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Graphic Excellence for the Commissioning Profession:
Strategies for Representing Building Performance Data
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AlA Quality Assurance

NCBC

The Building Commissioning Association is a Registered Provider
with The American Institute of Architects Continuing Education
Systems (AIA/CES). Credit(s) earned on completion of this program
will be reported to AIA/CES for AIA members. Certificates of the
Completion for both AIA members and non-AlA members are
available upon request.

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed
or construed to be an approval or endorsement by the AIA of any
material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will
be addressed at the conclusion of this presentation.



Session Learning Objectives

Commissioning in the Digital Age: Data, Software and Graphs

NCBC

At the end of this session participants will be able to:

1. Decipher data graphs by looking for specific visual clues.

2. Discover a number of graph types and understand the
appropriate application of each.

3. Understand the basic principles of whole building interval
meter data modeling and anomaly detection.

4. Learn how any software-as-service can be improved with
the human element.




Ryan Stroupe Bio

® 19 years at PG&E Pacific Energy Center (PEC) in San Francisco

® Coordinates the Center’s Existing Building Curricula
Building commissioning

Energy audits

Measurement

Financial calculations

o Water conservation

Teaches many PEC classes covering 32 different EE topics
Oversees the Center’s Tool Lending Library Program

Manages Universal Translator software development project
Six-time Speaker at National Conference on Building Commissioning
Instructor for several college and university extension programs

O O OO




Mystery Graph Activity

NCBC 5




Mystery Graph Instructions

1. NCBC participants with highest score on Mystery Graph
quiz will win a HOBO datalogger and earn the admiration
and respect of their NCBC peers.

2. For each mystery graph, fill-in the oval corresponding to
the single best option on the provided answer sheet.

3. Complete the answer sheet and include your contact
information at the bottom of the card.

4. The completed form must be turned in before answers are
revealed to be eligible for the datalogger prizes.

5. This is an individual effort; please do not share answers.

NCBC 6



Mystery Graph 1

This graph | :

illustrates:

120

110

aa

a0

a0

70

B0

wed 15

Thu 1

a. Leaving boiler temperature (L) and pump amps d.

b.

(R) for a boiler loop used for space heating

Exterior illuminance (L) and interior illuminance e.

(R) in klux for a warehouse with skylights.

QOutside air temperature (L) and power draw
(R) for a packaged unit with a single-stage of

cooling.

Fri1?

CO2 levels (L) and amps for the lighting
systems (R) at a movie theater.

% load (L) and amps (R) for a motor
used for ventilating a restroom in an
airport terminal.

(L) = variable references left axis
(R) = variable references right axis



Mystery
Graph 2

The three
variables
illustrated in
the graph
depicted
here are?

Tue 18 Wwied 19

a. daily electricity, natural gas and water use.

b. outside air, mixed air and return air
temperatures at an air handler with a
working economizer

c. space temperature, air flow and damper
position for a working VAV box.

Thu 20 Fri 21

temperature, relative humidity and
dew point of an air volume.

chilled water flow, chilled water supply
temperature and condenser water
supply temperature for an optimized
chiller.



Mystery
Graph 3 »

100

AN

5 /
% 80 /
: \
This graph B ol
illustrates: B —~
60 4
g _/ ) ——

50

40
08/12/04
12:00 AM

08/12/04
03:00 AM

a. \oltage, amperage and power
factor for a server room.

b. space temperature, air flow and
damper position for a working VAV
box.

c. outside air, mixed air and return air
temperatures at an air handler with
an economizer

08/12/04
06:00 AM

08/12/04
03:00 PM

08/12/04
09:00 AM

08/12/04
12:00 PM

08/12/04
06:00 PM

08/12/04
09:00 PM

08/13/04
12:00 AM

Date

Temperature, relative humidity and
dew point of an air volume

chilled water flow, chilled water
supply temperature and condenser
water supply temperature for an
optimized chiller.



Mystery 1200

Graph 4

800 tA
The data shown
to the right is an g 600 1N\ *
indication of 1
which condition?

400 1

000 [ —

200 4 § ,,,,,,

0 ;
6/28/02 6/28/02
12.00 AM 12:00 PM

a. Total dissolved _solids in condenser
water for a cooling tower.

b. Volatile organic compounds (VOC)
levels during construction of an
office building.

5/22/2014

6/29/02 6/29/02 6/30/02 6/30/02 7/1/02
12.00AM 12:00PM 12:00 AM 12:00 PM 12:00 AM

c.CO levels in a parking garage.

d.CO, levels in the open office area of
a law office.

e.CO, levels in a movie theater.

10



M y St e ry . Mystery Graph
Graph 5

110

This graph
illustrates:

90

Temperature, °F

80

70

60

5/20/0512:00  5/21/05 12:00  5/21/05 12:00  5/22/0512:00  5/22/05 12:00  5/23/05 12:00  5/23/05 12:00  5/24/05 12:00
PM AM PM AM PM AM PM AM

Date and time

a. light levels from daylight in a library. d. the scheduled operation of a

b. run time data for a light fixture motor
_ . flue temperature for a non-
Space temperature in an condensing heating hot water
unconditioned warehouse. boiler.

