and food services buildings. There are 16 categories of devices shown in the figure, and 8 of these categories are only a top five energy user in one building. This illustrates how different the CMELs are from building to building and shows the long tail of the distribution of CMELs. In a given building type, there are not simply five major players with everything else having a minimal contribution. There are several dozen device types found in each building, and many of these devices are captured in the “All Others” category. There are too few of that particular device type to consume much, but many such situations exist making this category larger than some of the top five categories. 
Figure 3.2 - CMELs Device and Energy Distribution by Building Types and Device Category Uses. Preliminary data is used in this chart. Results expected to change with further data collection. 	Comment by Steven Lanzisera: This chart contains 17 categories including "all other." We should discuss the best way to display these data. There are 8 categories of devices for which that device category is only shown for one building. The plot we have is one option, NREL proposed another. We can supply the data used in these plots in an easy to digest format to enable others to plot them. 
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The density of CMELs devices and their corresponding energy density is highly variable from building type to building type. When modeling a building for renovation or new construction, CMELs energy densities are important to improve modeling. When building an energy estimate based on best in class technology, the device density is critical because it can be scaled with updated energy estimates to predict the reduction in energy use. Figure 3.3 is shows the density of MELs by end use per 1000 sf of floor area, and Figure 3.4 shows the corresponding energy density for these devices. These charts divide the MELs by enduse, the highest level in the taxonomy. From these charts we see that not only do the number of devices vary significantly by building type, the density is also highly variable. Low device density (the commercial kitchen or retail store) does not correspond with low energy density. These charts are preliminary and new data and analysis will be included in the final report to revise existing and add incomplete data. 
Figure 3.3 - CMELs Device Density (Devices per 1000 Square Feet) by Building Type and Enduse
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Figure 3.4 - CMELs Energy Density (Energy per 1000 square feet) by Building Type and Enduse
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Hospital MELs are very different from the MELs found in other buildings, and the study of them is particularly challenging for several reasons. Because we do not work in the medical field, we are unfamiliar with medical equipment in a way that is unique to the building type. Less information is available, and the names of devices do not intuitively inform us of device function. The medical inventory is built from several hospital managed databases that store inventory data. A total of almost 36,000 MELs are included in our hospital inventory analysis, and this includes devices in storage or maintenance. More analysis and research is required to gather information equivalent to that available in the other buildings. Figure 3.6 shows a breakdown of hospital MELs by medical device type and by hospital organization structure (IT and facilities MELs). The IT MELs are all electronics while the facilities MELs are largely miscellaneous with some traditional appliances. 
Figure 3.5 - CMELs Distribution by Device Category in Hospital
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Figure 3.6 shows the breakdown of the CMELs inventory by device type in the retail store. Of the 453 CMELs inventoried in the Walmart, we see that no two or three categories make up a more than 20% of the total devices found. This figure highlights the diversity and quantity of CMELs in a large retail outlet environment, and a similar situation is found in other building types. Such a diverse set of CMELs makes addressing CMELs energy use challenging. 
Figure 3.6 - CMELs Distribution by Device Type in Walmart (Retail)



