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Part lll: Webinar Outline

» Main tools and components of ECAM
m Data Input (INPUT)
o Select Data (user interaction)

» Definition of Points (Mapping)
4 Mapping Air-Handling Units (user interaction)
4 Mapping Zones
4 Mapping Physical Plant

= PNNL Re-tuning (OUTPUT)
o AHU Charts (Scatter and Time-Series, user interaction)

e Zone Charts (Time-Series)
4 Zones Common

« Central Plant Charts
» Examples of good and bad operation
» Other ECAM capabilities
m Future improvements and modifications %
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ECAM Basic Workflow (INPUT Data)

Select Data
(required)

Definition of Building area &
points Voltage for 3-phase equipment
(required) (optional)

Create
schedule
(optional)

v

Pre and Post
Project
Comparison
(optional)

Required = essential for generating charts "’XZ/
Optional = PNNL Re-tuning charts do not require these items. In contrast, they are ~ Pacific F_‘f‘?,’“}WEE? ‘
very useful when analyzing interval meter data. R

To create any charts (whether whole building or retuning), the first two items of ECAM
must be completed.
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Resulting .csv file from Webinar #1

@do-e-= - — “ o firHandlerscsv - Microsaft Excel o
n Home  lInset  FPagelsyout  Formulass  Data  Revew  View  Developer | Adddns
ECAM =

Menu Commands

Al - £ oDate
[ A | B C D E F G H 1 ] K L M N o

Time MT0401A - AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT

3/24/2011 0:00 52.34167 72.1855 0 0 60.0633 68.0811 683023 58.1684 0 0 0 -0.02761 14
3 3/24/2011 0:10 52.21875 72.1855 0 0 60.1125 68.0811 68.2614 58.0047 0 0 0 -0.02783 14
4 3/24p011 0:20 52.09595 72.1855 ] 0 60.1616 67.9992 682614 57.8818 0 0 0 -0.02761 14
5 3/24/2011 0:30 51.85028 72.1855 0 0 60.2599 67.9582 68.1794 57.6771 0 0 0 -0.02805 14
6 3/24/2011 0:40 5172742 72.1855 0 0 60309 67.9582 68.1794 57.5543 0 0 0 -0.02805 1.4
7 3/24/2011 0:50 51.60461 72.1855 0 0 60.3582 67.9582 68.1386 57.3495 0 0 0 -0.02871 14
8 3/2a/2011 1.00 51.64557 72.0343 0 0 603418 67.9582 68.1386 57.3905 0 0 0 -0.02805 14
9 3/24/2011 1:10 51.64557 72.0343 0 0 60.3418 67.8354 68.0566 57.2676 0 0 0 -0.02827 14
10 3/24/2011 1:20 5242352 72.0343 0 0 60.0306 67.7126 68.0158 57.4723 0 0 0 -0.02783 14
11 3/24/2011 1:30 52.30066 72.0343 0 0 60.0797 67.7126 68.0158 57.4723 0 0 0 -0.02849 14
12 3/24/2011 1:40 5242352 71.9966 ] 0 600306 67.7535 68.0158 57.5133 0 0 0 -0.02827 14
13 3/24/2011 1:50 53.4881 71.9966 0 0 59.6048 67.7944 67.9748 57.7999 0 0 0 -0.02827 14
14 3/24/2011 2:00 53.07867 71.9966 0 0 59.7685 67.7944 679338 57.4723 0 0 0 -0.02805 14
15 3/24/2011 2:10 52.71014 71.9966 0 0 59.9159 67.7944 67.8929 57.2676 0 0 0 -0.02849 14
16 3/24/2011 2:20 52.38257 71.9966 0 0 60.047 67.7944 67.8519 57.2267 0 0 0 -0.02827 14
17 3/24/2011 2:30 52.66919 71.9966 0 0 59.9323 67.7535 67.811 57.1858 0 0 0 -0.02827 1.4
18 3/24/2011 2140 528739 71.9966 0 0 59.8504 67.6716 67.7291 57.0629 0 0 0 -0.02827 14
19 3/24/2011 2:50 52.25977 71.9966 0 0 60.0961 67.6307 67.6881 56.981 0 0 0 -0.02849 14

—
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The header names will look different if the file was saved as an extension xIsx (the headers
will have the wrap text function applied to them). If it was saved as an extension csv, then
it will look like this.



ECAM Basic Workflow (INPUT Data)

e bl e Optional for generating additional
PNNL-retuning ,~ :
i ¥ charts and/or metrics
7 — — © irHandlerscs - MicosotBeel
Page Layout inmm«l Data View Developer Agd-dng
~ (I_I
INPUT DA’
Create Schedules
8 Input Dates tor Comparizon of Pre and Post I | \

Tine Sefies Chats D E: F G H I J K L M N
I tosa i s 8ox s s 20720 HU-5 MTAHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT

Seafter Charts * 72.1855 0 0 60.0633 68.0811 68.3023 58.1684 0 0 0 -0.02761
b oaaDurton cha Point requeny Dstuton) 72,1855 0 0 60.1125 68.0811 682614 58.0047 0 0 0 002783
|G untocnaiou Shemte Be ROAD 72,1855 0 0 60.1616 67.9992 68.2614 57.8818 0 0 0 002761
| s * 72.1855 0 0 602599 67.9582 681794 57.6771 0 0 0 -0.02805
(W& Metrics for Points Nommalized per Sa. Foot 72.1855 0 0 60309 67.9582 68.1794 57.5543 ] 0 0 -0.02805
[ Gt otnerietns * 72.1855 0 0 60.3582 67.9582 681386 57.3495 0 0 0 002871
o B " 72.0343 0 0 603418 67.9582 68.1386 57.3905 0 0 0 -0.02805
| e ' 72.0343 0 0 603418 67.8354 6B.0SG6 57.2676 0 0 0 -0.02827
1 i }7’2.0543 0 0 60.0306 67.7126 68.0158 57.4723 0 0 0 -0.02783
i 72.0343 i 0 600797 67.7126 68.0158 57.4723 [} 0 0 -0.02849
Blesss 71.9966 0 0 60.0306 67.7535 680158 57.5133 [ [ 0 002827
1o opewzuss — 1av- ddmoor 719966 0 0 59.6048 67.7944 67.9748 57.7999 0 0 0 002827
14 3/24/2011 2:00 53.07867 71.9966 0 0 59.7685 67.7944 679338 57.4723 0 1] 0 -0.02805
15 3/24/2011  2:10 5271014 719966 0 0 599159 67.7944 67.8929 57.2676 o o 0 002849
16 3/24/2011  2:20 5238257 71.9966 0 0 60.047 67.7944 67.8519 57.2267 0 0 0 002827
17 3/24/2011  2:30 5266919 71.9966 0 0 599323 67.7535 67.811 57.1858 0 0 0 -0.02827
18 3/24/2011 2:40 52.8739 71.9966 0 0 59.8504 67.6716 67.7291 57.0629 0 0 0 -0.02827
19 3/24/2011 250 52.25977 71.9966 0 0 60.091 67.6307 67.6881 56.981 0 0 0 -0.02849
20 3/24/2011 300 5176837 71.8454 0 0 60.2927 67.5488 67.6472 56.7763 0 0 0 -0.02805 \g%
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Home  Iniet  Pagelsjout  Formuls  Data  Review  View  Developer | Adddns