5/22/2014 11



Mystery Graph 6 This graph

illustrates:

60 500

1 450

50 -

1 400

1 350
40 -

1 300
30— 1 250

1 200
20 {— = - 1

1 150

1 100
10

1 50
0 0

8/4/2011 9:00 8/4/201121:00  8/5/2011 9:00  8/5/2011 21:00 8/6/20119:00 8/6/2011 21:00 8/7/20119:00 8/7/201121:00 8/8/2011 9:00  8/8/2011 21:00  8/9/2011 9:00

a. Temperature and humidity data for alab. d. Wattage and exterior daylight levels

: : for corridor lights controlled by both
Occupancy and light data for an office. a photo-sensor and schedule.

Temperature and therm use for a boiler e. Zone temperature and air flow for a
on a schedule control at a warehouse. VAV box serving a classroom.

5/22/2014



Mystery Graph 7

This graph >0
illustrates the
relationship ~ *%
between:

a.

600

300

200

100

40 45 50 55

the percent load and power draw in watts
for a motor.

the cooling load in kWh per day and the
average zone temperature per day for a
hospital.

the VFD speed in hertz and power in
watts for a packaged unit supply air fan.

the humidity and enthalpy for air
downstream from a direct
evaporative cooling system.

the heating load for a building in
therms per day and the average
outside temperature per day.



Mystery L ;

Graph 8 ol

13 1

I
T ;

This graph S R R S

illustrates: ]

-0.05

a. Pressure differential across filters
relative to months installed.

b. The building pressure (inWG)
relative to outside for a 16 storey
building under normal operating
conditions on a 60F day.

5/22/2014

The relationship between wind
speed (MPH) and altitude (100 ft) in
an open field.

Wind pressure on the down-wind
face of a building with a steady 10
mph wind blowing.

Supply static pressure relative to
height for a 2 story building.

0.05



Mystery
Graph 9

This graph
illustrates:

140

120

100

80

60

40

20

0

12:00 AM

L MmAAAMAII Ll

O

6:00 AM 12:00 PM 6:00 PM 12:00 AM

a. Power draw of an educational building c. CO, levels in a movie theater.

that has photovoltaic panels and d. Temperature in a refrigerated
exterior parking lot lighting. warehouse.
b. Lightlevels in a restroom with an e. Power draw of a chiller used for

OCcupancy sensor.

5/22/2014

thermal storage.
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Mystery Graph 10

25,000
20,000
This
graph 15,000
illustrates:
10,000
5,000 f\-
0
0 500,000 1,000,000 1,500,000 2,000,000
a. Cooling capacity in BTU/hr, total c. Heating capacity in BTU/hr, flow rate at
condenser fan CFM and the nominal vessel in GPM and the thermal efficiency
tonnage for a selection of air-cooled for a several industrial boilers.
chillers. d. Annual energy cost in $, square footage
b. Annual energy use in kKBTU, square and the Energy Star Portfolio manager
footage and Energy Usage Intensity score for 5 grocery stores.
(EUI) for five mixed-use buildings within e. Number of people, total cooling load in
a single portfolio. BTU/hr and the total CFM ventilation

requirement for 5 theaters at a multiplex.
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The Intention of the Graphic Representation of Data

® Graphs are a means of communication
o ldentify Cx Issues
o Savings data

® Data visualization helps us think and encourages better decisions
o ldentify correlations between variables
o “Letthe data set change your mind set” - Hans Rosling

® Knowledge compression (more information with fewer bits)
o One image can represent thousands of data points
o Annotation and other tools help to highlight specific phenomena

Existing (N=3500)

$2003 Fig 34. Commissioning Cost vs First-cost Savings EnveioPe | EMCS or ut iy related) 1200,00 -
4%

600,000

500,000 |
400,000 foocooooii oo _dONon-Energy Fi
BDD.G:D [ - - e —— - - avings
2o0,000 Looes BB L
100,000 4-—-[-B-B-B-- - P e - -

kWh/day

(100,000 | f-| {1 |- [-1 [--7- - T T
(200,000 +-=- | -1 |- [-] [--==-mmmmmm el
(300,000) +--- | [-1 |- [-] [----mmmmmmm el
(400,000) === o] |- [- Lo mm e
(500,000) === === === { e m e e e e e e el
(600,000)

Project 1,418,000

54%
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Evan Mills, 2004




I .
Data Sources

® Quantitative

Climate stations: air temperature, relative humidity, wind speed, wind direction, solar radiation, precipitation...
Utility meters: electrical (kWh), natural gas (therms), water (CCF), steam (BTU), chilled water (BTU)...
Energy Management Systems: air pressure & flow, liquid pressure & flow, damper position...

Data loggers: surface temperature, amps, volts, power factor, power, CO,, CO, occupancy, illuminance...

Financial: energy costs, energy savings, incentive values, interest rates, implementation costs, sales...

