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Executive Summary

The intent of this user guide is to provide a brief description of the functionality of the Energy
Charting and Metrics (ECAM) tool, including the expanded building re-tuning functionality
developed for Pacific Northwest National laboratory (PNNL). This document describes the
tool’s general functions and features, and offers detailed instructions for PNNL building re-
tuning charts, a feature in ECAM intended to help building owners and operators look at trend
data (recommended 15-minute time intervals) in a series of charts (both time series and scatter)
to analyze air-handler, zone, and central plant information gathered from a building automation
system (BAS).
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1.0 Introduction

The Energy Charting and Metrics (ECAM) tool is intended to facilitate the examination of the
utility interval data and the trend data from the building automation system (BAS). In addition to
being easy-to-use, this tool is also flexible. Key features of ECAM include:

e Pre-processing of data to attach schedule and day-type information to time-series
data;

o Filtering data by day-type, occupancy schedule, binned weather data, month/year,
pre/post, etc.;

e Normalization of data based on user-entered information;

e Creation of standard charts for the points selected by the user;

e Calculation of normalized metrics for the points selected by the user; and

e Creation of standard building re-tuning charts using trend data from the BAS.

The user’s original data is not modified in the process of using ECAM, but is copied into a new
workbook automatically. The tool makes extensive use of Excel® PivotTables to facilitate
summarization and filtering of the data. It goes beyond normal PivotTables and PivotCharts,
however, by automating the creation of scatter charts based on PivotTable data.

This document describes the tool’s general functions and features, and offers detailed
instructions for PNNL building re-tuning charts, a feature in ECAM intended to help building
owners and operators look at trend data (recommended 15-minute time intervals) in a series of
charts (both time series and scatter) to analyze air-handler, zone, and central plant information
gathered using a BAS.

1.1 Quick Start

This tool was developed using Microsoft Excel™ 2007 and 2010, and has had limited testing to
confirm that it is functional with Excel 2003. There are some charts, however, that will only
work with Excel 2007/2010.

ECAM requires continuous, uniform interval data. Change-of-value data, or data with different
parameters stored at different time intervals, must be pre-processed before using it with ECAM.
The basic charting of data will work with non-uniform timestamps, but if there are multiple
points from the BAS, all with different timestamps, then some pre-processing must be done.
One tool designed to assist and automate such pre-processing is the Universal Translator (UT),
available at www.utonline.org. The UT is a program that assists in processing and merging data
that has non-uniform time intervals or data that are stored in multiple files. The UT interpolates
data that is not uniform to form a uniform data series. The user guide that describes how to
merge data with UT can be found at http://www.pnl.gov/buildingretuning/ecam.stm.



http://www.utonline.org/
http://www.pnl.gov/buildingretuning/ecam.stm

1.2 Installation

ECAM is an Excel Add-In. First, download the add-in file, and save the tool file in your chosen
location. Please note that Microsoft Add-Ins are installed, by default, in a common location,
such as “Documents and Settings” folder. It can, however, be saved to any location.

To install the application, open Excel and perform the following steps:

Excel 2003:
Go to Tools, Add-Ins, and Browse to the location where the file was saved. Select the

filename, and click OK. “ECAM” will be in the list of Add-Ins. There will also be a
Menu called ECAM in the Excel Toolbar.

Excel 2007/2010:

Click on the Office Button, and then click “Excel Options.” Click on “Add-Ins” on the
left side of the window. At the bottom of the subsequent window, make sure that “Excel
Add-Ins” is visible in the drop-down next to “Manage.” Click the adjacent “Go...”
button. Then Browse to the location where the file was saved. Select the filename, and
click OK. “ECAM” will be in the list of Add-Ins. An ECAM menu will be available
under the Add-Ins menu.



1.3 Using the Tool to Create Metrics and Charts

Here are the top-level items in the ™ 9 | =
ECAM menu ( Figure ’
ome

l)' Insert Page Layout Farmulas

e Select Data
e Definition of Points
e Create Schedules

e Input Dates for Comparison of Pre

ECAM -
Select Data
Definition of Points

+
=
B Create Schedules

and Post Input Dates for Comparison of Pre and Post
e Time Series Charts Time Series Charts
e Load Profile as Box Plots il Load Profile as Box Plots (Excel 2007/10)
e Scatter Charts Scatter Charts
e Load Duration Chart L R
Lﬁﬂ_ Load Dwuration Chart (Point Frequency Distribution)
e Chart to Check Input Schedule
e Matrix Charts —jl Chart to Check Input Schedule (Excel 200710
e Metrics for Points Normalized Matrix Charts
per Sq Foot lE ketrics for Points Marmalized per 5q. Foot

Create Other Metrics
Data Summaries
PNNL Re-Tuning

Create Other Metrics
Data Summaries

PRML Be-Tuning

ECAM Utilities
ECAM Help ECAM Utilities
About ECAM %  ECAM Help

= About ECAM

Figure 1: ECAM top-level items.

The first four items in the menu should be used in order, but all four items aren’t required to be
used to get useful information. To use the PNNL re-tuning feature, however, the “Definition of
Points” feature must be used to define points (the process is explained later in the guide).
Otherwise, only the “Select Data” menu item is required; the others are optional as described in
detail below. Defining points not only maps the point names to common names “understood” by
ECAM, but also adds additional calculated points.

A brief description of the functions of the first four menu items follows:

e Select Data—Select the data range (range of cells) to be included in the analysis,
using either the mouse or the keyboard.

e Definition of Points—Map (correlate) the point names in the user’s data to standard
point names recognized by the tool.

e Create Schedules—Enter the operating schedule applicable to the building or
equipment, using the input forms included.



e Input Dates for Comparison of Pre and Post—If there is an energy project to be
evaluated, input the date when the energy project started and the date it was
completed.

Everything after “Select Data” is optional, but issues may arise depending upon what subsequent
menu item(s) are used. For example, if the user does not enter a schedule, but does create
metrics, then the fields for metrics that are dependent upon occupancy will show “NA.”
Similarly, if data for comparison of “pre” and “post” is not input before trying to create a “load
profile by date range,” the chart will only show a single line with a series name of “(blank).”
Other complications may also exist, although not all of the tool’s capabilities have been
exhaustively tested without using all of the first four menu items.

When using the application to create metrics and charts, the workbook created by the tool must
be the active (visible) workbook. Using the metrics and charts menu items (steps 5 to 8 above)
will add new worksheets to the active workbook. Repeated use of the same or related menu items
will overwrite prior work because the worksheet names are not changed. To avoid losing work,
the user should change the names of any tool-created worksheets that they wish to save, prior to
creating a related metric or chart. This is especially important if any new formulas or
customization has been added.

When creating metrics or charts, select just the point name(s) to be included; do not select the
data.

1.3.1 Tool Notes

All Excel® formatting and other customization options should be available. Scatter charts
require that the point name to be used for the independent value (to be placed on the X-axis) be
selected first. Do not drag the mouse or use the “Shift” key to select subsequent point names.
Use the “Ctrl” key to select the second and subsequent point names for the dependent values.

Important: Do not enter any data or information in the cells directly below the PivotTables.



2.0 Menu Items for Preprocessing of Data

As mentioned above, ECAM cannot generate useful charts from data that has non-uniform or
multiple timestamps. There is one menu item that is for preprocessing in ECAM, but this is only
to take the data and convert it to a form that ECAM recognizes. ECAM will recognize raw data
files in Excel as either in “*.csv” or “*.xIs”, “*.xIsx” (for 2010 users). So before continuing,
make sure the raw data file is in one of these formats.

2.1 Select Data

This menu item asks the user to select the data to be processed. The data must be continuous
(i.e., there should not be any completely blank rows or columns). If there are blank rows or
columns, remove them from the raw data file before continuing. Also, if there are sections of
data that are missing, try removing all associated data for that range of timestamps until the data
is continuous.  Figure 2 below is a “*.csv” raw data file, ready for the following steps:

Step 1: Choose “Select Data” from the ECAM menu

9 - |= AHUL.csv - |
Home Insert Page Layout Formulas Data Review Wiew Developer Add-Ins
ECAM =
I3 selectData
i3] Definition of Points
@ Create Schedules
E Input Dates for Comparison of Pre and Post
Time Series Charts » P E F G H |
[ﬁ;ﬁ Load Profile as Box Plots (Excel 2007/10] MP RESET AH1VFD SPD Fan Speed RAT SA Duct Pressure SA Temp
55 59 0.59 58 1] 60
Seatter Charts 55 60 0.6 58 0 60
,_mﬂ_ Load Duration Chart (Point Frequency Distribution] 55 59 0.59 57 1 60
[} Chartto Check Input Schedule (Excel 2007/10) 35 60 0.6 57 0 60
Matrix Charts 55 59 0.9 57 1 60
55 60 0.6 57 1] 60
% Metrics for Points Mormalized per 5g. Foot 55 50 0.6 57 1 61
Create Other Metrics 4 55 59 0.59 58 o 61
Data Summaries d 55 60 0.6 58 1 61
PNNL Re-Tuning , 55 59 0.59 58 1] 60
X . 55 60 0.6 58 1 60
ECAM Utilities 55 &0 0.6 58 0 61
¥ ECAM Help 55 61 0.61 58 0 62
=] About ECAM 55 61 0.61 62 o 61

Figure 2: Select data from the raw data sheet.

After choosing “Select Data,” ECAM will bring up a window that asks if the timestamp is in one
column or two columns (Figure 3). ECAM will recognize different date/time formats, and it can
all be in one column, or the date can be in the first column and the time in the second column.
Note that if you have two columns for the timestamp, ECAM only will recognize the date in the
first and time in the second.



Step 2: Select the correct timestamp format
Time Stamp Definition §|

Are the Time Stamps in 1 column or 2 columns?

(IF 2 columns, it is assumed that the Date is in the
first column and the time is in the second column)

* One Colurnn ™ Twa Cn:nlumns}

Ik

Figure 3: ECAM's timestamp definition window.

After selecting the appropriate timestamp definition from Figure 3, ECAM will then ask you to
select the range of cells that contains the data (Figure 4 below). This can be accomplished in the
following manner:
e When prompted, select the first (upper-left) cell in the data.
e Hold down the “Ctr]” and “Shift” keys, and hit the “right” arrow and then the “down”
arrow. This should highlight all of the data in the workbook.
e Click “OK.”

Step 3: Select the range of cells that contain the data
Input the Data Range §|

Select the range of cells with wour data.

You should select the Full range (both rows and
columns), including the headers (Point Mames), and all
the records (time stamps) you wank ko include.

The Paint Mames will be assumed ko be in the First row af
the selected range.

| J Ok

Figure 4: Selecting the range of cells that contain data in ECAM.

If there are timestamps or data that needs to be excluded, then you can also select the data
manually by clicking on the first (upper-left) cell and holding down the mouse key while
dragging the mouse to the desired cell. You can also manually type the data range of interest
into the field in Figure 4.

The last window that ECAM will show before further analysis and processing is the ambient
temperature window. Here, you will be asked if the ambient temperature data is included



(outdoor-air temperature data, or OAT). If so, you can click anywhere in that column and
ECAM will recognize it (Figure 5). If it is not included, select “No” and ECAM will omit it.

Step 4: Select whether ambient temperature data is included

Ambient Temperature @|

Iz Ambient Temperature data included?

(% ves ™ Mo

‘Which column has the Ambient Temperatures?

alDatal$Fsl] - ok

Figure 5: Selecting if the ambient temperature data is included in ECAM.

Once these four steps are complete, ECAM will generate a new workbook with data that is
recognized by the program. ECAM will create many new columns, and bring in the raw data as
well (See  Figure 6 below).