Breakdown of energy use by power mode 
In order to improve CMELs device energy use and evaluate the potential efficacy of controls for CMELs, it is important to understand how devices are used. A key component of use is the time that devices spend in various power modes. If devices are left on all of the time even when it is unlikely they are used, improving behavior or adding automatic power down capabilities can save significant energy. If devices already sleep at low power levels much of the time, we must focus on improving the on-state efficiency of the device or reducing the number of devices in use. Without detailed information on the breakdown of energy use by power mode, these sorts of decisions cannot be made to maximize function while minimizing energy. 
The usage patterns of CMELs vary not only device type to device type and building type to building type but also significant variability occurs within particular device types in the same building. CMELs have a distributed nature and close ties to users that cause this high degree of variability.  Increasing the time devices spend sleeping or off is a primary opportunity for saving CMELs energy, and we found that devices often spend far more time in high-power states than is required. Further, we identified some low-power modes that may be higher than necessary. 
Figure 3.7 shows the high degree of power mode variation between typical office computers. Some computers are never used during the week in question while others are left on almost the entire time as shown in the left hand chart. The right chart shows that those computers with even relatively small on times consume most of their energy in the on mode. Therefore, increasing device sleep time will be an effective means of reducing energy use for devices that are left on. Computers that are left on 6-10 hours per day vary in typical energy use by almost ten times. Improving the on-state efficiency of devices will also be an effective means of reducing energy use. These findings are shown for computers, but they carry over to other devices in other buildings as well. 
Figure 3.7. Percent time and energy in power modes for 19 computers metered over a work week. Each column represents an individual computer sorted from left to right by increasing energy use. Energy use is dominated by time in the on (active) mode even when time in that mode is small. 
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Figure 3.8 shows 24 hours of power data from a desktop computer tower used for training employees in a retail environment. Automated mode identification identified two modes: a low power mode averaging 44 W, and a high power mode averaging 87 W.  This computer spends 15% of the time in its low power mode, and, in the four weeks that this computer was metered, it was never turned off. This computer is only used 16 hours per day, on average, typically resulting in significant wasted energy. The low power mode of 44 W is ten times higher than required for an unused computer. 
Figure 3.8: Time series plot showing the power of a desktop computer used for training in the Walmart. Two different power modes were identified and are highlighted on the chart.
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Correlations between CMELs energy use in a space 
CMELs are often used together to assist users in performing a task, and we expect to see energy use of devices in the same space correlated in time as a result. Determining correlation could reduce the number of meters that need to be deployed in some cases where the correlation is known to be very strong. In other cases the correlations are not very strong, but we can learn more about how devices are used together informing technology improvement strategies.  Figure 3.9 shows the power load divided by device type over one week (Saturday to Saturday) for one office at the church. This office is used full time and contains nine metered CMELS.  Some of the loads did not use significant energy over this period (adding machine, speakers, heater, and electric pencil sharpener).  The PC, monitor and printer have highly correlated power consumption, and the statistical evaluation of this correlation (and for other similar situations in buildings) will be included in the final report. 
Figure 3.9:  Composite of CMELs energy use in a single office space showing correlation in time between device energy use.  

[image: Officeload_subloads_stacked_Robin Rosse]
Weekday average profile for a given device 
[bookmark: _GoBack]CMELs loadshapes are useful to improve load modeling in new or retrofit designs and to improve utility forecasts for peak load or demand response planning. Figure 3.10 shows the average weekday power consumption for computers (left) in the medium sized office building, and the light traces represent the average consumption of the individual computers. Figure 3.10 (right) is a similar figure for computer displays. The individual device traces have significant roughness primarily because of the short period over which these data were collected (5 days), and longer metering periods will result in more accurate results. From these figures we see that power management is not used as effectively on computers as on displays. There is a great deal of variation from device to device and significant usage during off-hours, but there is a clear shape showing the most common building occupancy trends. 
Figure 3.10:  Weekday average power consumption for computers (left) and computer displays (right) taken from the medium office building. Power management is used more effectively on displays than on computers. 
[image: ][image: ]
Load shapes also show the on-mode efficiency and the effectiveness of low-power mode use in devices. Figure 3.11 shows load profiles for three cash registers in three different locations in the Walmart store. The cash registers in the checkout and customer service areas were in operation 24 hours a day and were never powered off. On the other hand, the food service area operates from 6 AM to 9 PM daily. The cash register in this area is switched into a low power mode during unused hours. From these plots, we observed that even unused devices remain in relatively high power mode. Cash register low power modes are much higher than those for comparable computers showing that improved low-power mode design and utilization of cash registers is a significant opportunity for savings in retail environments. The distribution of power consumption when active for these three devices varies by almost a factor of two, but the devices nominally perform similar functions. It is likely that purchasing guidelines for equipment could result in the purchase of more efficient equipment both in terms of on-mode and low-power mode consumption.
Figure 3.11: Power draw of three different cash registers in three different space areas. Shaded area represents times of the day that the food service area is closed. 5 days’ worth of data is shown with 30 minute averaged data.
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Evaluation of meter accuracy
Meter accuracy can be an important issue to consider when performing a distributed metering study such as this one, but the accuracy of the meter is just one of the many factors that influence the accuracy of the energy evaluation of CMELs. Because it is often not practical to meter every device, variation in device types and usage patterns will contribute errors that are likely greater than those contributed by meters that are a few percent from accurate. At the same time, data collected in a study like this one can be useful outside this immediate context. Low power mode studies require high accuracy at the low end, and we have found that inexpensive meters perform most poorly below 5W. 
For aggregation studies and for comparing usage patterns across devices, relatively coarse accuracy is all that is required. If, on average, the meters are close to correct, then the aggregated values (e.g. all computers in a building) will be close to correct as well even if individual meters produce results that are less than ideal. Determining usage patterns and variations in usage also only require meters with coarse accuracy. Detection of power mode changes requires repeatability rather than high accuracy. Analyzing individual traces for power levels in depth, however, requires meters with higher accuracy to ensure the validity of the conclusions. It is likely that a balance between meter accuracy, expense, and sample rate that is particular to the study objectives is the best choice. 
The labs evaluated the accuracy of a wide set of meters for this study including several commercially available meters and the custom meters used by LBNL. Each lab conducted a series of meter studies to ensure that the team had broad knowledge and understanding of these issues. 
The primary meter used in this study was the Watts Up? Pro ES or .Net meters. These meters have very similar performance because the designs are highly similar, and the metering results for set of these meters in shown in figure 3.12. These meters were found to be the most accurate of the tested meters, an unexpected result because the Watts Up? meters were selected based on consideration other than accuracy. Figure 3.13 shows the accuracy of the same meters for measuring current.  Note that the worst case accuracy for power was less than 10%, but current measurement errors up to almost 50% exist showing a limitation of current, low-cost metering technologies. 
Figure 3.12: Power measurement accuracy of 50 Watts Up? Pro ES Meters
[image: nrel_meter_accuracy]
Figure 3.13: Current measurement accuracy of 50 Watts Up? Pro ES Meters