Seleet Data
Hl Definition of Points

Create Senedules

Input Dates for Compatison of Bré and Post

Time Series Charts > } F 6 H 1 £l K

T — AT AHU-S MT AHU-S MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT
0 60.06332 68.08109 68.30231 58.168%4
f 0 60.11243 68.08109 68.26135 S58.00468
Load Duration Chart [Point Frequency Distribution) | 0 60.16162 67.99918 6826135 57.88182
Chart to Check Input Schedule (Excel 2007/10) | 0 £0.25989 £7.95822 £8.17944 57.67711
0 60.30902 67.95822 6817344 57.55831
0 60.35815 67.95822 68.13855 57.34953
‘Metrics tor Points rmalized per 5q. Foot I 0 60.34177 67.95822 68.13855 57.39049
Create Qther Met ’ 0 60.34177 67.83536 68.05664 57.26762
Dato Summaties 3 0 60.03058 6771255 68.01575 57.47234
PNNL Be Tuning v 0 60.07973 67.71255 68.01575 57.47234
0 60.03058 6775351 68.01575 57.51329
0 59.60475 67.7344 67.97479 57.79991
0 59.76852 67.7944 67.93378 57.47234
ECAM Help 0 59.91594 677944 67.89288 57.26762
L@ avoutecam 0 B0.04697 67.7944 67.85187 57.22673
L/ STZRT0LE U L0 TIIIOY 0 59.93231 6775351 67.81097 57.18578
18/3/24/2011 240 52.8739 7199658 0 59.85043 67.6716 67.72906 57.06291
15 3/24/2011  2:50 5225977 71.99658 0 60.09603 67.63065 67.68811  56.981
3:00 51.76837 718454 0 60.29265 67.5488 67.64722 56.77629

Seatter Charts

Matrix Charts

Data-Driven Models and M.

ECAM Utilities

Pacific Northwest
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Note: The raw data file will not be modified. Rather, ECAM uses the data selection to
create a new workbook that recognizes the timestamp, and creates multiple columns for
Year, Month, Day, Hour, Date, Time, WeekdayNum (i.e., 1-7, with Monday being 1 and
Sunday being 7), Daytype (i.e., Weekend, Weekday, Holiday), and several outdoor-air
temperature categories (if outdoor-air temperature exists in the data) such as temperature
bins and temperature range.



Data Input: Select Data cont.

b Step 2: Select the correct timestamp format

Time Stamp Definition [gl

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 Column " Two Columns

................................. 4

Y
i

QK
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Note that for this file, the time stamps are in 2 columns instead of 1.



Data Input: Select Data cont.
> Step 3: Select the range of cells that contain the data

Input the Data Range

Select the range of cells with vour data.

‘fou should select the Full range (both rows and
columns), including the headers (Point Mames), and all
the records (time stamps) you want to include.

The Point Mames will be assumed to be in the First row of
the selected range.

;J OK

Tip: Click the 1% cell on the upper left, hold Ctrl+Shift and press
the right & down arrows on the keyboard to select all of the data.

Note: If the data contain empty cells, the above tip will not work. !
Thus, if you use the tip. be sure that all data is selected by \37/

scrolling to the end of the excel sheet. Pacific Northwest
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Note: The user should remove any empty cells or rows or columns before importing it into
ECAM. This was handled in webinar #1 during our pre-processing steps.



Data Input: Select Data cont.

> Step 4: Select whether ambient temperature data is included

mE9-e-is
m Home  Insert  Pagelsyout  Formulas  Data  Review  View  Developer
ECAM ~
[ |
Ambient Temperature
Menu Commands
Is Ambient Temperature data induded? ! b - & s1.7m2702
A B_[e o E F [ H 1
You can select any cell in the column of 1 <Date Time  MTO401A-AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT AHU-5 MT
= 2 3/28/2011  0:00 52.34167 72.18549 0 0 60.06332 68.08109 6830231
temperatures to indicate the relevant 3 |3/26/2011  0:10 5221875 7218549 0 0 60.11249 68.08109 68.26135
column, 4 13/28/2011 0:20 52.09595 72.18549 [ 0 60.16162 67.99918 68.26135
5 |3/2e/2011 0:30_51.85028 72.18549 0 0 60.25989 67.95822 68.17944
. ﬂslzalzou 0:a0] 51.72742] 7218549 0 0 60.30902 67.95822 68.17944
. 732200 050 5160461 7218549 = * 66.13855
8 | 3/28/2011 1:00) 5164557 72.0343ff AmOEnt Tempenii e 68.13855
‘ - | 9 3/28/2011 110 5164557 72.0383 || 1s Ambient Temperatire data iuded? | ss.05662
Flaolzasaom 120 s2az52 72043 I - | |fes.0is7s
| 11| 3/24/2011 1:30 s2.30066 72.0343 || ¢ 'S o 68.01575
12 3/2a/2011 1:40 5242352 71.99658 68.01575
\ — ——— = = J | 2 1
— 13/3/26/2011 1350 534881 7199658 s the it Teperatres? | 5737470
14 324/2011 2:00 53.07867 71.99658 E 67.93378
1532802011 210 52.71014 71.99658 || Frore ECAMsC38 - |II 57.89288
16(3/24/2011  2:20 5238257 71.99658 67.85187
17/3/28/2011  2:30 52.66919 71.99658 67.81097
18 3/2/2011 240 528739 7199658 0 0 59.85043 67.6716 67.72906
19/3/28/2011  2:50 52.25977 7199658 0 0 60.03608 67.63065 67.58811
Tip: Click on any cell within the Ambient Temperature column to select Pacific Northwest
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it. The ambient temperature is the same as the outdoor-air temperature.

Note: Having the outdoor-air temperature located at the first column after the timestamp
makes it easy to remember for this step in ECAM.