Bookl - Microsoft Excel
[t Pagelayout  Formulas  Data  Review  View  Developer  AddIns
fe
= D E F G H [} ] K L M N o P Q R s T u
DateTime Year Month MonthYr Day Hour Date Time ‘WeekdayNum Weekday Daytype Holiday DaySchedule Occupancy 1degBin SdegBin TempRng DateRng OAT

1/10/11 1:45 PM 2011 January Jan2011 10 13 1/10/2011 1:45PM 1 Monday Weekday No 18 17.5 under 55 17.6
1/10/11 2:00 PM 2011 January Jan2011 10 14 1/10/2011 2:00 PM 1 Monday Weekday No 18 17.5 under 55 17.6
1/10/11 2:15PM 2011 January Jan2011 10 14 1/10/2011 2:15PM 1 Monday Weekday No 18 17.5 under 55 17.6
1/10/11 2:30 PM 2011 January Jan2011 10 14 1/10/2011 2:30 PM 1 Monday Weekday No 18 17.5 under 55 17.6
1/10/11 2:45PM 2011 January Jan2011 10 14 1/10/2011 2:45PM 1 Monday Weekday No 18 17.5 under 55 17.6
1/10/11 3:00 PM 2011 January Jan2011 10 15 1/10/2011 3:00 PM 1 Monday Weekday No 14 12.5 under 55 14.48
1/10/11 3:15PM 2011 January Jan2011 10 15 1/10/2011 3:15PM 1 Monday Weekday No 14 12.5 under 55 14
1/10/11 3:30 PM 2011 January Jan2011 10 15 1/10/2011 3:30 PM 1 Monday weekday No 14 12.5 under 55 14
1/10/11 3:45 PM 2011 January Jan2011 10 15 1/10/2011 3:45PM 1 Monday Weekday No 14 12.5 under 55 14
1/10/114:00 PM 2011 January Jan2011 10 16 1/10/2011 4:00PM 1 Monday Weekday No 12 12.5 under 55 12.44
1/10/114:15PM 2011 January Jan2011 10 16 1/10/2011 4:15PM 1 Monday Weekday No 12 12.5 under 55 12.2
1/10/114:30 PM 2011 January Jan2011 10 16 1/10/2011 4:30 PM 1 Monday Weekday No 12 12.5 under 55 12.2
1/10/114:45PM 2011 January Jan2011 10 16 1/10/2011 4:45PM 1 Monday weekday No 12 12.5 under 55 12.2
1/10/115:00 PM 2011 January Jan2011 10 17 1/10/2011 5:00 PM 1 Monday Weekday No 10 12.5 under 55 10.4
1/10/11 51588 2011 lanuary 1an2011 10 17 1/10/2011  S-15DM 1 Monda Weelkday No z Z5 underss

Figure 6: New ECAM workbook generated after completing the first menu item, “Select Data

You can see that several columns are created by ECAM, and some of them are blank. The blank
columns (DaySchedule, Occupancy, and DateRng) will remain blank unless items 3 and 4 in the
ECAM dropdown menu are executed (“Create Schedules” and “Input Date Ranges for
Comparison of Pre and Post”). These are not required, but allow for more charts to be generated,
which will be discussed later. You can see that ECAM defaults the workbook to start in cell
“C6,” which will always be the case, and that the OAT (if defined), will always start in cell
“U6.” All other raw data will appear to the right of column U.



2.2 Definition of Points

This menu item is required to utilize the PNNL building re-tuning capability. This process takes
all of the raw data points from the BAS system and “maps” them so that ECAM can recognize
what they are. This mapping feature enables normalizations, calculated points, and certain
metrics and charts to be created automatically. The first window that comes up asks for some
basic building information (i.e. building area and voltage for three-phase equipment). If you
know this information, ECAM will normalize data and metrics by square foot, but if you do not
know this, just leave the default values of 100,000 sf and 480 Volts and select “OK” (' Figure 7).

Step 1: Choose “Definition of Points” from the ECAM menu
Step 2: Input the building area and voltage for three-phase equipment (if known)

Building Information @

what is the building area?

100,000] sg. feet

what is the Yoltage for
I-phase equipment?

480 Valts

-

Figure 7: Entering building information in ECAM's “Definition of Points” menu item.

After selecting “OK,” a new window will come up where the user defines or “maps” the points
(see  Figure 8 below). The first part of the window will have the “Points List” and “Mapped
Points.” The “Mapped Points” will be empty at the beginning, and fill as the user maps different
points. The “Points List” will correspond to the point names that were in the user’s raw data file.

Step 3: Define or “map” the points

Define Data by System, Equipment, and Measurement =]
Subsystem Component
Points List Mapped Points Subsystems C ts ts Help
Bldg
AH10SA DMPR Meters
AH1 SA TEMP RESET Codling Plant i
AH1 VFD SPD Heating Plant e
Fan Speed CHW Distribution
RAT HW Distribution
SA Duct Pressure Cancel
SATemp
comn - 2] [T

Figure 8: ECAM's Definition of Points window.

When this window first comes up, the user will see that the only columns that have anything in
them are the “Points List” and the “Subsystems.” The user will have to click on a different



“subsystem” that is defaulted to refresh the “Subsystem Components” window (see
below). Each “subsystem” in ECAM will have specific “subsystem components” and
“component measurements” that belong to the “subsystem.” The tool point names are based on
the naming convention in A Specifications Guide for Performance Monitoring Systems.

Figure 9

Define Data by System, Equipment, and Measurement =
Subsystem Component

Points List Mapped Points Subsystems Ci ts Help
OAT Bldg Chilled_Water
AH10SA DMPR Meters Pump_CHW_Sec
AH1SA TEMP RESET Cooling Plant i
AH1VFD SPD Heating Plant Map Point
Fan Speed CHW Distribution
RAT HW Distribution
SA Duct Pressure AHU Cancel
SA Temp Zone

Comp. TD: i‘ [1 Done >

Figure 9: Refreshing the “Subsystems” to bring up the proper components.

Now the user is ready to map all of the points from the BAS into ECAM. If OAT data was
included in the raw data, then it will get mapped under the “Bldg Subsystem.” First, find and
click on the outdoor-air temperature in the “Points List” (In this case, it is OAT, but can be
something different from your BAS system). Then, under “Subsystem Components,” click on
the “Ambient” option, and under the “Component Measurements,” select the “Bldg TempOa”
option and click “Map Point” on the right hand side of the window. If done correctly, you will
see something similar to  Figure 10, where the Mapped Points now has “Bldgl TempOa.”

Define Data by System, Equipment, and Measurement

H

Subsystem ‘Component
C

Points List

Mapped Points Subsystems
Bldg1 TempOa

AH1 0SA DMPR Meters
AH1 SA TEMP RESET Cooling Plant
AH1VFD 5PD Heating Plant
Fan Speed CHW Distribution
RAT HW Distribution
SA Duct Pressure AHU

Zone

Comp. TD: é‘ [1

Figure 10: “Definition of Points” window after successfully "mapping" the outdoor-air temperature.

This approach should be used for each applicable point in the “Points List.” If there are points
that you do not want to map, then simply omit them. Any number of points can be mapped at
one given time, and modified later to include other plots. ECAM also has the ability to map
more than one AHU, zone, or chiller/boiler at a time. This is done by using the “Comp.ID”
feature at the bottom of  Figure 10. It is defaulted to “1”, or the first “Subsystem Component.”
That is why a “1” appears in all “Mapped Point” names. However, if you have six AHUs and
want to map all of them, then you would increase the “Comp.ID” for each air-handler. The
corresponding “Comp.ID” number will then appear in the “Mapped Points” name.

Once all points have been mapped, some normalized and calculated points will be created and
added to the points list automatically in the new workbook (these will be additional columns that
appear after all of the user points). Some examples include:

e All kW points will automatically have a normalized point added as Watts per square
foot (W _perSF).


http://cbs.lbl.gov/performance-monitoring/specifications/

e All CFM points will automatically have a normalized point added as cfm per square
foot (cfm_perSF).

e If aset of chilled water temperatures and the associated flow are available, the
cooling capacity (tons) of that chiller or chilled water loop will be calculated.

Table 1 below offers a detailed list of the additional points created by ECAM.

Table 1: Additional points created by ECAM after mapping all points.

Point Type Normalized or calculated point
kw Watts per square foot (W_perSF)
kw Equipment status (only if a status point is not available)

>3% of max= “On”
<=3% of max= “Off”

Amps Equipment status (only if a status point is not available,
and KW is not available)

>3% of max= “On”

<=3% of max= “Oft”

CFM cfm per square foot (cfm_perSF)
gpm, Tin, Tout Cooling capacity (tons)

kW, tons kW _perTon

gpm, tons gpm_perTon

2.3 Create Schedules

This is the third item in the ECAM drop down menu, and it is optional. If the operating schedule
of the building is known, it should be input, as there are some powerful scatter plots in ECAM
that can show a comparison of occupied and unoccupied electricity consumption. However, if
no schedule is input, then the daytype will always be assumed to be occupied “Occ.” To create a
schedule that has a 24-hour operation schedule, select 12:00 AM as the start time and 11:59 PM
stop time. To create a schedule that is always unoccupied “Unocc,” select 12:00 AM as the start
time and 12:00 AM as the stop time. When selecting the option from the drop down menu, the
window seenin  Figure 11 will appear. Under “Schedule Name,” there are 10 different
schedule options. This gives the user the ability to have 10 different types of schedules. The
user should re-name the schedule to identify what type of day it corresponds to. For example, if
the building had an occupancy schedule of Monday through Friday 8:00 AM to 5:00 PM,
Saturday 10:00 AM to 3:00 PM, closed on Sundays and Holidays, then the user should set up
three different schedules. The first one would be named something like “Weekdays,” or “Mon-
Fri.” This will help the user identify what schedule corresponds to which day, in case changes
need to be made in the future. The “Main Occupancy” should be specified to match that of the
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building occupancy for each daytype (Mon-Fri, etc.). The “Typical Startup/Shutdown” options
will only be used if there is a clearly defined building warm-up/shut-down time. If unknown,
just leave the defaulted values of 12:00 PM. Figure 11 shows what the window may look like
filled in for the scenario described above.

Input Schedule Infermation @
annual Schedule | Week Schedules  Day Schedules ]
Tab 10f 3
Main Occupancy Typical Startup/Shutdown
Schedule Name Start Stop Start Stop
| Mon-Fri | 8:00 AM j | 5:00 PM j | 12:00 PM j | 12:00 PM j
| Saturday | 10:00 .-'-\Mj | 3:00 PM j | 12:00 PM j | 12:00 PM j
| Sundays/Holidays | 12:00 AM j | 12:00 AM j | 12:00 PM j | 12:00 PM j
| DaySchedule4 | 12:00 AM j | 11:53 PM j | 12:00 PM j | 12:00 PM j
| DaySchedule5 | 12:00 AM j | 11:5 PM j | 12:00 PM j | 12:00 PM j
| DaySchedules | 12:00 AM j | 11:59 PM j | 12:00 PM j | 12:00 PM j
| DaySchedule? | 12:00 AM j | 11:53 PM j | 12:00 PM j | 12:00 PM j
| DaySchedules | 12:00 AM j | 11:5 PM j | 12:00 PM j | 12:00 PM j
| DayScheduled | 12:00 AM j | 11:59 PM j | 12:00 PM j | 12:00 PM j
| DaySchedule 10 | 12:00 AM j | 11:53 PM j | 12:00 PM j | 12:00 PM j
On this, the first scheduling tab, you can create Day Schedules for up to 10 different daytypes. The Startup
times will only be used if they are earlier than the start of occupancy, and shutdown times will only be used if Week Schedules
they are later than the end of occupancy.  Since the default startupfshutdown times are noon, they will typically
not be used unless changed. You can name the schedules whatever you like.

Figure 11: First window for inputting the building schedule information.

Once the information is entered correctly for the building schedule, select the “Week Schedules”
button at the bottom right of the window. This will bring up a new window that will allow you
to select the schedule type for each day of the week specifically. The “Schedule Name” button
have five drop down options: All Year, Quarter A, Quarter B, Quarter C, and Quarter D, along
with five “Sch.#” options. This allows the user to input multiple schedules based on the time of
the year. For this exercise, we will select the “All Year” option and then choose the appropriate
schedule for each day of the week (See  Figure 12). You will see the name of the daytype
schedule that you input in the previous window now appears by each day in the schedule. If you
have multiple schedules you want to input, select the “Next Week Sched,” otherwise select the
“Annual Schedule” button. The third and final window that comes up for scheduling is for the
“Annual Schedule.” The annual schedule is defaulted to January 1%, but the user can choose the
ending month and day for each schedule they have input in the previous screens. For this
example, we will choose the entire year for the schedule and click “OK” (see Figure 13 below).
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Input Schedule Information

Annual Schedule  Week Schedules lDay Schedules |

Tab 20f 3
Schedule Name Sch. #
All Year j | 1 ﬂ
Monday: | Mon-Fri
Tuesday: | Mon-Fri

Wednesday: | Mon-Fri

Led Lol Lol Lef Lef Lef Lol Lol

Thursday: | Mon-Fri
Friday: | Mon-Fri
Saturday: | Saturday
Sunday: | sundays/Holidays|
Holiday: | Sundays/Holidays

On this tab you can create up to 5 different week schedules. You can name the schedules whatever you like.
Create one Week Schedule, then dick Text Week Sched” to create another, if necessary. After creating the Week

Schedules, dick the button for "annual Schedule.”

Annual Schedule

Mext Week Sched

Figure 12: Inputting week schedules in the scheduling option for ECAM.

Input Schedule Information

Annual Schedule | yeek Schedules | Day Schedules |
Tab 3of 3

Starting Ending Ending
Date Month Day Week Schedule
1 | | December v| [ 31 =] [ alvear

2 I I =1

=

= I I =] |

=1

& I I =1

=11

= I I =l

=1

The Annual Schedule tab is used to define what portions of the year are covered by the various Week Schedules.

This is the last scheduling tab.

KN K K K0 O

Figure 13: Inputting annual schedules in ECAM.
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After selecting “OK.,” we will see the updated workbook with the schedule input. Comparing
Figure 6 to Figure 14 below, the user will now see that the “DaySchedule” and “Occupancy”
columns are filled in based on their building’s schedule that they input.