Other: hours of operation, square footage, vacancy rates, storage life, capacity, quantity of equipment...

0 O O O O o o

Time: year, month, week, day, hour, minute, second...

Categorical

Building type: office, retail, grocery, restaurant, lodging, warehouse, university, K-12, health care...

Location: address, city, state, zip code, climate zone, altitude, latitude, longitude, country...
End-use type: space heating, space cooling, water heating, lighting, refrigeration, electronics, ventilation...

Fuel type: petroleum, natural gas, coal, nuclear, biomass, hydro-electric, wind, solar, geothermal...
Deficiency type: VAV box set-point analysis, air-side economizer, lighting controls, equipment scheduling...

0O O O O O o

Persistence strategy: metering total building energy use, comfort stability reporting, trend data analysis...

NCBC 18



Graph Types and Applications

NCBC
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Pie Chart

® Also known as a Circle graph
® Used to provide percentage breakdown of one categorical variable
® Benefits:

o Easy to compare relative percentage of categorical variables
o Simple (may even oversimplify)

Large Office process
0%

Unrefrigerated Warehouse

Motors
Air Compressor__ 4%

Exterior Lighting
2%

Refrigeration
2%
Water Heating

1%

NCBC 20




Bar Chart

® Also known as Column Chart

® Used to plot quantitative variables against categorical variables

® Benefits:

O O O O

O

Process (0%)

Motors (4%)

Air Compressor (0%)
Miscellaneous (3%)
Office Equipment (22%)
Exterior Lighting (2%)
Interior Lighting (25%)
Cooking (1%)

Water Heating (1%)
Refrigeration (2%)
Ventilation (18%)
Cooling (18%)

Heating (3%)

Large Office

NCBC

Easy to compare relative magnitude of categorical variables
Preferred by many over Pie chart
Can be layered with other quantitative data
Bars can be “stacked” (see Gantt chart)
Easy to understand
| Process (0%) Process (2%)
- Motors (0%) Motors (9%) =
Air Compressor (0%) Air Compressor (0%)
- Miscellaneous (3%) = Miscellaneous (8%) =
— Office Equipment (1%) = Office Equipment (5%) &
l Exterior Lighting (2%) = Exterior Lighting (8%) =
== Interior Lighting (20%) Interior Lighting (51%) =
! Cooking (5%) e Cooking (0%)
! Water Heating (0%) Water Heating (1%)
\. Refrigeration (57%) Refrigeration (6%) »
e ) e |
EL |HE | | Heatinz(o%) | | | | H::til:z(l‘;) | L1 | | [ |
’ 5 ’ ; s:,h/m".,zrs Food Store ’ ) B : k;l:h/nz.yrzs Unrefrigeratet; Wareshouselao B k\zl\?'hlftz-vrzs
21




Time Series Chart

® Also known as Line Chart
® Depicts quantitative variables over time
® Benefits:

o Easy to visualize variations over time

o Multiple quantitative variables can be included in chart
o Familiar

Electric billing data

300 -

1,000
250 -

800 200 1
> .
m 1
8 600 - 150 |
s
~ 400 100 -+

200 50

1 ] 1 1 1 1 1 1 1 ] 1 0 } } t t } t
-01 J-02 J-03 J-04 J-05 J-06 J-07 J-08 J-09 J-10 J-11 J-12 J-13 J- 9/3 9/10 9/17 9/24 10/1 10/8 10/15
NCBC J-01J-02 J-03 J-04 J-05 J-06 J-07 J-08 J-09 J-10J-11 J-12 J-13 J-14 22




Scatter Plot

® Depicts two quantitative variables

® Time is not a represented variable and data is not depicted chronologically
® Benefits:

o Easy to see data correlations and develop regressions
o Can layer on other information that also corresponds to two axis

Fig 7. Existing Buildings Commissioning:
Costs, Savings, and Payback Times
500,000 Chiller Electrical Demand vs. CHW Load
. N=100
L

|Payba:k time = 1 month
400000 4---cemm e e T e m e e L

N
o

1-chiller operation
o 2-chiller operation

350,000 A - o m el

|Payba:k tirme = & months
300,000 4 --m e A

N
o

14

Efficiency degrades at

M part-load conditions
A
'S,

250,000 4

200,000 -

=N
o

180,000 oo T e

Whole-Building Energy Savings ($2003)
Chiller Electrical Demand [kW/ton]
[6)]

tono00 4o S

©
&)}

50,000 1---* 68 "---

©
o

, 4¢
a0,000 100,000

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Load [tons]
Outlier (35.184; 1,034 567) Commissioning Costs ($2003)
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Bubble Chart

® Depicts three quantitative variables

® Enhanced scatter plot with bubble size as third quantitative variable

® Benefits:

o Allows a third variable to be expressed without introducing third axis
o Can be compelling if correlations with three variables are consistent

Fig 9. Key Results by Building Type
{Existing Buildings)

10% ~, Gircle Diameter

[}
.