[image: ]
The ACme wireless meters are custom devices, and the accuracy of the meters was determined at the time of calibration. Typical accuracy of better than 0.5 W or1% of reading was observed as shown in figure 3.14. This chart plots the residuals after calibration for seven meters at the calibration points used. Similar to the WattsUp? meters, accuracy is worst at the low end. This is accurate enough for most purposes and is of comparable accuracy to the WUPE, the most commonly used meter in this study. With an additional design change, higher accuracy is possible. 
Figure 3.14: Box plot showing the residuals after calibration for 7 ACme meters. Typical accuracy is better than 0.5W or 1% of the reading, which is similar to the WUPE meters commonly used in this study. 
[image: residuals_14sept2010]

4.0 Research Plan 
This is an interim report for the CMELs research effort. A significant effort remains in several of the buildings under the currently funded work. This section outlines the research plan for each of these buildings as well as the preparation of the final project report.  
4.1 Church 
ORNL plans to deploy additional meters at the CBC in the immediate future to cover all CMELs at the facility, with the exceptions mentioned previously. This will include over 200 individual CMELs. It is recommended that the CMELs program continue to be supported until at least one year of data is obtained to quantify usage through the various seasons, including the holiday season. Large variations are expected particularly in individual space heaters and dehumidifiers. The data analysis efforts are underway with currently available data, and more work remains to develop the tools required for analysis. 
4.2 Small Office Building
ORNL will continue to monitor CMELs on a small scale at Building 3156 on the ORNL campus. Data will continue to be manually downloaded, and enhancements to that process will be sought. Two energy savings types of power strips are being tested at workstations in the ORNL office building. The intent of these devices is to reduce parasitic loads when a workstation is unoccupied. One type monitors the PC plugged in to the master outlet. The other outlets on the power strip are switched off when the device has detected that the PC has gone into sleep mode or is powered off. This is useful for peripherals such as speakers and monitors, as well as task lighting, electric staplers and pencil sharpeners, etc. The second power strip device is controlled by a motion sensor with adjustable delay, and essentially accomplishes the same result by different means. So far, the motion sensor device is preferred.

4.3 Medium Office Building
LBNL will deploy at least 200 additional meters leading to a building total of 300 meters installed. Depending on available resources up to 500 total meters may be installed. A 300 device sample will provide the most comprehensive, long term metering study of CMELs in a commercial office building. We will collect data through the end of this project and include analysis of several months of data in the final report. We plan to leave the meters installed and collecting data after the project’s conclusion because the cost for leaving the meters installed is minimal because data collection is automatic. When funding is available, we will analyze the resulting data to provide the recommended longer term view of the data. 
4.4 Retail Store (Walmart)
NREL has nearly completed the metering effort in Walmart, and a significant effort has already occurred on the data analysis front. We plan to wrap up this effort and provide more detailed analysis of the collected data.
4.5 Commercial Food Service (The Bistro)
PNNL plans to continue metering in the Bistro and provide more detailed data analysis for the final report…
4.6 Warehouse
PNNL plans to continue metering in the warehouse and provide more detailed data analysis for the final report…
4.7 Lodging 
PNNL plans to continue metering in the guest house and provide more detailed data analysis for the final report…
4.8 Hospital
LBNL plans expand the metering effort in the hospital to include power traces of equipment in use for training purposes. These data combined with the spot metered data and interviews with equipment users will be used to generate an estimate of the CMELs energy for this facility. Part of this effort requires an improved mapping of the available equipment inventories with the device taxonomy and the spot metered data. The other key component is gathering usage information from equipment users in the hospital. 
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