Data Input: Select Data Result

Pacific Northwest
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Result: ECAM generates a new workbook
P sl i
P
A B < D E G H 3 [} L N 0 P a " 5 1
2
:
:
: —
: T == L k
7 3/24/11 12:00 AM 2011 March  Mar 2011 24 © 3/28/2011 12:00 AM 4 Thursday ~ Weekday No 52 52.5 under 55/ /2
8 3/24/11 12:10AM 2011 Mateh  Mar 2011 24 0 3/24/2011 12:10 AM 4 Thursday ~ Weekday No S2 525 under 5| /2
9 3/24/11 12:20 AM 2011 Mareh  Mar 2011 24 0 3/24/2011 12:20 AM 4 Thursday  Weekday No 52 $2.5 under 55/ /2
10 3/24/11 12:30 AM 2011 March  Mar 2011 24 0 3/24/2011 12:30 AM 4 Thussday  Weekday No 52 52.5 under 55| /2
1 3/24/11 12,40 AM 2011 March  Mar 2011 24 0 3/24/2011 12:40 AM 4 Thussday  Weekday No 52 525 under 55| b2
12 3/24/11 12:50 AM 2011 March  Mar 2011 24 © 3/24/2011 12:50 AM 4 Thursday  Weekday No 52 52.5 under 58/ /2
13 3/24/11 100 AM 2011 March Mar 2011 24 1 3/24/2011 1:00 AM 4 Thursday  Weekday No $2 525 under 55/ 3
14 3/24/11 1:10AM 2011 March  Mar 2011 24 1 3/24/2011 1:20 AM 4 Thursday  Weekday No S2 52.5 under 55| 3/
18 3/24/11 150 AM 2011 March  Mar 2011 24 1 3/24/2011 1:50 AM 4 Thursday  Weekday No 53 52.5 under 55| 3
19 3/24/11 200 AM 2011 March  Mar 2011 24 2 3/24/2011  2:00 AM 4 Thurssday  Weekday No 53 52.5 under 55| 3
20 3/24/11 2:10 AM 2011 March  Mar 2011 24 2 3/24/2011  2:10 AM 4 Thussday ~ Weekday No 53 52.5 under 55| 3
21 3/24/11 2:20AM 2011 March Mar 2011 24 2 3/28/2011 2:20 AM 4 Thursday  Weekday No S2  52.5 under 55/ 3
22 3/24/11 2:30AM 2011 March Mar 2011 24 2 3/28/2011 2:30AM 4 Thursday  Weekday No 53 52.5 under 55/ 3
23 3/24/11 2:40 AM 2011 March  Mar 2011 24 2 3/24/2011  2:40 AM 4 Tllulmw ‘Weekday No 53 $2.5 under 55/ 3
25 3/24/11 2:00AM 2011 March  Mar 2011 24 3 3/24/2011 3:00 AM Weekday No 52 3
2 3/24/11 320 AM 2011 March  Mar 2011 24 3 3/24/2011 3:20 AM Weekday No 51 s Y
28 3/24/11 3330 AM 2011 March  Mar 2011 24 3 3/24/2011 3:30 AM 4 Thussday  Weekday No 52 52.5 under 55| 3
30 3/24/11 3:50 AM 2011 March Mar 2011 24 3 3/24/2011 3150 AM 4 Thursday  Weekday No S1 525 under 55| 3/
3 3/24/11 4:00 AM 2011 March Mar 2011 24 4 3/24/2011 4:00 AM 4 Thursday ~ Weekday No 51 525 under 55| 3
2 3/24/11 4:10 AM 2011 March 24 4 3/24/2011 4:10 AM 4 Thursday ~ Weekday No 50 52.5 under 55| y
33 3/24/11 £;30AM 2011 March 2 24 4372402011 4:30AM Weekday No S0 52.5 under 55| 3
1 3/24/11 4:30 AM 2011 March Ma- 2011 24 4 3/23/2011 4:30 AM Weekday No 50 52.5 under 55| ¥
Bk T = g e
Note: Some columns in the new workbook will be blank (i.e
5
DaySchedule, Occupancy, and DateRng). These can be filled by
alternate ECAM menu items, but are not necessary for basic re-tuning ‘*?/”/
functions, and will be omitted for this walkthrough. Pacific Northwest

Note: It is a good idea for the user to save the new workbook before continuing so that the
process does not have to be repeated if a mistake is made. Save the file as an extension
xlsm (macro-enabled workbook). ECAM now recognizes the timestamp, and creates
multiple columns for Year, Month, Day, Hour, Date, Time, WeekdayNum (i.e., 1-7, with
Monday being 1 and Sunday being 7), Daytype (i.e., Weekend, Weekday, Holiday), and
several outdoor-air temperature categories (if outdoor-air temperature exists in the data)
such as temperature bins and temperature range.
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Data

[ seieaaty
i pefinition of Points:
M © Coeate scheoules
5 o Comparkson of Bre and Post

Bax Prots fExcel 2007/10]

Chat Poirt Frequency Distribution)
Check Input Scheduie [Excel 200710}

art

:]\'ear Menth MonthYr Day Hour Date Time WeekdayNum W
+ J0AM 2011 March  Mar2011 24 0 3/24/2011 12:00 AM
* .0AM 2011 March Mar 2011 24 0 3/24/2011 12:10 AM
* 10 AM 2011 March Mar 2011 24 0 3/24/2011 12:20 AM
' 10 AM 2011 March Mar 2011 24 0 3/24/2011 12:30 AM
" J0AM 2011 March Mar 2011 24 0 3/24/2011 12:40 AM
0 AM 2011 March  Mar 2011 24 0 3/24/2011 12:50 AM
srzaprra00 AM 2011 March  Mar 2011 24 13/24/2011 1:00 AM
14 3/24/111:10 AM 2011 March Mar 2011 24 1 3/24/2011 1:10 AM
15 3/24/111:20 AM 2011 March Mar 2011 24 13/24/2011 1:20 AM

ts Namalized per Sq. Foot

Data-Driven Modets and MY
ECAMLtilter
ECAM Help
W zbout ECAM
Ty

Pacific Northwest
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Note: The number of points trended and exported from the BAS can be very large (i.e.,
2,000 points). However, only certain points are necessary for ECAM to generate useful
charts to analyze. Thus, mapping the points of interest in ECAM allows the user to keep all
data in the workbook, but only utilize that which is useful for generating charts to analyze.



Data Input: Definition of Points

» Step 2: Input the building area and voltage for three-phase
equipment (if known)

Building Information @

What is the building area?

| 100,000 sq. fest

What is the Voltage for
3-phase equipment?

I 480 WYolts
OK I

Tip: ECAM needs this input to create metrics. However, PNNL re-tuning does not require this
input and thus the default values (e.g, building area = 100,000 sq.feet and 3-phase voltage = 48

V are acceptable). 1

Pacific Northwest
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Tip: ECAM needs this input to create metrics. However, PNNL Re-tuning does not require
this input and thus the default values (e.g, building area = 100,000sq.feet and 3-phase
voltage =480 V are acceptable).




Data Input: Definition of Points Cont.
» Step 3: Define or “map”ithe points

- T - - —— -
Subsystem Component
Mapped Points Components: Measurements oy
T = T Terete
et o 5
o Fearm
Feoer oy e s
o] |
s
Conce i
r— i
o= ]
!
!
i
i
f
= I:»-Nm ﬁlT

Points List: Consists of the header names in the “data” sheet

Subsystems: A list for different systems inside of the building for the user to cycle between
when defining specific points.

Subsystem Components: The individual components for the subsystem chosen.

Component Measurements: Specific measurement (with units) for the subsystem and
component chosen

Component ID: ECAM designation allowing for multiple components to be mapped, and
generate charts for different components (i.e., air-handling unit 1 and air-handling unit 2).
The user should map all components for a specific system with the proper Comp. ID.

Mapped Points: New name given by ECAM once the point has been mapped. e

Pacific Northwest
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Note: The Definition of Points window needs to be refreshed before mapping any points. To
do so simply click on any subsystem and everything else will refresh.