Bookl - Microsoft Excel
ft  Pagelayout  Formulas  Data  Review  View  Developer | AddIns
F
C D E F G H 1 i) K L M N o P (o] R S T u
QAT

DateTime Year Month MonthYr Day Hour Date Time WeekdayNum Weekday Daytype Holiday DaySchedule Occupancy 1degBin 5degBin TempRng DateRng Bldgl Ter
1/10/111:45 PM 2011 January Jan2011 10 13 1/10/2011 1:45PM 1 Monday Weekday No Mon-Fri QOcc 18 17.5 under 55 17.6
1/10/112:00 PM 2011 January Jan2011 10 14 1/10/2011 2:00 PM 1 Monday Weekday No Mon-Fri QOcc 18 17.5 under 55 17.6
1/10/112:15PM 2011 January Jan2011 10 14 1/10/2011 2:15PM 1 Monday Weekday No Mon-Fri QOcc 18 17.5 under 55 17.6
1/10/112:30 PM 2011 January Jan2011 10 14 1/10/2011 2:30PM 1 Monday Weekday No Mon-Fri QOcc 18 17.5 under 55 17.6
1/10/112:45 PM 2011 January Jan2011 10 14 1/10/2011 2:45PM 1 Monday Weekday No Mon-Fri QOcc 18 17.5 under 55 17.6
1/10/113:00 PM 2011 January Jan2011 10 15 1/10/2011 3:00PM 1 Monday Weekday No Mon-Fri QOcc 14 12.5 under55 14.48
1/10/113:15PM 2011 January Jan2011 10 15 1/10/2011 3:15PM 1 Monday Weekday No Mon-Fri QOcc 14 12.5 under 55 14
1/10/113:30 PM 2011 January Jan2011 10 15 1/10/2011 3:30PM 1 Monday Weekday No Mon-Fri QOcc 14 12.5 under55 14
1/10/113:45PM 2011 January Jan2011 10 15 1/10/2011 3:45PM 1 Monday Weekday No Mon-Fri Oce 14 12.5 under55 14
1/10/114:00 PM 2011 January Jan2011 10 16 1/10/2011 4:00 PM 1 Monday Weekday No Mon-Fri Occ 12 12.5 under 55 12.44
1/10/114:15 PM 2011 January Jan2011 10 16 1/10/2011 4:15PM 1 Monday Weekday No Mon-Fri Occ 12 12.5 under 55 12.2
1/10/114:30 PM 2011 January Jan2011 10 16 1/10/2011 4:30 PM 1 Monday Weekday No Mon-Fri Occ 12 12.5 under 55 12.2
1/10/114:45 PM 2011 January Jan2011 10 16 1/10/2011 4:45PM 1 Monday Weekday No Mon-Fri Occ 12 12.5 under 55 12.2
a3 1 . a2 22 afagianas o fiood lecdow a1 P PP

Figure 14 Updated EéAM Workboncn)nk with t;uilding scheduleﬂ input and point1s m;alpp:ed:.

2.4 Input Dates for Comparison of Pre and Post

The fourth item in the ECAM drop down menu is also optional, and gives the user the ability to
input two sets of dates for monitoring changes that were made to the system at any time. They
can enter a date when an energy project (retrofit or re-tuning) was started (Figure 15), and the
date when it was completed ( Figure 16). ECAM will then have information filled in under the
column “DateRng” in  Figure 14 to use for categorization and filtering of the data.

Enter a date

Enter the dake your energy project skarted, iF any,

IIse a Format like mmdd e, Cancel

Figure 15: Entering a start date for an energy project.
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Enter a date

Enter the date wour energy project was completed, if
arvy,

Ok

=g a Format like mm dd e

Cancel

X

Figure 16: Entering an end date for an energy project.
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3.0 Menu Items to Create Time Series Charts

The first four drop down menu items in ECAM are to prepare and organize the data for analysis.
The fifth item, “Time-Series Charts,” has a number of charts that are created based on different
options in ECAM ( Figure 17). All of these charts, with the exception of the “Point(s) History
Chart,” are used to create load profiles if whole building electricity consumption data is
available. This user guide will briefly describe each chart, but it is recommended that users refer
to “Interval Data Analysis with the Energy Charting and Metrics Tool (ECAM)” at
http://www.pnl.gov/buildingretuning/ecam.stm for detailed instructions on how to create and
analyze the charts in this section.

X
Home Insert Page Layout Formulas Data Review View Developer Add-Ins
ECAM -
"" +  Select Data
i Definition of Points
|| &  Create Schedules
ﬁ Input Dates for Comparison of Pre and Post
Time Series Charts | fl  Pointis) History Chart
Lﬁ;ﬁ_ Load Profile as Box Plots (Excel 2007,/10) ,'.1:,.; Load Profile by Daytype J
Scatter Charts b "a',.* Load Profile by Month-Year
il Load Duration Chart (Paint Frequency Distribution] fi¢  Load Prafile by Date Range (Ere/Post)
= My Load Profile by Year
Haw Chart to Check Input Schedule (Excel 2007/10] .
M Load Profile by Day
g i - | X} -
Matrix Charts #y  Create 3d Load Profile Time
B Metrics for Points Normalized per 5. Foot #  Create Energy Colors (surface chart] 106 12:15 AM
Create Other Metrics + ,3:_( Load Profile Calendar 106 12:30 AM
Data Summaries b lnuary Jan 2006 1 0 1/1/2006 12:45 AM
PMML Re-Tuning , uary Jan 2006 1 1 1/1/2006 1:00 AM
nuary Jan 2006 1 1 1/1/2006 1:15 AM
ECAM Utilities ¥ a7
- nuary Jan 2006 1 1 17172006 1:30 AM
% ECAM Help nuary Jan 2006 1 1 1/1/2006 1:45 AM
= About ECAM nuary Jan2006 1 2 1/1/2006  2:00 AM

Figure 17: Time series charts in ECAM.

3.1 Point(s) History Chart

This menu item creates a typical line chart, initially showing the data history for all the points
selected by the user. The chart can be modified to show different time periods by selecting
individual days in the left column of the data PivotTable, or using the PivotTable filters. The
chart scales adjust appropriately. The day of the week is included in the time axis labels to aid in
understanding. Depending on the version of Excel the user has, the more timestamps will be
included in the PivotTable or chart. To create this chart, click the Point(s) History Chart Option
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in the ECAM drop down menu. ECAM will then bring up a window asking the name(s) of the
point(s) you want to include, as in  Figure 18 below. For this chart, you can choose any point(s)
of interest, and the key in choosing the data is that you have to only click on the header of the
column and then click “OK.” In  Figure 19 below, the most recent whole building
consumption data is shown; up to the maximum number of timestamps (at least 32,000
timestamps can always be shown regardless of the version of Excel).

Point Selection

Select the name(s) of the point(s) you want to indude
in the Metrics or Chart.

[ = oK

Figure 18: Point selection for time series charts in ECAM.

1400.00

1200.00

1000.00

800.00

600.00

400.00

200.00

Avg ElecMtri_kW

0.00

Sat, 7172006
Sun, BI20r2006
Maon, 1Y 2006
Thu, 318/2007

Tue, 111282006
Wed, 141772007

Figure 19: Whole building consumption point history chart in ECAM.

This plot shows the time series of the whole building consumption for an entire year. Now,
utilizing ECAM’s PivotTable features, the user can select a specific month from the drop down
menu shown in  Figure 20 to get the whole building consumption for only the month of August.
This is accomplished by clicking the drop down menu for “MonthYT,” clicking “Aug 2006,” and
then “OK.” Figure 21 shows the results.
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= XH9-®-|= ECAM Meter Filexlsm - Microsoft Excel

ks olﬂu Home Insert Page Layout Formulas Data Review View Developer Add-Ins

- ECAM ~
ace
bt -
o Menu Commands
=] us2 - 5|
- A B c D E F G H 1 J K L M
1400.00
1200.00
1
2
1000.00
3
4
5 800.00
6
L 2 60000
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9 E
10 E 40000
11 &
= 2 20000
13 3
14 Year (Al 0.00
15 Month (al1) [-] S 2 g g 5 5
2 2 2 2 3 =
16 MonthYr (al) [] g g g g 8 S
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13 (Al w0 (% E g- g =
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0| | -MEEDE
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26 Avg ElecMtrl_kw
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31| | [[] select Multiple tems 302.40
32 303.48
Cancel
- B

Figure 20: Using the PivotTable functions in ECAM.
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Figure 21: Point history chart for only one month of data.
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The user can go even further, and dial down to a group of days within the month, or 1 day
specifically, by clicking on the drop down menu under “Day” and selecting one day or multiple
days. To select multiple days, click the “Select Multiple Items” box at the bottom of the drop
down, and then choose the days of interest. Figure 22 shows a 3-day period in May.

1200.00

1000.00

800.00

600.00

400.00

200.00

Avg Elechtri_kWW

0.00

Thu, B/3/06 12:00 AM
Thu, B/3/06 12:00 PM
Fri, & 4/06 12:00 AM
Fri, & 4/06 12:00 PM
Sat, &'&/06 12:00 AM
Sat, &'&/06 12:00 PM

Figure 22: Point history chart for a 3-day period on May.

One thing to note is that point names are prefixed with “Avg.” However, this is just a consistent
behavior with the ECAM charts that do use averages, such as the chart described in the next
section. The Point(s) History Chart uses raw data, not averages. The user can modify the axis
labels as they feel necessary.

3.2 Load Profile by Daytype

This menu item creates a line chart with four lines; the average load profiles for each of four
Daytypes: Weekday, Saturday, Sunday, and Holiday. Generating this chart is the same as what
is described at the beginning of Section 3.1 for the Point(s) History Chart.  Figure 23 shows a
typical “Load Profile by Daytype” chart.
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Figure 23: Load profile by daytype time series chart in ECAM.

3.3 Load Profile by Month-Year

This creates a chart showing the average load profile for each month in the data set. Months
with incomplete data are included. Figure 24 shows a typical “Load Profile by Month Year”
chart.
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= e Apr 2006
§ 500 e May 2006
w e JUN 2006
2 400 e JUl 2006
< 300 e AUg 2006
Sep 2006
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Figure 24: Load profile by month-year time series chart in ECAM.
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3.4 Load Profile by Date Range (Pre/Post)

This chart is only useful if the user entered dates for an energy project, as described in Section
2.4. If so, the chart will display three lines; one for the average load profile before the energy
project started, one for the average load profile during the energy project, and one for the average
load profile after the project was completed.  Figure 25 below shows an example of this chart.
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o
o

a
o
o

e After 1-24-07
400

o ~——— e Before 11-15-06

Avg ElecMtr1_kw

300 During Changes

200

100

= = = = = = = = = = = =
<< << < < < << a o [N [N o o
o o o o o o o o o o o o
o o o o o =} =} o o o o =}
N N < © -} o N N < © -} o
— — — —

Figure 25: Load profile by date range (pre/post) time series chart in ECAM.

3.5 Load Profile by Year

If there is a full year of data, or multiple years of data, the “Load Profile by Year” plot will show
the average load profiles for the years in the data set as in  Figure 26.
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Figure 26: Load profile by year time series chart in ECAM.
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3.6 Load Profile by Day

This menu item requires a second step to get a meaningful chart. Selecting this item creates a
line chart with up to 31 lines (one for each day of the month). Each line is the average for a day
number (e.g., day number 10 is the 10" day of the month) for all of the months in the data set.
By itself, this chart is not very meaningful. However, from this chart, you must specify a
specific MonthYr using the PivotTable filter field drop downs.  Figure 27 shows a plot of the
“Load Profile by Day” for a single month.

Note: Making this Month or MonthY' selection is a prerequisite for creating the last three
types of Load Profiles under the Time Series Charts option of ECAM; Create 3D Load
Profile, Create Energy Colors (surface chart), and Load Profile Calendar.
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Figure 27: Load profile by day time series chart in ECAM for one month.

3.6.1 Create 3D Load Profile

Once the “Load Profile by Day” has been completed, and a specific month chosen, the “3D Load

Profile” can be created. This chart must be generated while you are in the current sheet with the

“Load Profile by Day” chart. Selecting this option will convert the months” worth of daily load

profiles to a three-dimensional chart, with the Weekdays and Weekends separated by color. See
Figure 28 below for a typical “3D Load Profile” chart.
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Figure 28: 3D load profile time series chart in ECAM.

3.6.2 Create Energy Colors (surface chart)

Similarly to the creation of the “3D Load Profile” chart, a surface chart can be created from a
specific month within the “Load Profile by Day” chart. This function will convert a month’s
worth of daily load profiles to a surface (contour) chart, with the values shown by color. This is
illustrated in Figure 29 below.
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Figure 29: Energy density (surface chart) created from the “Load Profile by Day” chart in ECAM.