Average Payback Time (years)
(o)

\ proportional to %

_._.| energy cost |—(?\]d:gé519
S savings
__o' Schools K12 "7 QP T T e

(M=10 buildings)

- . Offices
N=13) (N=70)

Higher Education Laboratories
(N=57) (N=20)

Hospitals
(N=E)

1.00 2.00 3.00 400

Pre-Commissioning Energy Cost Intensity ($2003/ft2-year)

Excluding non-energy impacts

NCBC

Figure 6: Deep Energy Efficiency Potential (DEEP) Rating
for Target Building Types

300
432 TBtu/yr
Food Sales/Service
Single Use
250
o 200
\:‘: 225 TBtu/yr 251 TBtu/yr
=] Main Street Strip Mail
=
[11]
. 150
=
5 D
W 100 - =
213 TBt 471 TBtu/yr
pgtai‘ufyr Office - Freestanding,
Single-use Single-use
50
107 TBtu/yr 305 TBtu/yr
Lodging Schools
0
25 35 45 55 65 75 85

DEEP Score

Food Service - Freestanding, Single-use [l Schools - All Configurations
W Main Street
M Office - Freestanding, Single-use
M Strip Mall - Attached, Multiple use

Retail - Freestanding, Single-use
M Lodging- All Configurations
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REALIZING THE ENERGY EFFICIENCY POTENTIAL OF SMALL BUILDINGS
New Buildings Institute, 2013



Surface Plot

® Depicts three quantitative variables

Third quantitative variable plotted on third axis (three-dimensional chart)
Benefits:

o Allows a third variable to be expressed
o Can be compelling if the data warrants the application

Total Building Energy Use

San Francisco Temperature

kWh
O‘_\Nwhmm‘dm@o

~ —
351 05100 g 2 %%
NCBC
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e
Tabular Data

® Depicts many quantitative variables
® Best approach for some data sets
® Benefits:

o Allows a many variables to be expressed
o Can be compelling if the data warrants the application

Setpoint Analysis

Average Average

Box % of boxscore RESULTValue L\Z‘:‘i’ l\’[::‘ee' % Time Under %TL'::S"E' “'";x::’er Time Over  Value Under Value Over  Minimum  Maximum
Score Resalt | Resu | LOWerSetpoint (P e UpperSetpoint Sle.:::)ei;t s::'::;eirr.: Value Value

VAV2:3 18% 25 25 0 90.9 0.1 63270 45 2.7 2.1 65 79.7
VAV2-5 11% 16 1.6 0 64.7 0 45060 0 2.5 0 63 77.9
VAV2:7 10% 14 14 0 46 0 32055 0 3.1 0 62 75.9
VAV2-3 9% 13 13 0 47.1 0 32805 0 2.8 0 64 73
VAV2-1 9% 1.3 13 0 47.8 0 33285 0 2.7 0 63 748
VAV1-3 9% 1.2 1.2 0 65.4 0 45285 0 1.8 0 66 72
VAV1-5 7% 1 1 0 429 0 29745 0 2.3 0 66 77.5
VAV2-6 7% 1 1 0 39.9 0 27765 0 2.4 0 66 78.4
VAV2-2 6% 09 09 0 39.9 0 27765 0 2.2 0 65 78.9
VAVI-6 4% 05 01 04 6.5 20.9 4530 14550 1.8 2 645 803
VAVI-4 3% 04 04 0 15.2 0 10560 0 2.6 0 67 74
VAVI-8 3% 04 03 0 17.7 2.7 12300 1860 1.9 1 65 76.2
VAVI-2 2% 03 03 0 19.2 0.1 13320 60 1.6 1 68 78.5
VAVI-1 1% 0.2 0.2 0 13.2 0 9120 15 1.9 0.5 69 78.2
VAV1-7 1% 0.1 0.1 0 6 2.5 4185 1710 1.6 1.1 66 79.4

NCBC 26




Graphic Excellence

NCBC

27



Spot the Graph Issues #1

Retalil

Motors

Heating

e,y
I BHEESERERE,
T8

L1 L Y
o

EEEEEEEERDEE)

P
|

Proc‘:ess

;

Air Compressor
Miscellaneo

Water Heating

Cooking

28
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Air  Motors - Process
Compressor 2% Retall 1% Heating
Miscellaneous 07 1%
6%
Office Equipment |
4%
Exterior Lighting
5%
Water Heating
1%
Cooking
2%

NCBC CALIFORNIA COMMERCIAL END-USE SURVEY, March 2003, PG&E Data, pg. 188
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Air Compressor (0%)
Process (1%)

Heating (1%)

Water Heating (1%)
Cooking (2%)

Motors (2%)

Office Equipment (4%)
Exterior Lighting (5%)

End Use Type

Miscellaneous (6%)
Refrigeration (8%)
Cooling (13%)
Ventilation (13%)

Interior Lighting (44%)

NCBC

CALIFORNIA COMMERCIAL END-USE SURVEY, March 2003, PG&E Data, pg. 188

Retalil

:A 25% reduction in eooling energy
produces just a 3% reductron |n whole
burldrng energy use |

