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A Bit About Me

| intended to be an aircraft
maintenance engineer

How many of you are doing what
you went to school to learn to do?
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I’'m Doing Something Totally Different

Hillsboro Flying Club

65 years, Since 1954...

7/10/2001 9:17am
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I'm Doing Something Totally Different

(Go to
https://tinyurl.com/PVequalsmRT

for more pictures and videos from
the balloon flight)




You Can Too

NEVER NEVER LOOSE S|
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OF THE FACT THAT YOW CAN BE ANYTHING

YO (WANNA BE .. . YO COULD BE SOMETHING

AS SIMPLE AS A NOSE, MUSTACH

OR,FOR THAT MATTER AS COMPLEX AS A DOG, TREE

O BARBED WIRE FENCE ...
HECK, You couLD BE
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I've Had Great Mentors Along the Way




What We Will Cover in This Module

Part 1

« The dynamic, interactive, nature of the loads served
by HVAC systems and the challenges we face when
we try to integrate them with a control system

* This is important enough that | will probably bring this
up at least once ezash-aay

Part 2

* An overview of common components in HVAC control
processes

* Understanding the relationship between the control
process and the controlled equipment
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Some Resources

The location for things | hand out or use in class
http://www.av8rdas.com/u-of-w.html
The location of my blog
www.Av8rDAS.Wordpress.com
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The Built Environment

comfortable is a fundamental goal of HVAC systems and
their controls

* Ventilation systems control contaminants by introducing
filtered, conditioned outdoor air

* Heating and cooling systems track the loads to control
comfort




flLictive, clean, and
B C systems and

* Ventilation systems control contaminants by introducing
filtered, conditioned outdoor air

* Heating and cooling systems track the loads to control
comfort




The Loads can be Very Dynamic
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The Cooling
Requirements
Vary with Time
of Day and Time
of Year




Load Dynamics
A Research Experiment by the
FDE NW Research Lab

Dr. Riley Sellers; PhD cTk LBNL
CTPSC *

Hobbes Sellers; Post Doc Applied
Chaos Theory

*  Doctorate of Philosophy - Canine Treat
Kinetics - Lower Buchanan National Labs,
Canine Treat Preservation Systems Center
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

The Experiment

 Use an environmental test
chamber to assess the
thermal response
characteristics of different
envelope configurations

o

Environmental Test Chamber
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 1
« Cardboard box, no insulation

Envelope Configuration 1
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Test Results — Envelope Configuration 1

Thermal Response of the Inside of a Box
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 2
« Cardboard box, insulated

Envelope Configuration 2
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Test Results — Envelope Configuration 2

Thermal Response of the Inside of a Box

== Inside Temperature - Box only

Outside Temperature - Box
only
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 3

e (Cardboard box with rocks, no
Insulation

Envelope Configuration 3
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Test Results — Envelope Configuration 3

Thermal Response of the Inside of a Box

Inside Temperature - Box only
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature, °F

8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Single story, light frame
construction

Poured concrete basement
No air conditioning

Doors and windows open
Ceiling fans operating

S5at08/01/0912 AM
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Temperature, °F

8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Poured concrete basement
No air conditioning
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Side
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8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Facility Dynamics
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality
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The Cooling
Requirements
Vary with Time
of Day and Time
of Year




Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

The Suitability of
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

| | | SN Requirements
Vary with
Location as
Does the
Suitability of
Outdoor Air for
Cooling
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

e s R . The Cooling

| | | SRR Requirements
Vary with
Location as
Does the
Suitability of
Outdoor Air for
Cooling
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Cool the Building with Cool Outdoor Air
Simple;in Concept; Challenging in Reality
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1.50 in.w.cC.

Controlled

Controlled for SSP
Controlled tor PHDT

for CCDT in
sequence @
with CHW -

Tracks

Controlled Supply Fan
for Building

Pressure
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Aside from those things, it should not be too hard to get an
HVAC system to work
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The Load Profile

The design day vs. reality

LoAD DyYNAMICS.
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Load profile drivers

1. The state of the air

V= i|: RT * 1 ° (xazAaa + ZXGXWAGW N XGSAWWWP)ﬁ:|
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2. The nature of the process occurring at the load

_ _ pv, z V? W . pv, z, W
R R AL T e

3. The process design target

t,, = 72.000°F, t,, = 60.064°F, t, =52.370°F, h = 26.435 Btu/Ib,,
w =58.73 grains,, ,/Ib, , RH=50.000,0=13.611 f+*/Ib, , p = 0741 Ib, /f+’
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The mixed air temperature
will be moved around by the
economizer control process §
and ventilation requirements
and will always be between
the outdoor temperature and

return temperature

0
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The mixed air condition is the cooling coill
entering condition

NC Relief
Air Damper

NO Return 4 I
Air Damper

MERYV 8 Pre-filters

2,800 ¢fm
Minimum
Outdoor Air

G
um
Air

NNANN

NC OA
Damper

Relief Fan

12,580 ¢fm at 0.70 inw.c
38% static efficiency
445 rpm

3.6 bhp, 5 hp motor

]

MERYV 13 Filters

=

g

Cooling Coil
Air Flow - 14,000 cfm
Entering air - 82.0°F 14
64.0°F 1,
Leaving air = 50.8°F t4
50.8°F 1.0
Airside Ap - 0.66 inw.c.
Water flow - 66.2 gpm
Entering water - 44.0 °F
Leaving water - 60.0 °F
Waterside Ap - 3.1 ftw.c

Maximum face velocity - 500 fpm
Rows/FPI - 6 rows, 12 fins per inch

Toilet Exhoust
Riser to and From

Other Floors

| I From Ceiling
| | Return Plenum

y Fan
J0 cfmat 4.1inw.c

©64% static efficiency
1,150 rpm
14.2 bhp, 15 hp motor |_|

Transfer Air
from Ceiling
Return Plenum

Restroom

e

?? a To Supply Diffusers

Series Fan Powered Terminal
Unit with Electric Reheat
(Typical Zone)

From Ceiling _
Return Plenum

Typical Floor

LoAD DyYNAMICS.
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Design Condition
Performance
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Design Condition
Performance

The desired gpm/ton
trend as load varies

30
Tons
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Load profiles and performance vary with climate

The seasonal and daily load profile seen by our building
systems will vary a lot due to the nature of the climate and
the performance characteristics of the equipment dealing
with the climate.