3.6.3 Load Profile Calendar

As with the previous two items, the “Load Profile by Day” chart must be completed before using
this item, and a single month of data must be selected. The “Load Profile Calendar” will convert
1 month’s worth of daily load profiles to a calendar format, with each day shown as a thumbnail
chart on the calendar (see Figure 30 below).

October 2006

Tuesday Wednesday Thursday Friday Saturday

Figure 30: Load profile calendar created from the load profile by day chart in ECAM.
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4.0 Load Profile as Box Plots

Box plots, or box and whisker plots, are commonly used to provide statistical summaries of data.
These charts make it easy to tell whether operation is consistent (regular) or inconsistent
(irregular). To make these types of comparisons, however, the days should be filtered for similar
daytypes, so that weekends and weekdays are not compared. The ECAM implementation of box
plots for load profiles uses a percentile implementation of the box plot to better show the
common range of the data, as well as the full range. Typical box plots use the data values at the
25" percentile, the 75™ percentile, and the minimum and maximum. Other box plot designs use
the value above and below the 25" and 75" percentiles by a distance equal to 1.5 times the
interquartile range, where the interquartile range is the difference between the 75" and 25"
percentile values. The ECAM “Load Profile as Box Plots” uses the 5™, 25", 75", and 95"
percentiles, plus minimum, maximum, median, and mean. Figure 31 shows the “Load Profile as
Box Plots” in ECAM filtered only to show weekdays using the PivotTable. Figure 31 shows
very consistent overnight demand, but an example of a building that has very inconsistent
overnight demand can be seen in  Figure 32. This function of ECAM can only be utilized in
Excel 2007/2010.
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Figure 31: Load profile as box plots in ECAM, comparing only weekdays.
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Figure 32: Load profile as box plots showing inconsistent overnight behavior.

26







5.0 Scatter Charts

The next menu item in ECAM is the scatter charts. These can be used to plot any points of
interest, but must be created a specific way. First, the independent variable (to be placed on the
x-axis) must be selected first by clicking on the point name. Then, to plot other point names
against this independent variable, simply hold the “Ctrl” key and select subsequent point names.
All subsequent selections made while holding the “Ctrl” key will be the dependent (to be placed
on the y-axis) values. If not all of the data points can be charted, either because of the Excel
chart or the PivotTable limits, the scatter charts will include some aggregation (averaging) of the
values for the independent variable. For example, if the independent variable is outdoor-air
temperature, and there are seven occurrences in the data set where the temperature is 77.3°F,
only one instance of 77.3°F will show up in the chart, and the dependent variable value will be
the average of the seven occurrences. There are three options under the “Scatter Charts” item in
ECAM, each to be discussed below ( Figure 33).

T d
Home Insert Page Layout Formulas Data Review View Developer Add-Ins
ECAM -
{1 select Data
i Definition of Paints
|| &  Create Schedules
ﬁ Input Dates for Comparison of Pre and Post
H Time Series Charts k
i Load Prafile as Bax Plots (Excel 2007/10) E F G| H J
Scatter Charts - I_ Scatter Chart by Occupancy
il Load Duration Chart (Point Frequency Distribution) ;= Seatter Chart by Date Range (Pre/Post)
—1 Chart ta Check Input Schedule [Excel 2007/10) l_ Toggle Scatter between all timestamps and aggregated va
Matrix Charts " .
onth MonthYr Day Hour Date Time
% Metrics for Points Mormalized per Sg. Foot nuary Jan 2006 1 0 1;’13"2886 12:15 AM
Create Other Metrics ¥ nuary Jan 2006 1 0 1/1/2006 12:30 AM
Data Summaries ¥ nuary Jan 2006 1 0 1/1/2006 12:45 AM
PMML Re-Tuning p  [MUary Jan 2006 1 1 1]."]_}"2[}[}5 1:00 AM
nuary Jan2006 1 1 1/1/2006 1:15 AM
ECAM Utilities g . . ST .
nuary Jan 2006 1 1 1/1/2006 1:30 AM
® ECAMHelp nuary Jan2006 1 1 1/1/2006 1:45 AM
= about ECAM nuary Jan2006 1 2 1/1/2006 2:00 AM

Figure 33: Scatter chart menu item in ECAM.
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5.1.1 Scatter Chart by Occupancy

This option creates a scatter chart with one to four series, depending on whether a schedule was
input, and whether the schedule included startup and shutdown times. If a schedule wasn’t input,
then this chart will show one series, labeled as “Occ.” If there is no schedule input, then this
chart should still be utilized if the user wants to look at any point names in the scatter format.
Figure 34 shows an example of this scatter chart when a schedule is input for both the
building and the equipment. It looks specifically at whole building energy consumption versus
outdoor-air temperature.  Figure 35 shows this chart as well, but only for “Occ” periods.
Figure 36, on the other hand, shows a scatter chart for an outdoor-air damper position (% open)
versus outdoor-air temperature for a building where no schedule was input. This chart shows the
value of this option in the tool, even in the absence of a building occupancy or equipment
schedule.
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Figure 34: Scatter chart by occupancy and equipment startup/shutdown.
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Figure 35: Scatter chart showing only the "Occ" period from Figure 34.
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Figure 36: Scatter chart for outdoor-air damper position versus outdoor-air temperature.

5.1.2 Scatter Chart by Date Range (Pre/Post)

The second scatter chart option should be used if the fourth menu item in ECAM was used to
“Input Dates for Comparison of Pre and Post.” This item was discussed in Section 2.4 above. If
dates were input, as in Section 2.4, then this scatter chart will display three different series: one
with the data before the energy project started, one representing operation during the energy
project, and one with data after the energy project.  Figure 37 gives an example of what this
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chart may look like if done correctly. Typically, the independent variable of interest will be
outdoor-air temperature, but the dependent variable can vary from whole building energy
consumption to outdoor-damper position, fan speed, etc.  Figure 37 looks at whole building
energy consumption vs. outdoor-air temperature.

1,200

1,000

800

600 + Before 11-15-06

During Changes
» After 1-24-07

Avg ElecMtr1_kW

400

200

0

20 30 40 50 60 70 80 90 100 110
Bldg1_TempOa

Figure 37: Scatter chart by date range in ECAM.

5.1.3 Toggle Scatter between all Timestamps and Aggregated Values

The last option under the scatter charts drop down menu in ECAM is the “Toggle scatter
between all timestamps and aggregated values.” This feature of ECAM allows the scatter chart
to deliberately show aggregated values. For example, it can be difficult to determine the general
trend if a piece of equipment has a discrete number of possible values, e.g., on/off, or low/high.
By averaging the data, trends can become more apparent. To utilize this feature, simply select
this option in ECAM while in the current scatter chart sheet.  Figure 38 shows an example of
the effectiveness of this feature when used on the scatter chart in Figure 37.
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Figure 38: Toggle scatter between all timestamps and aggregated values in ECAM.
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6.0 Load Duration Chart (Point Frequency Distribution)

This feature in ECAM makes it easy to create histograms describing the time duration of the
selected point. The chart, and accompanying table, provides the number of hours at various
binned values. This can be used to get equipment load-hours or temperature bin- hours, for
example. If a second, categorical variable is chosen, then joint frequency bins can be created as
well. For example, temperature bins by month, or joint frequency bins of humidity and
temperature can be created. Similarly, a joint frequency table of load-hours and occupancy could
be created. It is important to note that this feature will group the values of the selected point in
ECAM. All other PivotTables and associated metrics and charts, even existing ones, that use this
point in anything other than a value field will be affected. (If the point is used in another
PivotTable in a Report Filter/PageField, Column Label/ColumnField, or Row Label/RowField,
referring to Excel 2007/2003 terminology, it will reflect the grouping created for the Load
Duration Chart). Therefore, it is usually best to create the chart table, get the information
needed, copy the information as values to a new worksheet, and then ungroup the variable.

Creating a joint frequency table is similar to a scatter chart. Select the main variable, then hold
down the “Ctrl” key and select the categorical variable. To create a chart and table of
temperature bins by month, click the menu item for “Load Duration Chart”, and ECAM will
bring up the window shown in  Figure 39 below asking for point selection. For this case, click
the cell in “Row 6 of the “Data” worksheet that has the outdoor temperature, and then hold
down the “Ctr]l” key and click cell “F6” for “MonthYr,” and click “OK.”

Point Selection E

Select the names aof the paint For which wou want ko
calculate the hours at different walues,

If wou want ko calculate the hours For walues of this
point under multiple conditions: Select the poink
name Firsk, hold dawn the Cerl key, and then select
the cateqorical variable (e.g. occupancy, binned
kemperakures) vou want ko use,

| Datalgwge,DatalgFgs] | QK

Figure 39: Point selection when creating a load duration chart in ECAM.

ECAM provides the 1% and 99" percentile values of the selected variable to guide the user in
setting up the bins. In this case (Figure 40 below), the 99" percentile value of weather shown is
88°F, which is much cooler than the anticipated maximum temperature for the year. This is just
a guide, and any temperature for low and high can be input in the table shown in  Figure 40.

Figure 41 shows a portion of the table created after selecting “OK,” and Figure 42 shows
the corresponding chart created.
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Input the Parameters for the Load Duration Chart

15t Percentile value in data shown is

Minirnum Salue o0
Maxirmum Yalue 110 09th Percentile value in data shown is
bats]
Interval Width 5 Default Width of Interval is
5

Ok

Figure 40: Input parameter for the load duration chart in ECAM.

Total Hours MonthYr -T

Bldgl_TempOa  ~ Feb 2006 Mar 2006 Apr 2006 May 2006 Jun 2006 Jul 2006
20-25 4

25-30 49

30-35 74 30

35-40 101 106 15 1

40-45 167 179 75 27

45-50 194 231 195 80

50-55 74 119 183 157 33 4
55-60 8 57 126 178 171 110
60-65 22 73 122 198 178
65-70 35 62 149 136
70-75 13 63 77 102
75-80 4 26 31 80
80-85 1 21 26 62
85-90 3 17 39
90-95 5 8 15
95-100 9 12
100-105 2 5

Figure 41: Example of table created using the load duration chart option in ECAM.
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Figure 42: Load duration chart created for total hours at temperature bins by month.

Another example of the load duration chart can be seen below, when a schedule was input for
both the building and the equipment. To create this comparison, choose the outdoor temperature
first and then hold “Ctrl” and select cell “P6,” which is “Occupancy.” Figure 43 and Figure 44
show examples for the table and chart created for this scenario.

Total Hours Occupancy

Bldgl TempOa - | Oce Shutdown Startup  Unocc
20-25 2 o 20
25-30 20 2 3 91
30-35 FO 5 10 259
35-40 182 19 17 436
40-45 265 24 20 647
45-50 302 26 15 611
50-55 294 20 18 498
55-00 245 15 25 508
60-65 205 10 11 441
65-70 157 16 2 265
JO-75 110 12 2 156
T5-80 89 17 112
B0-85 &0 12 52
85-90 25 3 61
90-95 B 2 24
95-100 5] 1 5
10M0-105 3 2

Figure 43: Created table for hours vs. occupancy, for outdoor temperature.
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Figure 44: Load duration chart for total hours at specific temperature bins for occupancy.
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7.0 Chart to Check Input Schedule (Excel 2007/10)

After inputting an occupancy or operating schedule (see Section 2.3 Create Schedules), the data
should be reviewed to make sure that the schedule is interpreted as intended. This can be done
by utilizing the “Chart to Check Input Schedule” feature in ECAM. When selecting this feature
in the drop down menu, a chart similar to that in  Figure 45 will appear. For this case, a
schedule was entered for both main occupancy and equipment startup/shutdown. According to
the schedule, the equipment starts up at 5:30 AM Monday morning and shuts down at 7:00 PM
Monday night. Tuesday through Friday, the equipment starts up at 6:30 AM and shuts down at
7:00 PM. The main occupancy hours are Monday through Friday 7:00 AM to 6:00 PM, and the
building is unoccupied on the weekends.

It is important to note that there is a slight anomaly between the chart dates. The color
associated with the startup and shutdown (the lighter blue color) is shown horizontally between
the date lines. This is an anomaly with the type of chart used, and should be disregarded when
reading the schedule of the building. Rather, the vertical change in color should be focused on,
showing the start and end times for each day.
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Figure 45: Chart to check input schedule in ECAM.
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8.0 Matrix Charts

The “Matrix Charts” feature in ECAM automatically places a selected group of charts, or all
charts, on a single worksheet for comparison purposes. The charts in the matrix have some re-
formatting applied automatically, but it usually not sufficient to look attractive in the reduced
size. Therefore, the matrix charts will usually require re-formatting, such as elimination of or
resizing of labels and legends. Because of the reduced size of the charts, it may be beneficial to
edit the charts of interest before placing them in the matrix. In most cases, the x-axis for load
profiles can be deleted. Legends will often need to be deleted as well to make room for the plot.