’:A 25% reduction in Iighting energy
produces an 11% reductlon in whole
burldrng energy use |

kWh/ft2-yr

30




Spot the

Graph Issues #2

110

100

90

80

70

60

—

50

40

Ik

B

30

20

NCBC

a_l%._a_g_#;_%

5/9/2006 0:08/11/2006 0:G313/2006 0:G015/2006 0:G317/2006 0:G019/2006 0:6G21/2006 0:6G23/20

06 0:G025/200

12000

10000

8000
—Fan Status
——=\/FD speed (%)

6000 = (OSA temp (F)
—total VAV airflow (CFM)
== Power (watts)

4000

2000

0

6 0:00
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120

AHU#1

100

80 —

Fan status, OSA F, and % speed

” - N

E—

-

5/14/2006  5/15/2006

NCBC

5/16/2006  5/1

L

bl

L

7/2006  5/18/2006  5/1

9/2006

12000

10000

8000

6000

4000

2000

0

5/21/2006

CFM and
watts

—Fan Status
—\/FD speed (%)

OSA temp (F)
—total VAV airflow (CFM)
— Power (watts)
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AHU#1

AVA

shem NHVY

1 8000

mmmmeegfe e —----1 6,000

CFM, % speed and power

Scheduled operation matches power, CFM, and %

speed data. CFM increases when OSA

temperature increases.

snje}s ue

paadg A4A %

0
5/14/2006

5/16/2006 5/17/2006 5/18/2006 5/19/2006 5/20/2006 5/21/2006

5/15/2006
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Graph Output from UT Software

100 10000

80 / 5000
;

60 ™ / “ 6000
40 4000
20 2000
0 0
1

5142006 11:13:52 AM
Time
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e
Use Pre-attentive Attributes

Exercise: count all the fives in the following string of numbers:

8012321948433058999776163834409296912094461578839323
6339524232366360198433444671059226283489086225893034
9957103321052610991126821267192794477736007600760804
2729870802902679284759249460138871722622876944275808

NCBC 35




e
Use Pre-attentive Attributes

Exercise: count all the fives in the following string of numbers:

8012321948433058999776163834409296912094461578839323
6339524232366360198433444671059226283489086225893034
9957103321052610991126821267192794477736007600760804
2729870802902679284759249460138871722622876944275808

The point: Pre-attentive processing occurs below the level of
consciousness at an extremely high speed. When utilized, the
audience is able to decipher data more quickly than when this
device is not utilized.

- from “Show Me the Numbers” by Stephen Few.

NCBC 36
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Ed Tufte’s Principles of Graphical Excellence

® Graphical Excellence is the well-designed presentation of interesting data...

a matter of substance, statistics and design.

® Graphical Excellence consists of complex ideas communicated with clarity,

precision and efficiency.

Graphical Excellence is that which gives to the viewer the greatest number of
ideas in the shortest time with the least ink in the smallest space.

Graphical Excellence is nearly always multivariate.
Graphical Excellence requires telling the truth about data.

EDWARD R. TUFTE

Envisioning Information VISUAL EXPLANATIONS

TEEE AN
SR T R

Ll T L B
[ L | T e =d= " et b
Foreirt P

SECOND EDITION

The Visual Display
of Quantitative Information

EDVARD B TUFTE
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Do’s and Don'ts of Graphic Representation

® Do’s

O OO0 OO0 OO0 O0O0

when time is a quantitative variable; always place it along horizontal axis

include the 0-axis on all graphs and use this to distinguish positive and negative values.
orient charts horizontally and maximize the chart area on the page.

apply annotations to your graphs that identify the variables and explain the results.
configure annotations and labels so they are oriented consistently.

to facilitate comparisons, order data in a hierarchical order when using bar charts
utilize multiple graph panes and axis to separate objects in a crowded chart.

correlate color of data to axis label when using multiple vertical axis

consider that tabular data may be appropriate for some situations

® Don’ts

O
O
O
O
O

NCBC

avoid using chart junk including fill patterns, shading, heavy grid lines and borders
avoid 3-D graphic representations of data; this approach is rarely helpful.

avoid using red and green colors together in a single chart.

eliminate the legend if possible.

do not compromise the ability to interpret data with an overwhelming amount of text

38




Graph Interpretation Clues

NCBC
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I
A Cynic’s List of What to Look for When Deciphering Graphs

® Decipher the axes

What are the units for each axis?

What is the origin for each axis? Do vertical axes start at zero (0)?
What is the range for each axis?

Do the gridline correspond to meaningful divisions?

Are the axes scales linear or logarithmic?

O O 0O 0O

® Decipher the data variables

=~ o Isalegend or other notes provided identifying each variable?
o Which data variable is attributable to which axis?

o Do variables correlate? Or is there an inverse correlation?

Reference other provided clues
o What do provided annotations indicate?
o Do the comments match the data?
o What does the chart title indicate?
o What do shading or other overlaid graphics indicate?