Data Input: Definition of Points Cont.
» Step 3 Detailed Example: Walkthrough

Define Dota by System Equipment, aod Mezmaement S . — —

Points List Mapped Points

Time
MTO40 1A - AC2.0AT Bidgl T
AHU-5 MT04024 - AC3.AVGZN-T

ACLOGL Heating Plant
-ACIDMPRC
-AC3.DATSP

=
» !
~AC3DAT A Cancel
~ACLMAT Zone:
M -ACIRAT
Done >

I - AC3.5F Command

5 & &

3
i
&
A
é

- ] I
M A o =l comim: [T

Click on MT0401A — AC2.0A-T under the “Points List”
Click on “Bldg” under “Subsystems”

Click on “Ambient” under “Subsystem Components”

Click on Bldg_TempOa under “Component Measurements”

Click on “Map Point”

{

Pacific Northwest
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Note: Identifying what each point name from the BAS is can be confusing unless you are
the one who set up the trends. Generally, the end of the point name will give a good
indication of what the point that is trended corresponds to.
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Data Input: Definition of Points Cont.
> All points defined correctly should look like this:

Define Data by System, Equipment, and Measurement - & s - T —— e - [=x=)
Subsystem Component
Points List Mapped Points ‘Components rements rielp
Bidg T [ s DutiPe
MTD401A - AC2.0AT Eidg1_TempOa = Fan_Supoly
Pant Fen Retm AHJ_TempOa m
w-snmos0zal a3 fiGC aku_viv_CC1_e0p Heating Prant Coi Caoing AU TenpRa
I | #-srmonzy foerc A+ Do _OA2_Shop G Distrbution Col_beating Tempita i
AHU-SMTDA02A ACIRATSS ) Hil o Darmpers AU TempSa
AMU-SMTOA02A ACIRAT A1 TempSa U TempSatp Cancel I
AHU-SMTONAR ACIRAT U1 Tempiva Zune A Status
A5 MTDa02At ACIAAT U1
AFDC AU Fan_R1_%Spd I
AHU-SMTO40244 AC3AFAFDC MU Fan 51 %50d Done >
AHU-5 MTO40248 AC3 §F Command |
AHU-SMTOA02AK AC3.JPRES? U1 Ductstcpres I
3 m
|| Aoy A IGHT AT I I
-1 Mol AC2BGC AU W CC2_%eop 1 I
1 »ulmmutnc:_ < Iwmmzml
AHU-1MTOADIAL AC2RATS? AU T 1 i
J| #rivmosiag acaaT [z Temess 1 f
M- MTos01AL AC2 AT AHU2 Tempiva |
| AriwTomug Acalat JrvLTenes L
AHU-1 MTOA1AL AC2RFAFDC AHU_Fan_R2_%Sod I
|| Aoy ackoroc e | |
1 14 xz;nsmmm 1 A l
i w:mﬂuz 1 lw:_aasm 1 = Comp. 10: - [_2 I

B Pointszr_ﬂaﬂleM_I:I > Points for air-handler 2 _"_3
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Note: Comp. ID changed to “2” to map second air-handling unit

Note: although it is clear (per the Points List) that the air-handlers for this building are AHU-
5 and AHU-1, ECAM will label the air-handlers as AHU-1 and AHU-2. This is because of the
ECAM naming convention, so the only way to identify which AHU is from the building is to
label the corresponding charts that are created.



Definition of Points: Result

ECAM defined point names show up in row 6, and BAS
point names are moved up to row 4 as a reference for the
user:

e o= —— T — o
B cme e migelwost  Fomusr  Data  Renew  View  Dewiope | Aot
ECAM +

% TTES EULOy
0 60.11249 68.08109 68.26135 58.00468

S T
3/24/11 12AM 5221875 72.18549

-0.02783 14 74.30426 0 6011249 69.40546
3/24/11 12AM 52.09595 7218549 0 60.16162 67.99918 68.26135 5788182 0.02761 14 7430426 0 60.16162 69.32361
3/24/11 12AM 5185028 7218543 0 6025969 6795822 68.17344 ST.677LL -0.02805 14 7430426 0 60.25989 69.28265
3/24/11 2AM 5LTIT82 7218549 0 6030902 6795822 68.17944 $7.55431 ~0.02805 14 7430426
3/24/11 12AM 5160461 7218549 0 6035815 67.95822 6813855 57.34953 14 7430426 0 60.35915 65.15985

3/24/11 1AM SL64557 720343
3/24/11 1AM SLE4SST 720343
32411 1AM 5243352 720043
3/26/11 1AM 5230066 720343

0 6034177 6795822 68.13855 5733049
0 6034177 6783535 68.05664 57.26762
0 60.03058 67.71255 68.01575 S7.47234
0 6007973 6771255 6801575 57.47234

-0.02805 14 7430426
-0.02827 14 7437388
-0.02783 14 7437388
-0.02849 14 7430426

0 60.34177 69.03899
0 60.34177 6B.35508
0 60.03058 68.87317
0 60.07973 68.70941

scococssoosad)

T T
0 0
0 0
0 0
0 0 0 60.30902 69.417
0 0017 0
0 0
0 0
0 0
0 0

sl EikEEhel=]

-
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You can see the difference here, where the names at the top are AHU-5 and the bottom
shows AHU-1



Quick Revision —ECAM Basic Workflow

INPUT Data

Select Data
(required)

Definition of Building area &
Points Voltage for 3-phase equipment
(required) (optional)

Create
Schedule
(optional)

v

Pre and Post
Project
Comparison
(optional)

Required = essential for running the PNNL Re-tuning charts RH
Optional = PNNL Re-tuning charts do not require these items. In contrast, they are PaCifVigT Wﬁg{?'};ﬁﬁtw
very useful when analyzing interval meter data. o '

Required = essential for running the PNNL Re-tuning charts
Optional = PNNL Re-tuning charts don’t use these items. In contrast, these are used
for creating metrics (e.g., W/sq.ft, etc.) for interval meter data.



PNNL Re-tuning Charts

Pacific Northwest
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PNNL Building Re-tuning Charts

» The PNNL building re-tuning menu items are designed to
automatically create charts for analysis, to aid in
identifying and correcting HVAC problems. The output
charts are the result of the data input in the previous
steps.

4 2 H24/2011 Z10AM
4 2 3/24/2011 220AM
2 2 3fon 2304M

2 3/28/2011 240 AM
s 2 3/28020m 230AM
1124 3 3/24/2000 3:00AM

\,,,){3(,}/ :

Pacific Northwest

Notes

Selection of each menu item creates a separate worksheet (with the related charts) for
each relevant building re-tuning focus area. For example, if there are five air-handling
units (AHUs), five worksheets will be created, one for each AHU. The data range for
each chart is consistent.

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.

Minimum of 2-weeks of data collection before analysis, to get a bigger picture of how
the building is performing, at a collection frequency of 5-30 minutes.