Figure 46 shows an example of eight charts previously used/mentioned in this guide, in matrix
form.
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Figure 46: Matrix charts option in ECAM.

As you can see, the charts are quite small, and hard to read. This feature of the tool is more
useful for comparison of charts side by side (similar by type). For example, Figure 47 below
shows an example of “matrixed” charts with more extensive editing. This matrix is for box plot
load profiles for weekdays, for each month of the year. This type of comparison offers

conclusions on which month has the highest energy consumption, the most spread about the
mean, etc.
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Figure 47: Matrix charts option for box plot load profiles for weekdays, for each month of the year.
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9.0 Menu Iltems to Create Metrics and Summaries

The next three menu items in ECAM deal with creating metrics and summaries from the data
imported into ECAM.

9.1 Metrics for Points Normalized per Sq. Foot

This “Metrics for Points Normalized per Sq. Foot” menu item will create metrics for all points
that can be converted to watts per square foot (W/sf) values. Any points that are in KW will be
converted to W/sf after the user enters the building size as part of the point definition process.
The metrics that are created are average W/sf by daytype (Weekday, Saturday, Sunday) and
occupancy (Occ and Unocc).  Figure 48 shows an example of these metrics for whole building
energy consumption.

Average Electrical Demand
9.0

8.0
7.0

g 6.0

&9.0
]

= Avg ElechtriVatts_perSF :- 4.0
b=]

g 3.0

20

1.0

0.0

All Data Weekday Saturday Sunday Holiday Unoce
Time Category

AIIData| Weekday Saturday Sunday Holiday| Oce Unocc Startup Shutdown
Avg ElechMir1Watts perSF 5.36 585 4.31 425 462 7.82 4.11 6.40 592

Figure 48: Metrics for points normalized per square foot.

9.2 Create other Metrics

This section describes the following menu items, daytype and occupancy metrics, occupancy and
month-year combined metrics and daytype and month-year combined metrics.

9.2.1 Daytype and Occupancy Metrics

This menu item allows the user to pick the points they want to summarize as metrics. The
selected points will be averaged separately by “Daytype and Occupancy”, and placed in a table.
The average of all the data for each point is also provided. Figure 49 shows an example of
whole building energy consumption and outdoor-air temperature as the points chosen to
summarize. Choosing point names is the same as that specified in creating scatter charts section.
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Click the point name, and then hold the “Ctrl” key and select any other point names of interest
and click “OK.”

All Data| Weekday Saturday Sunday Holiday Unocc Startup Shutdown
Avg ElecMtrl_kW 521.8| 575.1 401.9 399.1 453.1 7723 393.6 646.9 562.2
Avg Bldgl TempOa 23 52.3 52.3 53.5 48.5 54.5 51.2 47.2 57.0

Figure 49: Daytype and occupancy metrics example.

9.2.2 Occupancy and Month-Year Combined Metrics

This feature creates averages of the points selected by the user, with the averages based on
combinations of occupancy status and the month and year (using the MonthYr column from the
“Data” worksheet) in which the data was gathered. The average for all of the data for each point,
averages by “MonthYr” for all occupancy statuses, and averages by occupancy for all dates are
also provided. Figure 50 shows an example of this table for both whole building energy
consumption and outdoor-air temperature.

Occupancy |~
Points Month¥r | = | Occ Unocc Startup Shutdown All Periods
Avg ElecMirl kw Jul 2006 928.41 530.63 730.08 344.64 660.72
Aug 2006 911.29 446.51 665.38 816.89 620.57
Sep 2006 874.55 473.29 623.77 757.46 599.67
Oct 2006 767.40 346.44 600.87 422.75 491.05
Mov 2006 735,75 362.77 671.03 454.00 485.54
Dec 2006 702.95 327.65 633.90 418.03 446.49
Jan 2007 710.20 399.82 636.54 471.10 502.50
Feb 2007 706.51 406.95 620.59 535.32 507.72
Mar 2007 699.34 398.62 568.96 591.19 505.71
Avg Bldgl TempOa Jul 2006 71.38 69.08 60.12 78.81 69.84
Aug 2006 68.79 67.39 58.77 75.67 67.94
Sep 2006 66.49 63.09 5441 71.92 64.17
Oct 2006 2645 52.17  47.27 59.32 53.66
Nov 2006 48.15 46.61 46.27 46.56 47.08
Dec 2006 42,14 38,93 37.73 41.51 39.93
Jan 2007 40,81 36.91  36.67 39.66 38.20
Feb 2007 45.36 43.05 40.08 45.01 43.77
Mar 2007 50,26 49.68 44.85 52.49 49.85

Figure 50: Occupancy and month-year combined metrics.

9.2.3 Daytype and Month-Year Combined Metrics

This feature is very similar to the “Occupancy and Month-Year” feature, but replaces
“Occupancy” with “Daytype.” Both of these menu items create PivotTables that can be further
changed by the user to meet specific analysis needs. Figure 51 shows an example of this chart,
but for a chilled water supply temperature and two air-handler flow rates.
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Points MonthYr ~|Weekday Saturday Sunday Holiday All Periods
Avg ChW1_TempOut Aug 2004 42.4 42.4 42.9 42.5
Sep 2004 43.2 43.0 42.6 43.9 43.1
Oct 2004 42.3 42.6 42.2 42.3
Avg SOUTH AHU FLOW Aug 2004 228 289 260 238
Sep 2004 265 286 247 290 267
Oct 2004 213 231 212 216
Avg NORTH AHU FLOW Aug 2004 677 648 695 676
Sep 2004 640 643 682 665 647
Oct 2004 648 592 620 636

Figure 51: Daytype and month-year combined metrics.

9.3 Data Summaries

The information provided by this tool in ECAM are statistical summaries of the selected points,
or the points in an existing PivotTable. In the case of an existing PivotTable, the summary is
placed to the right of the PivotTable, on the same worksheet. Summaries are provided for all the
points selected or in the PivotTable.

9.3.1 Summarize Data

This feature provides statistical information about the selected data points, using the raw data
without aggregation.

9.3.2 Summarize Data from PivotTable

This feature provides information about the data points (value or data fields) in a PivotTable.
Note that “Summarize Data from PivotTable” uses only the data shown in the PivotTable, based
on the type of aggregation selected for the data. If the PivotTable uses some sort of aggregation
(average, maximum, etc.), the data summary will show different values than a summary based on
the full data set.

Whichever option is used, the summary is associated with a PivotTable, so all of the normal
ECAM filters are available. The data can be filtered by daytype, month, occupancy, etc. The
statistical information includes the following:

e Maximum
e +3 Standard Deviations
e Average

e Low to High Ratio
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e Percentiles (97.7, 95", 90", 84.1, 75", 50", 25" 15.9, 10", 5", 2.3)
e Minimum

No checks are made as to whether the data fits a normal distribution, so both percentiles and
standard deviations are provided. The unrounded percentile values (i.e. 2.3, 15.9, 84.1, and 97.7)
match the percentiles associated with a normal distribution at 1, 2 and 3 standard deviations
away from the mean.

The percentiles and number of standard deviations are included as inputs on the worksheet with
the data summary, so users can quickly customize a data summary to meet specific needs.

The “Low to High Ratio” (LHR) is a number that is intended for use with meter data to express
how well a building turns down load during unoccupied hours. It is not intended for use with
other types of data points. However, it was straightforward to include with the data summaries,
so it is included here'.

The LHR is calculated as the average of the subset of data more than 0.5 standard deviations
above the mean of all the data divided by the average of the subset of data more than 0.5
standard deviations below the mean of all the data. Table 2 shows an example of the data
summary for whole building electricity consumption.

Table 2: Sample of data summary table in ECAM.

Statistical Avg
Percentile | Information ElecMtrl_kwW

1 Maximum 1269.00
0.98 Percentile 97.7 984.96
0.95 Percentile 95 927.72
0.90 Percentile 90 841.32
0.84 Percentile 84.1 754.92
0.75 Percentile 75 719.28
0.50 Median 470.88
0.25 Percentile 25 338.04
0.16 Percentile 15.9 325.08
0.10 Percentile 10 315.36
0.05 Percentile 5 301.32
0.02 Percentile 2.3 288.36

' The LHR is from a 2004 ACEEE paper, Who Left the Lights On? Typical Load Profiles in the
21 Century, by Reid Hart, Steve Mangan, and Will Price, then with the Eugene Water and

Electric Board. As of March 2011, the paper can be downloaded from:
http://www.eceee.org/conference proceedings/ACEEE buildings/2004/Panel 7/p7_8/.
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Statistical Avg
Percentile | Information ElecMtrl_kw

0.00 Minimum 257.04
Std Deviation 216.91

3.00 +3c 1186.54
2.00 +26 969.63
1.00 +lo 752.72
0.00 Average 535.82
-1.00 -lo 318.91
-2.00 -2c 102.00
-3.00 -3c -114.91

Low to High
Ratio 0.43
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10.0 PNNL Building Re-tuning Charts

The building re-tuning menu items are designed to support the PNNL building re-tuning process*
by automatically creating charts that allow identification of building operational problems. To
successfully use the building re-tuning menu items, the raw data has to be mapped to predefined
point names using the “Definition of Points” menu item (described in Section 2.2 above). After
the points are properly defined, the creation of the building re-tuning charts is completely
automated. The only action required by the user is to select the appropriate menu item(s) in the
“PNNL re-tuning” drop down menu.

Selection of each menu item creates a separate worksheet (with the related charts) for each
relevant building re-tuning focus areas. For example, if there are five air-handling units (AHUS),
five worksheets will be created, one for each AHU. All charts on a single worksheet change
together as the user selects various filters. For example, the data history charts will all use the
same date/time range per the selections in the PivotTable on the worksheet containing the charts.

If any points associated with a particular re-tuning chart are not available, or not mapped using
the “Definition of Points” feature, those points will not be charted. If all points for a particular
chart are missing, then an empty chart will result, or a chart that only has partial information (for
example, the outdoor-air temperature).

10.1 Central Plant Charts

To identify operational problems and make corrections/adjustments to the physical plant
operations, the points that should be collected (recommended 15-minute intervals, no greater
than 60-minute intervals) with the building automation system (BAS) include:

e Outdoor-air temperature (OAT)

e Chilled water (CHW) supply temperature
e Chilled water return temperature

e Chilled water set point

e Hot water (HW) supply temperature

e Hot water return temperature

e Hot water set point

! www.pnnl.gov/buildingretuning
http://buildingefficiency.labworks.org/publications/PNWD-SA-8654.pdf odd layout?
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e Condenser water supply temperature

e Condenser water return temperature

e Condenser water set point

e Each chiller load (current)

e Each pump status (if there are multiple pumps record all of them)
e Each chiller status

e Chilled water flow (gpm)

e Chilled water differential pressure

e Chilled water differential pressure set point
e Cooling tower fan speed

e Cooling tower fan speed set point

e Cooling tower fan status

e CHW and HW delta-T (this can be simply calculated by taking the difference
between the supply and return temperatures for the hot water and chilled water
loops, respectively).

The following time-series charts will be created by ECAM, depending on the availability of the
relevant points mapped in ECAM:

e CHW supply temperature, CHW return temperature, delta-T, and OAT vs. time
e HW supply temperature, HW return temperature, delta-T, and OAT vs. time
e CHW flow and OAT vs. time.

It is important to note that ECAM will not create charts automatically for certain parts of the
system, like the cooling tower or condenser. These points should still be mapped in ECAM,
because the use of the point history chart (discussed in Section 3.1) will allow the user to still
plot these points and compare them to other system charts such as chilled water or hot water.

Another note to the user: All of the points listed above are not required for the PNNL building
re-tuning feature in ECAM. However, as the number of points collected increases, the
information available to the user during the re-tuning of the system also increases. If the BAS
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only has temperature information, it should still be mapped and plotted in ECAM because
important things can be diagnosed such as loop delta-T vs. OAT at different weather conditions.

The following example data set in Figure 52 came from a BAS system for a central utility plant
(CUP). The file type is a “.csv,” and the points included can be seen in the figure.