"

NP
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Facility E

————————————————————————————————————————————————————————————————————————————————————————————————————————————

——KkWh/day

—therms/day i

10

1/1/2008 1/1/2009 1/1/2010 1/1/2011 1/1/2012 1/1/2013 1/1/2014

0
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Mystery Graphs Answers

NCBC
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Mystery Graph 1

120

110

aa

This graph | :
illustrates:

a0

a0

70

ED ........................... ........................... |:|

wed 15 Thu 1 Fri1?

a. Leaving boiler temperature (L) and pump amps d. CO2 levels (L) and amps for the lighting

(R) for a boiler loop used for space heating systems (R) at a movie theater.

b. Exterior illuminance (L) and interior illuminance e. % load (L) and amps (R) for a motor
(R) in klux for a warehouse with skylights. used for ventilating a restroom in an

c. Outside air temperature (L) and power draw airport terminal.
(R) for a packaged unit with a single-stage of (L) = variable references left axis

cooling. (R) = variable references right axis



Mystery Graph 1
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Mystery
Graph 2

The three
variables
illustrated in
the graph
depicted
here are?

Tue 18 Wwied 19

a. daily electricity, natural gas and water use.

b. outside air, mixed air and return air
temperatures at an air handler with a
working economizer

c. space temperature, air flow and damper
position for a working VAV box.

Thu 20 Fri 21

temperature, relative humidity and
dew point of an air volume.

chilled water flow, chilled water supply
temperature and condenser water
supply temperature for an optimized
chiller.
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The three
variables
illustrated in
the graph
depicted here :
are? S

7

)

Mixed is warmer than return, but ... Mixed and return track
ch cooler than outside when when air handler is off.
outside temp is above return. : '

Mixed tracks outside
when the outside
temp is below return.

Tue 18

daily electricity, natural gas and water
use,

m—
1

b itside air, mixed air and return air
temperatures at an air handler with a
king economizer

C.

space temperature, air flow and damper
position for a working VAV box.

Wed 19 Thu 20 Fri 21

temperature, relative humidity and
dew point of an air volume.

chilled water flow, chilled water
supply temperature and condenser
water supply temperature for an
optimized chiller.
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03:00 AM

a. \oltage, amperage and power
factor for a server room.

b. space temperature, air flow and
damper position for a working VAV
box.

c. outside air, mixed air and return air
temperatures at an air handler with
an economizer

08/12/04
06:00 AM

08/12/04
03:00 PM

08/12/04
09:00 AM

08/12/04
12:00 PM

08/12/04
06:00 PM

08/12/04
09:00 PM

08/13/04
12:00 AM

Date

Temperature, relative humidity and
dew point of an air volume

chilled water flow, chilled water
supply temperature and condenser
water supply temperature for an
optimized chiller.
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RH drops as temperature |
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. 12:00 AM 03:00 AM 06:00 AM 09:00 AM 12:00 PM 03:00 PM 06:00 PM 09:00 PM 12:00 AM
relatively constant -
a. \Voltage, amperage and power d. Temperature, relative humidity and
factor for a server room. ew point of an air volume
b. space temperature, air flow and e. chilled water tiow, chilled water
damper position for a working VAV supply temperature and condenser
box. water supply temperature for an
c. outside air, mixed air and return air optimized chiller.

temperatures at an air handler with

an economizer
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indication of 200 | A e
which 3 3
condition? 0 * ‘ * ‘ ‘
6/28/02 6/28/02 6/29/02 6/29/02 6/30/02 6/30/02 7/1/02
12:.00AM 12.00PM 12:00AM 12.00PM 12:.00 AM 12:00PM 12:00 AM
a. Total dissolved solids in condenser c.CO levels in a parking garage.
water fora CO?“”Q tower. d.CO, levels in the open office area of
b. Volatile organic compounds (VOC) a law office.
levels during construction of an e.CO, levels in a movie theater.

office building.
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indication of The night shut-down of the
which 200 oo o air handler causes the CO,
condition’? . | levels to dissipate slowly.

6/28/02 6/28/02 6/29/02 6/29/02 6/30/02 6/30/02 7/1/02
12.00AM 12:00PM 12:00 AM 12:00PM 12:00 AM 12:00 PM 12:00 AM

Notice axis is for just a few days

a. Total dissolved solids in condenser c. CO levels in a parking garage.
water for a cooling tower. d. CO, levels in the open office area
b. Volatile organic compounds (VOC) of a-law off:co

levels during construction of an office )
building. <Oz levels in a movie theater.
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This graph
illustrates:

90

Temperature, °F
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5/20/0512:00  5/21/05 12:00  5/21/05 12:00  5/22/0512:00  5/22/05 12:00  5/23/05 12:00  5/23/05 12:00  5/24/05 12:00
PM AM PM AM PM AM PM AM

Date and time

a. light levels from daylight in a library. d. the scheduled operation of a

b. run time data for a light fixture motor
_ . flue temperature for a non-
Space temperature in an condensing heating hot water
unconditioned warehouse. boiler.
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Motor heats up at start / P P P
up. Motor temp spikes

when it shuts down as fan 0

5/20/0512:00  5/21/05 12:00  5/21/05 12:00  5/22/0512:00  5/22/05 12:00  5/23/05 12:00  5/23/05 12:00  5/24/05 12:00

is no longer running. P AM P AM Pr AM pu it

Date and time

a. light levels from daylight in a library. (the—;cheduled operationD

b. run time data for a light fixture —motor

_ e. flue temperature for a non-
Space temperature in an condensing heating hot water
unconditioned warehouse. boiler.