22



Analyzing PNNL Building Re-tuning Charts

» Several guides to re-tuning measures have been created
and posted on PNNL'’s website to help users identify
opportunities for improvement to AHUSs, chillers, boilers,
etc. http://www.pnnl.gov/buildingretuning/retuning_measures.stm

» Specific guides posted include:

Air-Side Economizer Operation

AHU Static Pressure Control

AHU Discharge-Air Temperature Control

Occupancy Scheduling: Night and Weekend Temperature Set
Back and Supply Fan Cycling during Unoccupied Hours

Zone Heating and Cooling Control
Central Utility Plant Cooling Control
Central Utility Plant Heating Control
AHU Minimum Outdoor-Air Operation
AHU Heating and Cooling Control

Pacific Northwest

Note: The goal is to have user’s generate charts using ECAM, and then identifying
opportunities by looking at these guides as aid in analysis. Each guide shows examples of
good and bad operation, utilizing charts generated in ECAM. Future guides to be posted on
the website include rooftop unit controls, and optimal start and night set back.
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Air-Handling Unit (AHU) Trending Guidelines

» If there are fewer than 6 AHUs in the building,
recommend trending all AHUs.

» If the building is less than 4-stories tall, pick at least one
AHU from each floor.

» Trend a maximum of 10 AHUSs.

» Don'’t pick an AHU that is operating the “best,” rather take
a random sample of AHU's to monitor.

» If possible, choose from AHUs that are most common
throughout the building in configuration and layout.

el

Pacific Northwest{
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Air-Handling Unit (AHU) Charts (INPUT)

» To identify operational problems and make corrections for
air-handling unit operations, the following points should
be trended and collected from the BAS at 5-30 minute
intervals:

» Qutdoor-air temperature (OAT) * Return-air damper position
+ Mixed-air temperature (MAT) « Qutdoor-air damper position
+ Return-air temperature (RAT) * Exhaust-air damper position
« Discharge-air (supply-air) + Fan status

temperature (DAT) Fan speed (on both supply and
+ Discharge-air temperature set point return fans, feedback or

(DATSP) command)

Discharge (duct) static pressure + Cooling coil valve command

« Discharge static pressure set point * Heating coil valve command

Pacific Northwest

Note: The outdoor, exhaust, and return-air damper commands often will come as one
command from the BAS (these three dampers work together to control how much air is
being exhausted out of the building, returned into the mixed-air stream, and fresh air
brought in from the outside). Also, humidity can be trended, but is not used in ECAM.
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Air-Handling Unit (AHU) Charts (OUTPUT)

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

+ OQutdoor-air (OAT), return-air (RAT), mixed- ¢« Outdoor- and return-air damper position

air (MAT), and discharge-air (DAT) signals vs. time
temperatures vs. time » Discharge (duct) static pressure and set
+ Discharge-air temperature and discharge-air point vs. time
temperature set point vs. time + Supply fan speed, discharge static
+ Outdoor damper position vs. time pressure vs. time
+ OQutdoor- and return-air temperatures, » Return fan speed and status vs. time
damper position signal(s) vs. time * Supply fan speed, return fan speed vs.
+ OQutdoor damper position, cooling coil and time

heating coil valve commands vs. time

Pacific Northwest
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Air-Handling Unit (AHU) Charts (OUTPUT)

» The following scatter charts will be created by ECAM,
depending on the availability of the relevant points
mapped in ECAM:

Discharge-air temperature (DAT) vs. discharge-air temperature set point
+ Cooling-coil valve command vs. heating-coil valve command
+ Outdoor-air damper position (OAD) vs. outdoor-air temperature (OAT)
+ Mixed-air temperature (MAT) vs. outdoor-air temperature (OAT)

\BORATOR

Pacific Northwest
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A REGEE =

Home  Inset  Pagelsyout  Formulas  Dats  Review  View  Developer

[ o
Select Data
o —
Create Schedules
Input Dates for Comparison of Pre and Post

Time Series Charts

Load Profile 35 Box Piots (Excel 2007710)

Scafter Charts

Losd Duration Chart (Point Frequendy Distribution)

Chart to Check Input Schedule (Excel 2007710)

Matrix Charts

Metrics for Points Normalized per Sq. Foot

Create Qther Metrics

Data Summaries

PNNL Re-Tuning | Central Plant Charts
Data-Driven Models and MY AHU Charts

ECAM ilties AHU Seatter Chasty
EcaM Help Zone Charts

R Zones Common (<ampare Zones on one thart)
o -
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AHU Charts Result

» 2 new sheets are generated, “AHU1” and “AHUZ2.” Each
sheet will have 10 charts. Below is a screenshot of AHU1

iu Wlﬁh il

$ m‘ I \N“"‘M- |
E il

WMWWM“

= 2 @ s83s
zE2e28823
Soe D st

7

\,_s(:__g/
Pacific Northwe_st

Note: The legend on each chart will tell the user which points are shown on each chart, and
on some charts both vertical axis are used for different points. Make sure the scale of the
axis makes sense before analyzing the data, and make use of the Pivot Tables to analyze
specific days within the data collection period. Also, this would be the time to rename the
sheets to match that of the BAS AHU names. Demonstration of pivot table and axis in
ECAM. The default ECAM axis label has “Avg” in the name. The user should note that the
data is not averaged, but ECAM calls it an average because of other ECAM menu items that
do use average values. This is a cosmetic feature that is being changed, but the user can
change the axis name if it appears confusing.
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Analyzing AHU Charts

» User Interaction: Click on “AHU2” in the ECAM workbook,
and use the PivotTable to select Month>March, and
Day>(24t% and 25™). This will be demonstrated on screen
now, and analysis will follow in the upcoming two slides.

» From the Air-Side Economizer Operations guide to re-
tuning measures
m “When the cooling coil is open, is the outdoor-air damper fully
open, if the conditions are favorable for economizing?

o How do | determine if the conditions are favorable for
economizing?

4 See the control guide and reference the suggested action portions for
recommendations, and examples of good and bad operations.

m See the following slides for analysis

=z

Pacific Northwest
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Material from Air-Side Economizer Operation
Guide to Re-tuning Measures

—0AT CCV —O0AD —O0AT CCV ——QAD
100 100 120 - = = . 120
e 3 = |Good Operation: Cooling coil operates once outdoor-air|
go |Bad Operation: Outdoor-air damper only partially open| 4, q S 3 S
5 A 7 damper is open 100% and load is not satisfied
i when the cooling coil operates during favorable w0 100 | - = Y - R 100
economizing conditions \ _
70 Outdoor-air damper 0 F . g | lgn &
e} positionsignal Outdoor-air temperature = & Outdoor-airdamper E
= 60 60 © 5 position signal =
5 e 23 6| | 60 =
2 50 e 7| S 0 o & Outdoor-airtemperature 2
I B N L~ 38 | _'_.——rﬂ\'h._—w-_ﬂ_/ 5
E N E 40 | — 40 7
= 3 8 F Cooling coil valve <
2 2 2 | :‘;"“' 20
10 coolingcoil valve 10 |
| RS 0 | 1Y i | 0
0 1 I I | ! signal 0 5 : 3 - = = pe e
Z z FS S ES Z S g 2 2 s 5 3 3 g s
g & =8 s =5 8 = s T £ & & § 8 8§ &
& & a & B = S & = = = = = = = o
= = ® 5 ~ 3 by S 5 = 5 % & = ] s
= 5 = 5 g ) ] 3 E s ik o = =
* 5 = Fi i) < = = 2 5 2 = & £ £ =
g # g & &g = g ¢« F F

Pacific Northwe:
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Note: As the user can see, an example of bad operation results when the outside-air
damper (OAD) is partially open and the cooling-coil-valve (CCV) signal is also sending chilled
water through the coil. If this occurs during conditions that are favorable for economizing
(i.e., OAT<55), then the OAD should open up fully before the cooling coil opens up. The
chart on the right shows an example of good operation, when the OAD is open 100%
before the cooling-coil-valve is opened up.