.- & CUP.csv - Microsoft Excel
m Home  Insert  Pagelayout  Formulas  Dats  Review  View  Developer | Addns
ECAM -
Menu Commands
§I| N27 - F3
3 A B E D E F G H ] ] K L M N o P a
CHW-DP-
1 Time OAT  CHWS-T CHWR-T CHW DELTAT CHW-Flow HWRT HWST HWDELTAT SPT CHW-DP
2 | 2/11/20118:00 54.19 42.3886 53.3536  10.96498  1637.87 10112 119.2 181271  24.8 25.01965
3| 2/11/20118:30 56.45 42.3719 53.112  10.74016 1588.007 100.7 118.6  17.8383 2.8 24.95669
4 2/11/20119:00 5275 425763 53.112 1053571 1663.381 100.7 1186  17.8883 4.8 24.98975
5 2/11/20119:30 52.44 421535 53.112 1095853 1631619 100.7 1184  17.6815 24.8 25.01957
6 | 2/11/201110:00 53.01 42.3752 53.3212  10.94593 1708.417 100.9 117.2 163386  24.8 24.99232
7 | 2/11/201110:30 54.61 42.5907 53.1178 105271 1688.438 1011 117.2 161193 4.8 2510807 | pointsincluded:
8  2/11/201111:00 55.72 42.7929 53.5303 107374 1810113 10174 1187 165821  24.8 2495198  Outdoor-air temperature
9 |2/11/201111:30 56 42.5245 53.5217  10.95723 1820841 10247 119.2 167105 24.8 2500402 | chilledwatersupply temperature
10 2/11/201112:00 56.41 427246 53.5217 1079705 1827.771 102.26 119 167622  24.8 2507195  Chilledwaterreturn temperature
11 2/11/201112:30 57.11 42.2906 53.5512 11.26058 1781.286 102.76 119.7 16.9749 24.8 2495630  Chilledwaterdelta-T
12 2/11/201113:00 56.61 424964 53.536 1103965 1762.863 103.45 120.7  17.2589 248 2498825  Chilledwaterflow (gpm)
13 2/11/201113:30 55.79 42.2625 535149 1125243 1781308 103.41 120.5  17.0956 248 2498275  Hotwaterreturn temperature
Hot water supply temperature
14 2/11/201114:00 57.03 42482 537335 1125748  1803.16 103.62 1205 168481  24.8 2498056 o0 2o REY
15 2/11/201114:30 57.87 4246 53519  1L05954 1850.477 103.85 1207 168424 4.8 25.059%5  chilledwaterdifferential pressureset point
16 2/11/201115:00 58.23 424823 537196 1123738 1894.165 103.85 120.9  17.0419 24.8 2830482 Chilledwater differential pressure
17 2/11/201115:30 58.61 42.4368 53.5044 1L0176  1959.834 104.09 120.9 168027  24.3 24.91443

Figure 52 : Sample data set for a central utility plant.

Repeating the steps at the beginning of this guide, go to Add-Ins, ECAM, “Select Data.” For this
case, the timestamps are in one column, so that will be selected, and then hit “OK.”  Figure 53
shows the data being selected.
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SI“_—'-I.L'E“')' - cup

Home Insert Page Layout Formulas Data Review View Developer Add-Ins

-

ECAM ~

Menu Commands

AL - I
i A B C D E F G H 1 J K

e cHw-Dp- i
1 iTime OAT  CHWS-T CHWR-T CHW DELTAT CHW-Flow HWRT HWST HWDELTAT SPT CHW-DP E
2 | 2/11/20118:00 54.19 42.3886 53.3536 10.96438  1637.87 10112 119.2 18.1271 24.3 25.01965
3 2/11/20118:30 56.45 42.3719 53.112 10.74016 1588.007 100.7 118.6 17.8883 24.8 24.955695
4 | 2/11/20119:00 52.75 42.5763 53.112 10.53571 1663.381 100.7 118.6 17.8883 24.3 24.98975,
5 2/11/20119:30 52.44 42,1535 53.112 10.95853 1631.619 100.7 118.4 17.6815 24.8 25.0195?5
6 12/11/201110:00 53.01 42.3752 53.3212 10.94533 1708.417 100.9 117.2 16.3386 24.3 24.99232)
7 52;’11f’201110:30 54.61 42.5907 53.1178 10.5271 1688.438 1011 117.2 16.1193 24.8 25.1030?5
8 12/11/201111:00 55.72 42.7929 53.5303 10.7374 1810.113 101.74 118.7 16.9821 24.8 24.95198,
9 52;‘11f201111:30 56 42.5245 53.5217 10.99723  1820.841 102.47 119.2 16.7105 24.8 25.004025
10 12/11/2011 12:00 56.41 42.7246 53.5217 10.79705 1827.771 102.26 119 16.7622 24.8 25.07196,
1152[11/2011 12:30 57.11 42.2906 53.5512 11.26058 1781.286 102.76 119.7 16.9749 24.8 24.956395
12 12/11/201113:00 56.61 42.4964 53.536 11.03965 1762.863 103.45 120.7 17.2589 24.8 24.98325,
13 52!11/201113:30 55.79 42.2625 53.5149 11.25243  1781.308 103.41 120.5 17.0996 24.8 24.532?55
14 12/11/2011 14:00 57.03 42.482 53.7395 11.25748  1803.16 103.62 120.5 16.8481 24.8 24.98056,
15 52111/201114:30 57.87  42.46 53.5196 11.05954 1850.477 103.85 120.7 16.8424 24.8 25.059555
16,2/11/2011 15:00 58.23 42.4823 53.7196 11.23738  1894.165 103.85 120.9 17.0419 24.8 24.90442
1752]11f2011 15:30 58.61 42.4868 53.5044 110176 1959.884 104.09 120.9 16.8027 24.8 24.914435

18,2/11/201116:00 59.06 42.4822 53.7066 11.22446  2044.852 104.09 121.1 17.0408 24.8 25.02152

1 L}
e p A
! H A . K . . . \
2112/11/201117:30 58.26 42.2877| Selecttherange of cells with your data. b2 18.7931 24.8 25.02851)
22 12/11/2011 18:00 58.16 42.2478| You should select the ful range (both rows and p2 18.7931 24.8 24.89738,
! . columns), induding the headers (Point Mames), and all 1
23 : 2/11/2011 18:30 59.05 42.225 the records (time stamps) you want to indlude. .1 18.575 24.8 24.97971)
24,2/11/201119:00 57.35 42.2304 .9 18.7651 24.8  25.0163)

a5 i 2/11/201119:30 56.11 42.6512 E:;E?QESTEE;Q'STII be assumed to be in the first row of b

0
26,2/11/201120:00 55.24 42.423 .6 18.3269 24.3 25.02735,
. v
27 12/11/201120:30 53.51 42.6542 CUPISAS1:8K$638 J .6 18.3269 24.8 24.98417)

18.5516 24.8 24.994015

28 2/11/201121:00 52.42 42.4506 .5 17.6721 24.3 25.03609,

' ¥
29 12/11/201121:30 5113 42.2318 53.2264 10.95463 1655.36 101.02 118.2 17.1756 24.8  25.0475)
30 2/11/201122:00 50.22 42.4936 53.43 10.9364 1534.912 101.23 1184 17.1969 24.8 25.03458)
21 :’1!11!‘1!’\11 27:20  AQ J5 A7 NSEQ E2 271 a0 31E1E 1452 11 101 A2 110 4 15 0075 249 9g m:'w'.r:

Figure 53: Selecting the data in ECAM.

There is ambient temperature data in column B, so when prompted, the user can click anywhere
in this column and click “OK,” and then ECAM will open up a new workbook with the new data.
Now the user can map the points for this data set by going to ECAM, “Definition of Points.”
The building size is not known for this example, so the default values are left in the fields and
then “OK” is clicked. Now, the user would see something similar to that in  Figure 54 below,
where the “Define Data by System, Equipment, and Measurement” window is open. Under the
“Points List,” each point that was in the data set should appear, and the subsystems should all
appear. The subsystem components window is blank until the user refreshes it by clicking on a
different subsystem. To map the outdoor-air temperature, the user should click on the
corresponding point names under the “Points List” (OAT in this example). Then, under
“Subsystems,” “Bldg” should be chosen, followed by “Ambient” under “Subsystem
Components,” and finally “Bldg_TempOa” under the “Component Measurements.” Once all of
these options are highlighted, the user should click on the “Map Point” button at the right hand
side of the window. If done correctly, the user will now see “Bldgl_TempOa” under “Mapped
Points” ( Figure 55). There is a “1” added to the mapped point because ECAM has the ability
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to map multiple buildings, chillers, air-handlers, etc. To do this, simply map all of the points for
the first system, and then change the “Comp. ID” at the bottom of the window (it always starts
defaulted at 1) to the desired system number (2, 3, etc.).

|DateTime

_Year Month  MonthYr Day Hour Date Time ‘WeekdayNum Weekday Daytype Holiday DaySchedule Occupancy 1degBin 5degBin TempRng DateRng OAT CHWS-T CH|
2/11/118:00 AM 2011 February Feb2011 11 8 2/11/2011 8:00 AM 5 Friday Weekday No 34 52.5 under 55 3419164 42.3886 3
2/11/118:30 AM 2011 February Feb2011 11 8 2/11/2011 8:30 AM 5 Friday Weekday No 56 57.5 55t0 70 5645049 42.37187 5
2/11/119:00 AM 2011 February Feb2011 11 9 2/11/2011 9:00 AM 5 Friday Weekday No 53 52.5 under 55 5274503 42.57632 5
2/11/119:30 AM 2011 February Feb2011 11 9 2/11/2011 9:30 AM 5 Friday Weekday No 52 52.5 under 55 5244158 42.1535 5
2/11/1110:00 AM 2011 February Feb2011 11 10 2/11/2011 10:00 AM 5 Friday Weekday No 53 52.5 under 55 53.00705 42.37524 5
2/11/1110:30 AM 2011 February Feb2011 11 10 2/11/2011 10:30 AM 5 Friday weekday No 55 52.5 under 55 5461027 42.59074 5
2f11/11 7929
2?11;”11 Define Data by System, Equipment, and Measurement = 16 5
2/11/11 points List " Points £ b C 2464 5
2/11/11 oints Lis pped(Eoky =3 9057 5
CAT Bidg
2/11/1. CHWS-T Weters 9635
CHWR-T Caolng Plant
/L CHW DELTAT Heating Plant Map Font 6248, 5
2/1/1. CHW-Flow CHW/ Distribution 2482 5
HWRT HW Distribution
211 HWST Cancel G002, 5
2/11/1: HW DELTAT Zone 8226 5.
CHW-DP-SPT
2{11/1. CHwor = 8682 5
2/11/1 Comp.10: ﬂ 3 Done> | hs217 5
2/11/1: 8824 5

2/11/115:00 PM 2011 February Feb2011 11 17 2/11/2011 5:00PM 5 Friday Weekday No 59 57.5 55t0 70 5893122 42.50524 5

Figure 54: Initial window for mapping points.

Define Data by System, Equipment, and Measurement
Points List Mapped Points Subsystems C ts
Bldg1 TempOa Bldg Ambient
CHWS-T Meters
CHWR-T Cooling Plant
CHWDELTAT Heating Plant
CHW-Flow CHW Distribution
HWRT HiW Distribution
HWST AHU ﬂ
HWDELTAT Zone
CHW-DP-SPT
CHW-DP . .
q one >
Comp. ID: j |—1

Figure 55: Mapping points window after outdoor-air temperature is correctly mapped.

To map the chilled water supply temperature, click on it in the “Points List,” and then click on
the “CHW Distribution” under the “Subsystems” list. Now click on the “Chilled Water” under
the “Subsystem Components,” and finally “CHW_TempOut” under the “Component
Measurements.” Once these are all highlighted, in this specific order, click on the “Map Point”
button. If done correctly, the user will now have that point added to the “Mapped Points” list.
To map the chilled water return temperature and the chilled water delta_T, all of the steps above
are the same, except now choose the “ChW_Templn” and “ChW_TempDiff” under the
“Component Measurements” window, respectively.

To map the chilled water flow, click on it under the “Points List,” click on the “CHW
Distribution” under the “Subsystems,” choose the “Pump CHW _Sec” under the “Subsystem
Components,” and choose “Pmp ChW_Sec gpm” under the “Component Measurements,” and
click “Map Point.”

Mapping the hot water supply, return, and delta-T is very similar to the chilled water points, but
the “Subsystem” to choose for the hot water points is “HW Distribution” and “Hot Water” under
the “Subsystem Components,” and then “HoW_TempOut,” “HoW_Templn,” and
“HoW_TempDift” under the Component Measurements, respectively.
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The last two points in the data set are the chilled water differential pressure and set point,

respectively. These points should be mapped under “CHW Distribution” in “Subsystems,”
“Chilled Water” under “Subsystem Components,” and “ChW _dPres” and “ChW_dPresSp”
under “Component Measurements.”

After all of the points have been mapped, the user should click “Done” at the bottom right of the
window. Now, the last step for the user is to go to the ECAM drop down menu, and go to the
“PNNL Re-Tuning” and click on “Central Plant Charts,” and ECAM will automatically open a
new sheet titled “CP1” with the charts listed above. Figure 56 shows the new sheet with these
charts. If the there was no hot water information from the BAS (could be summer time or no hot
water system for the building), then the charts would look something similar to that in Figure 57,
where the second chart only has the outdoor-air temperature.
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Figure 56: Central plant charts when all points are mapped correctly.
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Figure 57: Central plant charts without hot water distribution.