This graph
illustrates:

Temperature, °F
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a. Temperature and humidity data for alab. d. Wattage and exterior daylight levels

: : for corridor lights controlled by both
Occupancy and light data for an office. a photo-sensor and schedule.

Temperature and therm use for a boiler e. Zone temperature and air flow for a
on a schedule control at a warehouse. VAV box serving a classroom.
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a. Temperature and humidity data for a lab. @ttage and exterior daylight levels
b r corridor lights controlled by both

Occupancy and light data for an office. a photo-sensor and schedule
Temperature and therm use for a boiler e. Zone temperature and air flow for a
on a schedule control at a warehouse. VAV box serving a classroom.
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This graph
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relationship %
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a. the percent load and power draw in watts d. the humidity and enthalpy for air
for a motor. downstream from a direct
b. the cooling load in kWh per day and the i ' ,

average zone temperature per day for a
hospital.

the VFD speed in hertz and power in
watts for a packaged unit supply air fan.

the heating load for a building in
erms per day and the average
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This graph
illustrates:
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-0.05

a. Pressure differential across filters
relative to months installed.

b. The building pressure (in WG)
relative to outside for a 16 storey
building under normal operating
conditions on a 60F day.

5/22/2014

The relationship between wind
speed (MPH) and altitude (100 ft) in
an open field.

Wind pressure on the down-wind
face of a building with a steady 10
mph wind blowing.

Supply static pressure relative to
height for a 2 story building.
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This graph
illustrates:

Negative value and

your biggest clues

a. Pressure differential across filters
relative to months installed.

17 4

15 1

13 1

11

9 4
7
5 4

34

relative magnitude of th
numbers on this axis are

relative to outside for a 16 storey
uilding under normal operating
—.conditions on a 60F day.

5/22/2014

The relationship between wind
speed (MPH) and altitude (100 ft) in
an open field.

Wind pressure on the down-wind
face of a building with a steady 10
mph wind blowing.

Supply static pressure relative to
height for a 2 story building.
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This graph
illustrates:
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a. Power draw of an educational building c. CO, levels in a movie theater.

that has photovoltaic panels and d. Temperature in a refrigerated
exterior parking lot lighting. warehouse.
b. Lightlevels in a restroom with an e. Power draw of a chiller used for

OCcupancy sensor.
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a. Power draw of an educational c. CO, levels in a movie theater.

building that has photovoltaic panels . Temperature in a refrigerated

and exterior parking lot lighting. fehouse.
b. Light levels in a restroom with an G-:;eﬁr draw of a ChiIIer@
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25,000
20,000
This
graph 15,000
illustrates:
10,000
5,000 f\-
0
0 500,000 1,000,000 1,500,000 2,000,000
a. Cooling capacity in BTU/hr, total c. Heating capacity in BTU/hr, flow rate at
condenser fan CFM and the nominal vessel in GPM and the thermal efficiency
tonnage for a selection of air-cooled for a several industrial boilers.
chillers. d. Annual energy cost in $, square footage
b. Annual energy use in kKBTU, square and the Energy Star Portfolio manager
footage and Energy Usage Intensity score for 5 grocery stores.
(EUI) for five mixed-use buildings within e. Number of people, total cooling load in
a single portfolio. BTU/hr and the total CFM ventilation

requirement for 5 theaters at a multiplex.
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25,000
20,000

vt
O 15,000
n

10,000 EUI = Annual energy use in kBTU/sqft - ;
Building A: 1,508,469kBTU, 16,123sqft, 93.56 EUI
Building B: 1,708,535kBTU, 19,465sqft, 87.77 EUI .
Building C:- 492,137kBTU, 13,476sqft, 36.52 EUI 2
Building D: 1,082,894kBTU, 18,863sqft, 57.41 EUI

BU|Id|ng E: 771 410kBTU 13 896$qft 55.51 EUI

5,000 |-

0
0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000 2,000,000
kBTU
a. Cooling capacity in BTU/hr, total c. Heating capacity in BTU/hr, flow rate at
condenser fan CFM and the nominal vessel in GPM and the thermal efficiency
tonnage for a selection of air-cooled for a several industrial boilers.

d. Annual energy cost in $, square footage
and the Energy Star Portfolio manager
score for 5 grocery stores.

e. Number of people, total cooling load in
BTU/hr and the total CFM ventilation
requirement for 5 theaters at a multiplex.