Data Analysis from Air_Handlers.csv

—— g Bidg! Temga ——jug AHUZ TemoSa g AMUZ Templla g AKU2 TempRa

0 Outdoor-air fraction:

e, 5 (OAF) = [(MAT-RAT)/(OAT-RAT)]

oo #"_ + Does it match the what the

- OAD indicates?

“an * When analyzing the charts,
AL e the MAT should always be

fan) = 1 31 3z
Month March X E 8 s
Monthyr (All) ¢ 3
Hour (Al 3
Occupancy (Al . §
weskdsy (Al g
Day {Muitiple ttems ¥
Datype (Al . o AW CC2 S0 o MU D 042 St
Holiday (Al < e _—
Sdeghin  (il)
ideghin (AN)
Temphng ()

between the OAT and RAT or
problems exist

100.00

Good operation: OAD
modulates and
cooling coil valve only
opens once OAD is
100% open and load
is not satisfied

w0
S
mte Clbwetme 4] o 90
=32sf0n 3[25/11150PM O,
syasiiiaoem 2 00
325(111130PM 5
ssmnzoem 2 20
ysinnaeem 8
3/25/1111:00 PM
3/25/111050PM H
25/11 1040 M o
3/25/11 1030 PM
3/25/111020PM
3/25/1110:0PM
3as/111000PM

o

g 2
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Note: When the user modifies the charts with the pivot table, the specified selection will
be saved if the user overwrites the previously saved workbook or creates a new file with
the desired pivot table selection. However, if the user does not save, then the pivot table
will revert back to the last time the file was saved and can be modified each time the user
opens the workbook.

The outdoor-air fraction (OAF) is not something that is calculated by ECAM, but is going to
be an added feature. The user can generate this manually, but the main takeaway is to look
at the mixed-air temperature data and make sure that it is between the outdoor and
return-air temperatures. As the MAT gets closer to the OAT, the OAF gets greater (closer to
1, or 100% outdoor air), and as the MAT gets closer to the RAT, the OAF gets smaller (OAF
closer to 0, or no outdoor air). However, to accurately use the OAF, make sure that the OAT
and RAT have at least 5°F difference between them.
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AHU Static Pressure Operation

» Data from Air_Handlers.csv
m Use this chart to identify when the AHU is turning on/off
m Opportunities?
m Let’'s go to the AHU Static Pressure Operation Control Guide:
o |Is there a reset schedule for the duct static pressure set point?
o What are the scheduled On/Off times for the AHU?

w— Avg AHUZ_DuctStcPres Avg AHUZ_DuctStcPresSp
180 180
160 L 160
p— frreren o ot — PrENSY
140 | o
I 141.5
120 | [ 12%
1.00 | &
H L1008
& 080 E
& Los0 S
2 os0 3
3 ! T
S 040 | 0503
o 1-d
2 0| ros0z
2 000 bl L] L LI 1 o
Ed T T = = = = =
Q202 8 8 8 R g g 0.00
3 & =] = -3 & = ~
: = 3 & & & % =7
EF 8 4 8 B e e Lo

Note: You will notice that the static pressure (red line) is plotted on the primary y-axis (the
left axis), and the static pressure set point (green line) is plotted on the secondary y-axis
(the right axis). Make sure that the scales are the same on these axis before analyzing the
charts. This goes for all charts that utilize multiple axis. If the units on the axis are the
same, the user can either move them both to the primary axis, or match up the scaling on
the axis. Some charts will plot sensors with different units and scales on different axis (e.g.,
the static pressure on the primary y-axis, and the fan speed on the secondary y-axis). In
this case, they have different units and should not be scaled the same.
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AHU Static Pressure Operation

» From static pressure chart on previous slide, it appears
that this AHU is scheduled on from 6:00AM to 8:00PM
Monday through Friday, 6:00AM-2:00PM on Saturday,
and off on Sunday

m Does this match the building occupancy schedule?
o If not, can the AHU schedule be tightened to match the
building occupancy schedule more closely

o Can the static pressure set point be reset to a lower value
during late afternoons when occupants begin to leave? What
about early in the morning?

» Can the AHU satisfy the load by reducing the static pressure
set point on Saturdays if the building is “lightly” occupied?
o How can | reset the static pressure?

¢ See the suggested actions portion of the AHU Static Pressure Operation
Control Guide to implement static pressure reset.

7

Pacific Northwest

Note: In retuning, changing the set point for discharge static pressure or any temperature
or command in the system is the focus when trying to save energy or identify corrective
actions based on the performance of the system.



Home  Inset  Pagelayout  Formulas

Select Data

Definition of Points

Create Schedules

Input Dates for Comparison of Pre and Post
Time Series Charts

Load Profite as Box Plots (Excel 2007/10)
Seatter Charts

Load Duration Chart (Point Frequency Distribution)
Chart to Chedk Tnput Schedule (Excel 2007/10)
Matrix Charts

Metrics for Points Normalized per Sq. Foot
Create Other Metrics.

Data Summaries

PHNL Re-Tuning

Data-Driven Models and My

ECAM nidies

ECAM Help.

YE spoutecam

Review  View  Developer

Central Prant Charts
AU Charts
AHU Scatter Charts
Zone Charts

Zones Commen (compare zones on one chart)
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AHU Scatter Charts Result

» 2 new sheets are generated, “AHUxy1” and AHUxy2.”
Each sheet will have 3 charts. Below is a screenshot of
AHUxy1

o0 b kb v e e pe s - N B

N

Badat_Temotis B2 Tamen -
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Pacific Northwest

Note: There should be a second chart for the cooling coil valve command vs. the heating
coil valve command. However, since there was no heating coil valve command data given
by the BAS, this chart does not show up. Also, the top left chart should be the supply-air
temperature vs. the supply-air temperature set point. ECAM shows the y-axis as the set
point, but in reality it is the temperature and not the set point.

When analyzing the bottom left chart (OAD vs. OAT), there should be a positive linear trend
between 40°F and 60°F. This is because these temperatures are optimal for economizing,
and as the temperature gets closer to 60°F, the OAD should be closer to 100% open, and as

the temperature gets closer to 40°F the OAD should start to close to the minimum position.