You will notice by inspecting the charts that the differential pressure trend was not plotted in any
charts. This is because ECAM does not plot that variable in the default plots for the central
plant. To create plots for the differential pressure and set point, go to the drop down menu and
select “Time Series Charts,” and “Point History Chart.” When prompted, select the differential
pressure point name, and then hold down the “Ctrl” key and select the differential pressure set
point. If you want any other point names included, simply click them while holding down “Ctrl”

( Figure 58).  Figure 59 shows the corresponding point history chart.

OAT CHWS-T CHWR-T CHW DELTCHW-FlowHWRT  HWST  HW DELTA CHW-DP-S CHW-DP

\Chw1_d 'Chw1 d |
ng Bldgl Ter Chw1l_TelChW1_Tel ChW1_TelPmp_ChWHoW1_Te HoW1_Te HDWl_Te;E[la_s_Sp_ - _:IE'[E_s_ . _: Da
54.19164 42.3836 53.35358 10.96493 1637.87 101.1176 119.2447 18.1271 24.8 25.01965 0.
56.45049 42.37187 53.11203 ; : —==ag33 24.8 24.95669 0.
52.74503 42.57632 53.11203 | @t oeiection 122 s 24.8 24.98975 0.
52.44158 42,1535 53.11203 | Select the name(s) of the point(s) you want to indude 1315 24.8 25.01957 0.
53.00705 42.37524 53.32117 | " e eimes or Chart 336 24.8 24.99232 0.
54.61027 42.59074 53.11784 | | DatalsAD$s Datalsacss | oK 193 24.8 25.10807 0.
55.71696 427929 53.5303 21 24.8 24.95198 0.
56.00114 42.52446 53.52169 10.99723 1820.841 102.4709 119.1814 16.7105 24.8 25.00402 0.

Figure 58: Creating a point history chart for data not included in central plant charts.
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Figure 59: Point history chart for differential pressure and set point.

Point history charts should be created for all additional points collected from the BAS that are
not automatically generated from ECAM. Any combination of points can be looked at, all
depending on what information the user is trying to diagnose about the system.

10.2 Air-Handling Unit (AHU) Charts

To identify operational problems and make corrections/adjustments to air-handling unit
operation, the points that should be collected (recommended 15-minute intervals, no greater than
60-minute intervals) with the building automation system (BAS) include:

e Qutdoor-air temperature

e Mixed-air temperature

e Return-air temperature

e Discharge-air (supply-air) temperature
e Discharge-air temperature set point

e Discharge (duct) static pressure

e Discharge static pressure set point
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e Return-air damper position

e Qutdoor-air damper position

e Exhaust-air damper position

e Fan status

e Fan Speed (on both supply and return fans, feedback or command)
e Cooling coil valve command

e Heating coil valve command

The following time-series charts will be created by ECAM, depending on the availability of the
relevant points mapped in ECAM:

e Qutdoor-air, return-air, mixed-air, and discharge-air temperatures vs. time

e Discharge-air temperature and discharge-air temperature set point vs. time

e Outdoor damper position vs. time

e Qutdoor- and return-air temperatures, damper position signal(s) vs. time

e Outdoor damper position, cooling coil and heating coil valve commands vs. time
e Outdoor- and return-air damper position signals vs. time

e Discharge (duct) static pressure and set point vs. time

e Supply fan speed, discharge static pressure vs. time

e Return fan speed and status vs. time

e Supply fan speed, return fan speed vs. time

The following example is for an air-handling unit with data trend using a BAS. The point hames
that are included in the example are listed in Figure 60 below. You can see that columns M, N,
and O contain supply fan status, command, and speed. The status is listed as an “On” or “Off”
value. It should be noted that ECAM will not plot points that have “On” or “Off” as their status.
These should be converted to On=1 and Off=0 prior to importing into ECAM.
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Iz'- FICE = AHU.csv - Microsoft Excel

E Home | Insert  Pagelayout  Formulas  Data  Review  View  Developer  Add-ns

Cut |
# o =i Wrap Text General - E:L'jl =" Normal Bad
3] =

52 copy - 1
= B & - -9 <8 00 Conditional Format | Good Neutra ]
 Format Painter B Merge & Center = | § ~ % 7 | T 53 Formatting = as Table = 1

Clipboard Faont Alignment MNumber Styles

Calibri 11 v AT AT

B I U- M-~ &~ A-

b H29 - F | 100

A B C D E F G H ] J K L M N 0 P
1 Time 0AT RAT  MAT DAT  DATSP OAD-O RAD-O CLG-O HIG-O SASP  SAP-SPT SES SF-C SF-0 RF-O
2 | 2/15/201112:00 56.40665 53.54821 68.7831 56.76498 54.9 100 52.06341 56.77773 0 174553 1.743751 On 8241179 67.57767
3 2/15/201112:30 57.10779 54.51814 69.77374 56.76498 549 100 53.77859 54.48685 1734874 1.743751 On 83.42612 68.40342
4 | 2/15/201113:00 56.51093 54.54814 69.77374 56.76627 54.9 100 53.4464 5154607 1.741442 1743751 On 82.52544 67.57086
5 | 2/15/201113:30 55.79208 54.54814 69.77374  56.769 54.3 100 47.62243 53.02647 1744506 1.743751 On 8146688 66.80284
6 |2/15/201114:00 57.03289 5454814 70.7648 | pojrecioo o, 1741136 1.743751 On 80.43134  65.9537
7| 2/15/201114:30 57.87338 54.54814  70.768 | Quidoor-air temperature 1740355 1.743751 On 80.43130  65.9537
8 80.72975  66.1984

w

2/15/201115:30 58.60897 56.55861 71.75569 | Mixed-airtemperature 1.742799 1.743751 On
10 | 2/15/201116:00 59.06026 53.4209 71.75569 A Discharge-air temperature 1.737172 1.743751 On

11 |2/15/201116:30 58.45815 54.42399 71.75569 | Discharge-airtemperature set point 1.739313 1743751 On
R““ttd‘“"'_"“; dampe”’"_:_'“"“ 1737321 1.743751 On
eturn-air damper posiaon 174709 1.743751 On

Cooling coil command
Heating coil command 0 1.741854 1.743751 On

80.72975 66.1984
21.74486 67.03079
82.42953 67.59221
82.42953 §7.59221
82.42953 67.59221
81.34637 66.70402

12 | 2/15/201117:00 58.93122 55.41413 71.75569
13 | 2/15/201117:30 58.26203 55.41413 71.75569
14 | 2/15/201118:00 58.15741 55.41413 70.76263

o
o
o
o
o
2/15/201115:00 58.22557 55.54401 70.7648 Return-air temperture 0 1.739722 1.743751 On
o
o
o
o
o

O R R R R R R R R R R R R e

15 2/15/201118:30 59.04955 54.41323 63.76958 | pjscharge static pressure 10 1744271 1.743751 On 81.91974 67.17419
16| 2/15/201119:00 57.3523 54.41323 69.76958 | Discharge static pressure set point 10 1.743144 1.743751 On 81.91974 §7.17419
17 | 2/15/201119:30  56.1067 53.41546 68.77522 | Supplyfan status 10 1746109 1.743751 On 8191974 67.17419
18 | 2/15/201120:00 55.24364 53.41546 67.78336  Supplyfan command 10 1.741935 1.743751 On 82.34209 67.52051
19| 2/15/201120:30 53.51341 53.41546 67.78336  Supplyfanspeed 10 1.74577 1.743751 On 79.24138 64.97793
20 | 2/15/201121:00 52.42422 53.41546 57.78335 Retum fanspeed 10 1.746764 1.743751 On 79.24138 64.97793
21 2/15/201121:30  51.1302 53.41546 67.78336 10 1.739196 1.743751 On 79.24138 64.97793
22 | 2/15/201122:00 50.22033 53.64513 66.79234  55.698 54.9 100 52.62234 48.52697 10 1.737298 1.743751 On 79.24138 64.97793
23 | 2/15/201122:30 49.36358 5242674 56.47767 59.67366 54.9 0 100 0 0 -0.0369 1.743751 Off 0 0

Figure 60: Example data set for an air-handling unit.

The same procedure described above for the central plant operation is used to map the points. To
map the return-, mixed-, and discharge-air temperatures, click on a specific one in the “Points
List,” then click on “AHU” under the “Subsystems,” followed by “AHU” under the “Subsystem
Components.” Finally, under “Component Measurements,” choose “AHU_TempRa,”
“AHU_TempMa,” and “AHU_TempSa” for each specific sensor. The discharge-air temperature
set point and discharge static pressure and set point are also located here, under
“AHU_TempSaSp,” “AHU_DuctStcPres,” and “AHU_DuctStcPresSp,” respectively. You will
also notice that there is an “AHU_TempOa” in the “Component Measurements” window. This
is for the outdoor-air temperature if each air-handling unit has its own sensor. It is recommended
that the outdoor-air temperature sensor associated with each AHU be used when analyzing
individual AHUSs so it is consistent with the controls, but ECAM gives the user the option to use
an outdoor-air temperature associated with the building to be used for analyzing AHUS .

To map the outdoor- and return-air damper positions, choose the “AHU Subsystem,” and then
under the “Subsystem Components” choose the “Dampers.” Under the “Component
Measurements,” choose either “AHU Dmpr OA %op” or “AHU_Dmpr RA %op.”

To map the cooling coil command, choose “AHU” under “Subsystems,” “Coil Cooling” under
“Subsystem Components,” and “AHU_VIv_CC_ %op” under “Component Measurements.”
Similarly for the heating coil command, choose “Coil Heating” under “Subsystem Components”
and “AHU_VIv_HeC %op” under “Component Measurements.”

To map the supply and return fan speed, choose either “Fan_Supply” or “Fan_Return” under the
“Subsystem Components,” and then either “AHU Fan S %Spd” or “AHU Fan R %Spd.” The
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fan status appears as “Fan_S_Status” or “Fan_R_Status” under the “Component Measurements”
window. After all points are mapped, click the “Done” button at the bottom right of the window,
and then select the “AHU Charts” under the “PNNL Re-tuning” menu option in ECAM. If all
points are mapped correctly, you should see all 10 charts appear in a new sheet labeled “AHU1,”
asin Figure 61 below. As with the central plant charts above, if there are any points missing or
not mapped correctly, ECAM will skip over them and show either a blank chart or a chart with
partial data. As before, the “Point History Chart” should be utilized to chart any other points or
combinations of points that are of interest to the user.
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Figure 61: Air-handler charts in ECAM under the PNNL Re-Tuning option.

10.3 AHU Scatter Charts

Once the points for the AHU have been mapped, the user can select the “AHU Scatter Charts”
option under the “PNNL Re-tuning” menu in ECAM. The following scatter charts will be
created by ECAM, depending on the availability of the relevant points mapped in ECAM:

e Discharge-air temperature vs. discharge-air temperature set point
e Cooling coil command vs. heating coil command
e Qutdoor-air damper command vs. outdoor-air temperature
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e Mixed-air temperature vs. outdoor-air temperature

After running this feature in ECAM, another sheet will be created and called “AHUxy1.” It will
appear somewhat similar to that in Figure 62.
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Figure 62: Example of AHU scatter charts in the PNNL Re-Tuning feature of ECAM.

To create scatter charts for any other points of interest, the “Scatter Chart by Occupancy” can be
used. This is described in detail in Section 5.1.1.

10.4 Zone Charts

To identify operational problems and make corrections/adjustments to air-handling unit
operation, the points that should be collected (recommended 15-minute intervals, no greater than
60-minute intervals) with the building automation system (BAS) include:

e Zone temperature

e Zone temperature set point

e VAV box damper position

e Reheat valve position (if supply air is reheated at the zone)

e Re-cool valve position (if supply air is re-cooled at the zone)

e Zone occupancy mode (occupied/unoccupied)
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e Zone CFM

e Zone CFM set point

e Zone discharge-air temperature

e Fan status, or fan command (for fan powered boxes only)

The following time-series charts will be created by ECAM, depending on the availability of the
relevant points mapped in ECAM:

e VAV box damper position, reheat valve position, and zone temperature vs. time

It is important to note that each zone will be charted on a separate worksheet, so the “CompID”
will need to be indexed for each zone that is mapped in ECAM. Figure 63 below shows an
example data set for zones from a BAS. When mapping the points for the zone charts, click on
the “Zone” “Subsystem.” There are only two options for the “Subsystem Components,” either
“Terminal” or “Zone.” If you click on “Terminal,” you will find VAV box damper position
(Z_T1 Dmpr_ %op) and reheat valve position (Z_T1 Rht%) under the “Component
Measurements” window. If you click on “Zone,” you will find zone temperature (Z_Temp),
zone temperature set point (Z_TempSP), and zone occupancy mode (Z_Occ_Status).

Note that there are not any component measurements in the zone subsystem for zone CFM, zone
CFM set point, or zone discharge-air temperature. These points can be included in ECAM, but
will have to be plotted using standard excel plotting tools if more information is needed for any
particular zone. The zone occupancy can be plotted using a “Point History Chart” in ECAM.