Annual energy use in kBTU, square
footage and Energy Usage Intensity
(EUI) for five mixed-use buildings within
a single portfolio.
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Related Publications

Graphic Excell for the C issioning Professi Strategies for Representing Building Performance Data
Bibliography:

Books

Few, Stephen. Show Me the Numbers: Designing Tables and Graphs to Enlighten. Oakland: Analytics Press, 2004
Few, Stephen. Now You See lf: Simple Visualization Techniques for Quantitative Analysis. Oakland: Analytics Press, 2009
Reddy, T. Agami. Applied Data Analysis and Modeling for Energy Engineers and Scientists. Springer, 2011

Tufte, Edward R. The Visual Display of Quantitative Information. Connecticut: Graphics Press, 1983.
Tufte, Edward R. Envisioning Information. Connecticut: Graphics Press, 1990.

Tufte, Edward R. Visual Explanations: Images and Quantities, Evidence and Narrative. Connecticut: Graphics
Tufte, Edward R. Beautiful Evidence. Connecticut: Graphics Press, 2006.

Ware, Colin: Information Visualization: Perceplion for Design, 3 edition. Morgan Kaufmann, 2012

Yau, Nathan. Visualize This: The FlowingDala Guide o Design, Visualization, and Stalistics. Wiley, 2011,

Online Publications

Early Results and Fields Tests of an Infe tion Monitoring and Diagnostic System for Ci tal Buildings
L. Berkeley Mational Lab v, 1998
http:fipoet.ibl.goviphased/phs2rpt. pdf

e-Handbook of Statistical Methods
MNIST/SEMATECH, 2012
hitp:ifwww.itl. nist gov/divB98han k

7 Common Graphs in Statistics
Courtney Taylor
hitp:fistatistics. about. com/od/Helpand Tutorials/a/7-Common-Graphs-In-Statistics htm

Nuts and Bolts of Chart & Graph Types
Daniel Waisberg
http-/fonling-behavior. com/analytics/chart-types

when. bers-bleed-freeze-starve-and-die-on-a-battlefield-the-dark-poelry-of-data
Robert Krulwich

Online Videos

Data Visualization: See the story in the Data and Learning to Effectively Communicate it to Others
Tyler Rinker
hitps: ihwww. X fweatch 2vsIHHPO4VhucY

I Like Pretty Graphs: Best Practices for Data Visualization Assignments
University of Wisconsin Design Lab
hitps:/iwww. youtube comiwatch?v=pD OvRtHOaY

Ted Talks: The Beauty of Data Visualization
David McCandless:
hitps:fiwww. youtube comiwatch?v=c\WZ 16PgiRQ8

Anything with Hans Rosling like these
https:/iwww. youtube. comfwatch ?v=ibkSRLY Soio

https:/fwww. youtube. comfwatch 2v=hVimVzotDew
s h Fv= R
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Universal Translator (Free) Software: www.utonline.org
® Data management

O

O O 0O O

O

-

Resampling 2

Time shift

Slope and offset adjustments "

Data filters § 65 o T

Calculated data channels
Psychrometric channels

® Data analysis
o Line graph ;
o Scatter plots s

® Diagnostics

NCBC

O

O OO0 OO0 OO0 O0OO0

Air side economizer

Dual duct AHU fault detection
Fans and system curves

Fan coil fault detection

Light load

Measurement and verification
Plug load
Set point analysis —

Single duct AHU fault detection
Statistics

45 50 55

Setpoint Analysis

60
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PEC’s Free Trainings on Building Commissioning

® Design Performance and Commissioning Series

O

O 0O 00 OO0

o

Airside Economizers

Variable Air Volume (VAV) Systems
Pumps

Chilled and Condenser Water Systems

S—
Heating Hot Water and Steam Systems 1 . P
Controls :
Fans, Ducts and AHUs Each of th?r?e Iat[e sm;ulcast
Variable Speed Drives (VSDs) ] over the Internet.

® Other Commissioning Trainings

® Related Training Topics

NCBC

O
O
O
O
O

O

O O 0O O

Existing Building Commissioning Workshop Series

RCx 101: Identifying and Assessing Common Retrocommissioning Opportunities
Logic Diagrams and Control Sequences

System Diagram Workshop

Commissioning Lighting Controls _ _ _ _
Full list of classes and registration links:

http://www.pge.com/enerqgyclasses

Basic Excel for Energy Analysts
Universal Translator Training
Optimizing the Design and Control of Data Centers
Optimizing the Design and Control of Chilled Water Plants
Building Measurement classes
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PEC’s Tool Lending Library: www.pge.com/pec/ili

® Tools loaned for FREE for energy efficiency, demand reduction and

NCBC

CO2 Meter Strobe Tachometer

On-line Tool Request Form

o Borrower information
o Project information

o Specifics on tools requested
Online catalog of available equipment
Application notes with step-by-step instructions

Over 5000 diagnostic measurement tools
and accessories in the lending library.

Temp/RH

Meter Ultrasonic Flow Meter ~ Drywell Calibrator

demand response projects for public utility rate payers in California.
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