This example appears to follow this guideline.
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Temperature (°F)

80

70

60 |

50

40

30 |

20

10

AHU Charts: Examples of Good and Bad

Operation

b From AHU Discharge-Air Temperature Control Guide:
m |s reset being used to control the discharge-air set point?
« The chart on the left shows constant set point during occupied hours
« The chart on the right shows the set point being reset
b See suggested actions portion of guide for implementation

=——=DATSP =m===DAT

Discharge-air temperature
setpoint

Bad Operation: Constant DAT set point, no reset-schedule

217 1200 AM
2HT 600 AM
217 12:00 PM
217 600 PM
2/1812:00 AM
216 6,00 AW

2/1812:00PM

Discharge-air

218600 PM

Temperature {°F)

75

70

65

60

56

e DATSP D AT

Good Operation: DAT is reset to 55°F from 12 PM to 6 PM
(peak load conditions)

Discharge-air
temperature

Discharge-air
temperature setpoint

Thu, 1174 12.00 AM
Thu, 11/4 6:00 PM
Fr, 1115 12:00 AM
Fri, 115 6:00 AM
Fii, 11/512.00 PM
{ Fri, 1165 6:00 PM

Thu, 11/4 6:00 AM
Thu, 11/4 12:00 PM

Pacific Northwest
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Temperature (°F)

AHU Charts: Examples of Good and Bad

Operation

» Does the discharge-air meet set point?

m If not, this can indicate that the AHU cannot satisfy building’s
cooling requirements, bad proportional integral derivate (PID) loop
control, a leaking heating coil valve, or a bad/failing economizer or

control.

———DATSP ==—=—DAT

Bad Operation: never meets set point

Discharge-air
temperatyre 70

65

60

Temperature (°F)

&5

Discharge-air temperature

sgtpoint 50

AM |

Wed, 2116 1200 AM -
Wed, 2116 12200 P
Thu, 217 1200
Thu, 2171200 PM |
Fri, 218 12:00AM |
Fri, 718 1200 PM

Wed 11731200 AM [

=———DATSP =——DAT

Good Operation: Controls to and meets set point during

Wed, 11/36:00AM |

Occupied

Wed, 11/3 1200 PM |

occupied hours

Wed, 11/36.00PM |

Unoccupied

Discharge-air
‘temperature set point
=
=

Thu, 11/4 12:00
Thu, 11/4 6:00 AM

Pacific Northwe

ATIONAL LABORATOR
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Thu, 11/4 1200 PW |
Thu, 1174 600 PM |
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Temperature , OAD

AHU Charts: Examples of Good and Bad
Operation

» From AHU Minimum Outdoor-Air Operation
® Does the outdoor-air damper close during unoccupied times?
« The chart on the left shows the OAD command is constant

» The chart on the right shows the OAD command opening before occupied
times

» Example of good operation on the following slide

—OAT ——0AD — — Occupancy —0AT ——0AD = = Occupancy
120 120 | Bad Operation: OAD open during morning start up every
Bad Operation: OAD always at the minimum position day, and wasting energy
00| =W e - - - 1 100 1
]
80 s 2w :
1 | 1 = s Occupancy | | Outdoor-air
) Occupancy I Outdoor-air | z 5 w0 ] ] -air )
60 I mode —3 | | temperature | E g 1 mode 1 | temperature |
1 ! 1 | 1 ] Eoq 1 ! ! 1
40 ; [Outdoor-airdamper I \ 8 2 | {Outdoor-air damper 1 )
sition sigrial
» : /pnsltlonsig Ial ) ] i | po: g ! I )
1 S [ T I (I / [ l |
5 | ! | ! J i i 11 | ! .
= = = = 3 = = = = =
: ¥ § & f f &§8 § 2 1 = = & & = = & & = =
s £ § 2 8 8 8 B § ¢ E E §E E 8 B B &8 &8 B
& ® o ® o e o = & @
g 2 &8 8 o e & g 2 o e 2 £ & e = & g v
E £ E £ H £ E E T - § 2 § 2 £ E 2 E £ o
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AHU Charts: Examples of Good and Bad
Operation

» From AHU Minimum Outdoor-Air Operation
® Does the outdoor-air damper close during unoccupied times?

+ Good operation below, where the OAD is closed except during occupied
periods, and opens to the minimum position (no economizing) due to warm
outdoor-air temperatures

m  See the control guide for further instruction regarding minimum outdoor-air
operations.

QAT e QAD = = Qccupancy
120 | Good Operation: OAD set to the minimum during
occupied hoursgnd closed during unoccupied hours

100

I
I |
I I
| Occupancy | 1

Outdoor-air |
\ mode —3} | | temperature

60

Temperature , OAD
Occupancy Mode

i

Wed, 514 G:00 PM posms

| I

40 ) |Outdoor-air damper 1
: position sigral \

20

{ !

Thu, 55 6:00 PM e

Fri, V6 GO0 AM e, o= = - -
Ll
o

Thu, 5/5 6:.00 AM |
Fri, 56 12.00 AM

Northwest
IONAL LABORATORY

Wed, 5/4 12:00 AM
‘Wed, 5/4 6.00 AM
Wed, 5/4 12:00 PM
Thu, 5/512:00 AM
Thu, 5/512:00 PM

Pacifi
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Zone Trending Guidelines

» If there are fewer than 8 zones per floor, trend all zones
on the floor.

» For each floor, trend at least one zone on each of the four
directions (north, south, east, and west) and at least four
zones in the core of the floor.

» If the building is less than 4-stories tall, trend 8 zones on
every floor, otherwise trend all 8 zones on every other
floor

» Trend a maximum of 80 zones.

=z

Pacific Northwest
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Zone Charts (INPUT)

» To identify operational problems and make corrections for
zone terminal unit/VVAV unit operations, the following
points should be trended and collected from the BAS for

the zones:
« Zone temperature * Re-cool valve paosition (if supply air is
« Zone temperature set point re-cooled at the zone)

* VAV box damper position Zone CFM

+ Reheat valve position (if supply air is
reheated at the zone) Zone discharge-air temperature

« Zone occupancy mode Fan status, or fan command (for fan
(occupied/unoccupied) powered boxes only)

Zone CFM set point

* e e

7

Pacific Northwest

Note: Many VAV box BAS controllers will only have 5 to 6 of these data points configured.
The zone discharge-air temperature and the fan status/fan command may not exist. This is
ok, the user should trend all points from this list that are available.
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Zone Charts (OUTPUT)

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

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

i

Pacific Northwgs}
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Zone Charts (OUTPUT)

» Example graph for Zone Charts output (this zone has
reheat capability).

Avg Z_TI_Dmpr2_%op —Avg Z_TI2_Rht%

it || i g T TR

80.00 ‘ ‘
RN N i

Avg Z2_Temp

14} »:-ll“.l' ’] "| | |

120.00

100.00

60.00 '
40.00

20.00

0.00

Opening [%)], Reheat [%], Temperature

Fri, 3/25/2011
Wed, 3/30/2011 |
Mon, 4/4/2011
Sat, 4/9/2011
Thu, 4/14/2011
Tue, 4/19/2011 |
Sun, 4/24/2011
Fri, 4/29/2011
Wed, 5/4/2011
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Note: The vertical axis here is shared by all three points, so it represents a percentage open
on the valve and also a temperature. It is important for the user to remember this when
analyzing the charts.