Figure 64 shows a typical zone plot created in ECAM using the PNNL Re-tuning feature
“Zone Charts.”
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Clipboard [P Font [F} Alignment [F} Number
El P24 - £
M A B C D E F G H 1 J
1 Time OAT OCC-SCHE DPR-Oper ZN-T RHT-V.PO.ZN-SPT  CFM-SPT CFM DA-T
2 | 2/12/201110:00 52.52842 1 64.39069 68.8172 9.658604 70 1260 1235.715 70.81139
3 | 2/12/201110:30 54.78133 1 64.39069 69.8756 9.658604 70 1260 1237.012 73.15376
4 | 2/12/201111:00 54.71199 1 64.39069 68.9252 9.658604 70 1260 1256.052 66.56158
5 | 2/12/201111:30 55.86394 1 64.39069 69.9836 9.658604 70 1260 1282.533 56.5744
6 | 2/12/201112:00 58.38398 1 64.39069 69.9836 9.658604 70 1260 1241.412 70.18018
7 | 2/12/201112:30 60.89357 1 64.39069 69.9836 9.658604 70 1260 1268.654 55.44748
8 | 2/12/201113:00 59.95893 1 64.39069 68.9468 9.658604 70 1260 1254.212 55.55484
9 | 2/12/201113:30 63.06596 1 64.39069 67.8524 9.658604 70 1260 1242.393 77.59219
10 | 2/12/201114:00 62.9916 1 64.39069 69.05479 9.658604 70 1260 1258.144 76.30884
11 | 2/12/201114:30 64.04827 Points Included: 70 1260 1251.447 76.86465
12 | 2/12/201115:00 65.41943 Outdoor-air temperature 70 1260 1245.642 77.26837
13 | 2/12/201115:30 65.18643 Occupancy mode 70 1260 1277.33 59.51316
14 | 2/12/201116:00 64.66672 VAV boxdamper position 70 1260 1292.15 59.43678
15 | 2/12/201116:30 62.84317 Zone temperature 70 1260 1144,237 57.05655
16 | 2/12/201117:00 60.7322 Reheat valve position 70 1260 1251.601 55.72955
17| 2/12/201117:30 59.61378 ;z:g:;r:qp:;::}u.ﬁ:et point 70 1260 1242.806 56.87756
18 | 2/12/2011 18:00 58.71849 Zone CFM 70 1260 1241.773 77.88208
19 | 2/12/201118:30 58.07673 Zone discharge-air temperature 70 1260 1276.266 77.00117
20 | 2/12/201119:00 57.34508 70 1260 1259.91 76.75838
21 | 2/12/201119:30 56.51063 1 76.00645 68.89639 11.40097 70 1260 1161.651 77.19106
22 | 2/12/201120:00 56.13704 1 79.203 68.8748 11.88045 70 1260 1215.618 76.76687

Figure 63: Example data set for zones from a BAS.
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Figure 64: A typical zone chart using the PNNL Re-Tuning feature in ECAM.
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10.5 Zones Common (compare zones on one chart)

Once the points have been mapped for the zone charts, there is no additional work in creating the
“Zones Common” chart in ECAM. The user just needs to go to the PNNL Re-tuning feature in
ECAM and select the “Zones Common.” This will create one chart that has all of the VAV box
damper positions versus time for the building. The following time-series chart will be created by
ECAM, depending on the availability of the relevant points mapped in ECAM:

e VAV box damper position vs. time (all zones)

If done correctly, the user will see a chart similar to that in Figure 65 below. For this example,
there are only five zones for the air-handler that are plotted on the zones common chart.

Aoy Z_TI_Dmpri_%op = Ayg Z_T|_Dmpr2_%op Avg Z_TI_Dmpr3_%op
o Ay Z_TI_Dmprd_%op = Ayg Z_TI_Dmprs_%op
120.00

o YURY
iZZZMLU UU\M M L 1y M
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Wed, 21 6/2011
Maon, 272152011
Wed, 202312011

Figure 65: Zones common chart in ECAM's PNNL re-tuning feature.
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11.0 ECAM Utilities

The ECAM utilities is comprised of four features that handle situations where new data is
added to an existing ECAM workbook, data from a utility company needs to be converted to
ECAM formatted data, bin-data from temperatures needs to be created, or a worksheet needs
to be copied. Figure 66 highlights this option in the ECAM menu.

g Home Insert Page Layout Formulas Data Review View Developer Add-In
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il Definition of Points
|| &  Create schedules
ﬁ Input Dates for Comparison of Pre and Post
Time Series Charts k G H J K
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entter Char Day Hour Date Time WeekdayNum
[ -
canEr A 1 0 1/1/2006 12:15 AM 75
Load Duration Chart (Foint Frequency Distribution] 1 0 1/1/2006 12:30 AM 75
|| E] Chart to Check Input Schedule (Excel 2007/10) 1 0 1/1/2006 12:45 AM 75
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B ECAM Help

=S| About ECAM
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Bl |

Create Bin Data from Temperatures
Mew Data was added to "Data” worksheet
Copy Worksheet and Update ECAM Chart Source

Figure 66: ECAM Utilities.

11.1 Convert Table format to ECAM List format

This utility item in ECAM is for converting interval meter data received from utility companies.
It is common for this data to have the time of day data in columns, and the dates down rows to
the left of the data. This utility feature in ECAM processes the table into a list that combines the
date and time into a single timestamp. Prior to using the utility, the user may need to make sure
that the times are recognized as times by Excel. An example of a utility company’s data can be
seen below in Figure 67. You can see that the hour of day goes across row 7 and the date goes
down column A. The rest of the data is whole building electricity consumption. If you select
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this feature from the ECAM menu, you will be prompted to select the data to be converted.
Selection of data is similar to the process described in Section 2.1. After clicking OK (after
selecting the data), ECAM will convert the data to something similarto  Figure 68. Now that
the data has been successfully converted, the user can start with the first menu item in the ECAM
drop down menu, “Select Data,” and then map the points and create charts.

x| |= 1MeterDataTable2 xls [Read-Only] [Co
Home Insert Page Layout Farmulas Data Review View Developer Add-Ins

ECAM ~

Menu Commands

K54 - Jx | 416
A B C D E F G H | J K L M

1 Customer Account = 000000-000-0000

2

3

4

5

6

7 Date 15 030 45 1:00 1:15 1:30 1:45 200 215 2:30 245
8 418108 352 352 336 336 304 320 320 320 320 320 320
9 47108 368 368 384 368 352 352 368 352 352 368 384
10 4I6/08 336 352 336 336 352 320 320 320 320 288 304
11 4/5108 336 352 336 336 352 304 320 320 320 320 304
12 414108 368 384 352 352 320 320 320 336 320 320 320
13 413108 368 384 384 384 368 368 352 352 336 352 352
14 4/2108 336 336 320 320 320 320 336 320 304 320 320
15 41108 320 336 320 320 288 288 288 304 288 288 272
16 | 3/31i08 368 352 368 336 320 320 336 336 336 320 336
17 | 3130008 336 352 352 352 336 320 304 320 304 304 288
18 | 3/29/08 384 368 368 320 336 336 320 320 320 320 320
19 | 3128008 368 336 352 352 336 336 336 352 336 352 352
20 3127108 352 352 336 352 336 336 320 320 336 336 336
21 3126108 384 400 384 336 336 320 336 352 352 352 336

Figure 67: Utility company data example.
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2 418108 23:59 368
3 415108 23:45 368
4 415108 23:30 384
5 415108 23:15 368
6 415108 23:00 448
7 418108 22:45 464
B8 418108 22:30 448
9 418108 22:15 464
10 418108 22:00 464
1 418108 21:45 512
12 418108 21:30 736
13 418108 21:15 752
14 415108 21:00 736
15 415108 20:45 736
16 415108 20:30 752
17 415108 20:15 752
18 418108 20:00 764
19 418108 19:45 800
20 418108 19:30 800
21 415108 19:15 216

Figure 68: Utility company data after ECAM has converted it.

11.2 Create Bin Data from Temperatures

This menu item is intended to be used if outdoor-air temperature data was unavailable at the
onset, but was then added at a later date. When adding the temperature data to the file, make
sure the timestamps for the weather match that of the ECAM spreadsheet. Once verified, paste
the outdoor-air temperature data into a new column in the ECAM spreadsheet and then click on
the “Create Bin Data from Temperatures.” ECAM will bring up a window asking if ambient
temperature data is included. After selecting yes, ECAM will prompt the user to select the
column where the ambient temperature data is, and the user can click any cell in the outdoor-air
temperature column. Now, ECAM will create bin data for temperatures, and the user should
open up the “Definition of Points” feature in ECAM and properly map the outdoor-air
temperature point.

11.3 New Data was added to “Data” Worksheet

This option in ECAM allows the user to add additional data to an existing ECAM worksheet and
the program will update to include the data when this feature is selected. If additional trend data
is gathered, i.e., more timestamps or more points, it can be pasted into the “Data” worksheet in
the appropriate place. This utility feature makes sure that the additional data is available to all of
the features and previously-created menus and charts.
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11.4 Copy Worksheet and Update ECAM Chart Source

It is often useful to copy a worksheet and chart so that the chart can be displayed with various
filters applied using the PivotTable PageFields. ECAM provides many possibilities, but a single
chart is limited to one category separate from the independent and dependent variables. A built-
in ECAM chart can show average load profiles by daytype, or average load profiles by month,
but it can be useful to show load profiles by daytype for different months. This is easy to do
with the PivotTable PageFields, but it uses the same chart. The user cannot look at two different
months at the same time. This utility feature of ECAM allows the user to do that.

To keep the chart for 1 month and create a second chart for a second month, the user needs to
simply click on this feature in ECAM while in the chart of interest. After the copy has been
made, the user can select the new month or filter of interest and re-name the sheet to identify that
the two charts are comparisons of the same chart type, but for different months, etc.

Another possibility for making a copy is that the user can change the default name of the
worksheet created by ECAM, and then run the specific chart again from the menu item. Then
the user could choose the filter of interest and compare the two charts. Either way works fine,
but the built-in feature in ECAM is quicker and more efficient for making copies of charts.

It should be noted that if the user simply right clicks on the sheet and creates a copy manually
that the linkage between most ECAM charts and PivotTables is broken. This menu item is
necessary because it maintains the linkages between the charts and PivotTables.

Another note is that this utility works for most chart types, but is not necessary, and will not
work properly for “Load Profiles as Box Plots.” For this chart type, just copy the worksheet
normally, and then click OK if any message questions pop up regarding an existing defined
name.
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12.0ECAM Help

The ECAM help tool has an “ECAM In-tool Guidance” feature that provides users with guidance
and context for all of the primary ECAM features. Example charts are also available to give
users an idea of what the output for each of the charting functions should look like. Users can
reference the “ECAM In-tool Guidance” feature while also working in ECAM. In addition to the
“ECAM In-tool Guidance,” there are a series of video tutorials available at the California
Commissioning Collaborative website (http://www.cacx.org/PIER/ecam/) that cover the most
common ECAM features and functions.
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13.0 Known Issues and Reminders

The following list summarizes known issues of this tool:

Closing the “Input the Data Range” selection box using the “X” instead of the OK
button will result in an error message. No other problems should result.

In defining the points, when first opening the form, the user needs to de-select and then
re-select a choice under “Subsystems” to get the next list of “Subsystem Components”
to show up.

Input schedules are “remembered” by the application. The schedules, however, don’t
show up in the “Input Schedule Information” form if the workbook is saved and re-
opened.

In Excel 2003, the toolbar menu disappears if a chart is selected. Click on the
worksheet, and the menu will reappear.

For most metrics and charts, number of digits displayed is not adjusted for the number
of significant digits.

Calendar charts fail with an inapplicable message box if “Select Multiple Items” is
checked for selecting “Month” or “MonthYT,” even if only a single item is selected.

“Create 3D Load Profile,” “Create Energy Colors,” and “Load Profile Calendar” will
all fail if a “Load Profile by Day” is not created first, and a single “Month” or
“MonthYr” is selected.

The following is a list of reminders when using the tool:

One important note regarding the automated charting is that the user should not put
anything in cells directly below the PivotTables.

The name should be changed for any tool-created worksheets that you wish to save,
prior to creating a related metric or chart. Otherwise the work may be lost, because a
new worksheet will overwrite any prior worksheet with the same name.

Some of the filter drop downs for metrics pages and PivotTables are redundant for
certain procedures. For example, a typical metrics table shows the average value of
the selected parameter(s) for the following categories: All Periods, Weekdays,
Saturdays, Sundays, Occupied, and Unoccupied. The filter selections, however,
include Daytype, Weekday, and Occupancy. Use of these selections will just result in
an error value for the categories that filter to an empty set when using the drop down
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(e.g., selecting Weekday of “Wednesday” will result in “N.A.” values for Saturday
and Sunday).

Run “Load Profile by day,” and select a single “Month” or “MonthYr” prior to
creating a “3D Load Profile,” “Energy Colors,” or “Load Profile Calendar.”
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