Note:

Zones Common (OUTPUT)
» The following time-series chart will be created by ECAM

+ VAV box damper position for all zones vs. time

« Depending on the building size, hundreds of zones can be generating data, but
a representative sample of interior and exterior zones for each air-handling unit
should be trended and collected by the BAS for analysis.

Hd L -]

O seaom
& Defintion o Points
Creste Seneduies

Mo
B Input Dates for Comparison of Bre and Post
Time Series Charts . F (] H 1
Lk

Loas Profile 35 Box Piots [Excel 2007/10)

U@ svoutecam

7
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Zones Common (OUTPUT)

» Example graph for Zones Common Chart output (this
AHU has 8 zones trended).

120.00

100.00

80.00

Opening ['%4]
8
8

40.00

20.00

0.00
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Fri, 482011

Wed, 41312011 I
Sat, 4/16/2011 —

Sat, 492011
Sun, 41002011
Mon, 4/11/2011
Tue, 411212011
Thu, 41412011

Fri, 4/15/2011
Sun, 411712011
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Won, 4182011

-
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Zone Analysis

» Make sure to map all zones related to a specific AHU in
one workbook, do not mix zones from different AHUs into
one spreadsheet

» See how many zones for that AHU have reheat
commands active

» Use the zones common chart and the pivot table to see
how the dampers are modulating during occupied hours
for that AHU

» Opportunities?

m Zone information is critical when analyzing the performance of the
AHU. The zone loads drive the AHU, and information such as
number of zones in reheat, and VAV box damper position can be
used to aid in discharge-air temperature set point reset and
discharge static pressure set point reset

m Example to follow

Pacific Northwest
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Zone Analysis

» Utilizing the pivot table to highlight one day, you can see
that the damper positions are between 40% and 80%
open during occupied hours. This tells us that these
zones are more than adequately supplied with air from
the AHU.

m Goalis t%!u\ave one zone with its damper between 95-100% open*
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20.00

000 —*H

t
=
o
g
@
&
3

= = = = = = = = = = =
< < < < < < o o a o o
g 8 8 8 8 8 2 8 8 8 8
& & <% © & 8 & & = & o
. &8 8 &8 &8 £ © & =& & =
. b3 c z z N o~ = T £ o -
= 5 = 5 5 = = 5 5 = = 2
P —— Avg Z_T1_Dmpr1_%op ——AgZ T Ompr2 e g 5”&{/
2 s vy Z_T1_Dmpr3_%op w— Ay Z_TI_Dmprd_%o; 3 .
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*Achieving this goal can be found in the suggested actions portions of the AHU Static
Pressure Operation Control Guide.



Zone Examples of Good and Bad Operation

» Reheat at interior zones (if reheat is available at the
interior zone)
m Significant reheat at interior zones can indicate that the minimum

air flow setting for the zone is too high, or the AHU discharge-air
temperature is too low.
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Note: Although discharge-air temperature is not included in these charts, future additions
of ECAM are to add more charts and display them in a way that enable the user to analyze
them more efficiently.



Temperature [°F], Reheat Valve [%]
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Zone Examples of Good and Bad Operation
» |s there night-time set back/unoccupied mode at the zone
level?

m The figure on the left does not have an occupancy schedule, or is
occupied 24/7, and the reheat valve modulates at night

m The figure on the right has an occupancy schedule, and no reheat
during unoccupied periods
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Central Plant Charts (INPUT)

» To identify operational problems and make corrections for

central plant operations, the following points should be
trended and collected from the BAS for the central plant:

Outdoor-air temperature (OAT)
Chilled water (CHW) supply temperature
Chilled water return temperature
Chilled water set point
Hot water (HW) supply temperature

+ Hot water return temperature

+ Hot water set point
Condenser water supply temperature
Condenser water return temperature
Condenser water set point

Each chiller load (current)

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

Each chiller status

Chilled water flow (gpm)

Chilled water differential pressure
Chilled water differential pressure SP
Cooling tower fan speed

Cooling tower fan speed set point
Cooling tower fan status

CHW and HW delta-T

el
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Central Plant Charts (OUTPUT)

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

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

+ CHW flow and OAT vs. time.

Pacific Northwgs}:r
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Central Plant Charts (OUTPUT)
» Example charts for the Central Plant.
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Note: The first chart (top left) is for the chilled water temperatures, the second chart (top
right) is for the hot water temperatures, and the third chart (bottom left) is for the chilled
water pump and outdoor-air temperature.



Analyzing Central Plant Charts

» Questions to ask when analyzing the charts
m Is the chilled water/hot water supply temperature set point reset?

m |s the loop delta-T low (less than 8°F for chilled water, less than
18°F for hot water)?

m Is the loop differential pressure set point constant, and if so, can it
be reset at partial load conditions?

» Examples of good and bad operation to follow

el
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Central Utility Plant Examples of Good and
Bad Operation

» From Central Utility Plant Cooling Control Guide
m |s reset utilized on the chilled water supply temperature?
®m The chart on the left shows no reset

m The chart on the right shows chilled water reset based on outdoor-air

temperature
b Other actions and methods are discussed in the guide
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Central Utility Plant Examples of Good and
Bad Operation

» From Central Utility Plant Cooling Control Guide
m Is the loop delta-T low (less than 8°F)?
m The chart on the left shows a delta-T always less than 5°F
m The chart on the right shows a delta-T around 10°F

b The delta-T indicates the load in the building, and impacts
consumption on chillers

b See Central Utility Control Guide for further instruction
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Note: low delta-T has a significant effect on consumption. Usually, this occurs when there
is very little load in the building, and can be an indicator that there is no chilled water or

hot water reset being utilized, or lack of a differential pressure set point reset. See the
guide for further instruction.



ECAM Enhancements

» Recent addition of data-driven models and modeling and
verification

m Create baseline and post baseline models of interval meter data
and look at savings for pre and post operations

m This capability is in the latest version, but there is no
documentation yet for its use (will be added in next version of the
user guide)

» PNNL re-tuning changes
m Cosmetic changes to aid in the analysis of the charts

« Additional sheet in the workbook that describes the point
definitions of ECAM

o Consistent axis labels and specified colors for each sensor
(i.e., outdoor-air temperature is always blue)

b
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ECAM Resources

» All material pertaining this webinar series will be posted at
www.pnnl.gov/buildingretuning/resources.stm

Will be updating to latest version of ECAM

Guide to retuning measures can be found here:
http://www.pnnl.gov/buildingretuning/retuning _measures.stm
Interval data analysis with ECAM document can be found here:
http://www.pnnl.gov/buildingretuning/documents/pnnl 20495.pdf
ECAM user guide:
http://mww.pnnl.gov/buildingretuning/documents/pnnl_21160.pdf
ECAM webinar content;
http://mvww.pnnl.gov/buildingretuning/webseries.stm

Online re-tuning training: http://retuningtraining.labworks.org
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Thank You

Danny Taasevigen
Advanced Power and Energy Systems Group
Pacific Northwest National Laboratory
902 Battelle Boulevard
P.O. Box 999, MSIN K6-68
Richland, WA 99354 USA
Tel: 509-375-6551

Pacific Northwest
NATIONAL LABORATORY

59