LoAD DyYNAMICS.




Load profiles and performance vary with climate

But the built environment served by our building systems
needs to remain clean, safe, comfortable and productive,
no matter what.

LoAD DyYNAMICS.




Equipment performance must follow load

profile
Selecting, controlling and tuning the systems to follow the

seasonal and daily load profile is a very important part of
the over-all design, commissioning and operation process

LoAD DyYNAMICS.




The control system’s crucial role

Ensures systems perform as
Intended

Manages system dynamics
associated with load profile
variations

Supports functional testing

Supports data logging and
trending

Supports persistence
Informs future decisions

LoAD DyYNAMICS.




Data loggers

Data loggers

supplement the control

systems trending

capabilities

« Potential for faster
sampling rates

* Pick up data where
points are missing in
the control system

LoAD DyYNAMICS.




Datac  iroier T DataLOgger = Trend Analysis

80 -

—— Building gpm per Ton (Filtered out above 25)
Building Loop A t, °F
Chiller Loop A t, °F
] /~— Building CHW Supply, °F
65 . RS —— Corrected Primary CHW Supply, °F

1 Chilled Water Plant Tendency to Over-Flow

73 1 on the Building Loop (Low At Syndrome)

70

Vaisala OA Temperature, °F
| Vaisala twb, °F
55 ‘ ===Large Chiller Design gpm per Ton

60

== Small Chiller Design gpm per Ton

50 —— Total Tons, Note 1
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Trend analysis + Testing = A building dialog

£
=

4/:!»“‘\\

Building gpm per Ton (Filtered out above 25)
Building Loop &1, °F

Chiller Loop A1, °F

Building CHW Supply, °F

Corrected Primary CHW Supply, °F

Vaisala OA Temperature, °F

Chilled Water Plant Tendency to Over-Flow
on the Building Loop (Low At Syndrome)

Vaisala twb, *F
~=~Large Chiller Design gpm per Ton
~~ Small Chiller Design gpm per Ton
Total Tons, Note 1
Building CHW Flow, gpm

™
B
b

gpm per ton: At, °F, Temperature, °F
Flow, gpm; Tons

W

Thu 09/24/15 12 AM Thu 09/24/15 06 AM Thu 09/24/15 12 PM Thu 09/24/15 06 PM Fri 09/25/15 12 AM
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Example of a load profile dialog

FADE IN:
EXT. EARLY — MORNING

« Cx provider with tool kit enters building
and is greeted by the operating staff and
a project manager

PROJECT ENGINEER (To Operating Team)

e Our Cx provider has an idea about how to
size the chillers for our new plant and
would like to see what we have currently

CHIEF ENGINEER

» Sure, let’s head up and take a look
around

FADE TO CHILLER PLANT:

LoAD DyYNAMICS.







P14:3 tand-Alone (Discharge FullOpen) $16:3 FullOpen (Pumping through CH-3)
S¢ a Primary CHW through Chiller 2 Primary CHW through r2
Lath Floor Mechani

Mude\ I3 I A F 1
______
_____

Namepiat Hu«l @ _____
[oifferentialPresswre(Feetnia) | 1 1 se6 T T sas |
_____

T

ooel ]

T Y A S S

Contol nformaton T
di Not Applicable

T ot Appicabe | ot Appicale | 235 | Wt Apcable | ot Appictle |
e

I S S R w5 T mo T s |
e ' ¥ S—
I

otes’

Chilled Water Plant Tendency to Over-Flow gy e T e oot 51
on the Building Loop (Low At Syndrome) Sskinglop b1, 4
Ghiller Loep &1, °F
Buiding CHW Supply, 'F
Coerectes Primory CH Supply, F
T
Vaisala b, F
Lorge Chilr Design gpm per- Ten
~ Small Chllr Besgn gpm per Ton
Total Tons, Note 1
Building CHW Flow, gpm
Yo el Tors O Line

gpm per ton: At, °F, Temperature, °F
Flow, gm: Tons

o o
Thu 09/24/15 12 AM. Thu 09/24/15 06 AM Thu 09/24/15 12 PM Thy 09/24/15 06 PM Fri 09/25/15 12 AM

CX PROVIDER

Then | bet the building knows how
big the chillers need to be.

We just need to ask it the right
guestions.

HIEF ENGINEER
How will we do that?

X PROVIDER

With functional testing, trending,
and data logging

LoAD DyYNAMICS.




CX PROVIDER (to building)
Tell me about the flow rates and temperatures in your chilled water

LOAD DYNAMICS.




BUILDING
| was hoping someone would ask; | have a lot of temperature data.
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BUILDING:
But | am afraid | only have a couple of months of flow and tonnage
data. My flow meter was broken for a while.

Thursday 09/24/15 12:00 AM through Monday 12/07/15 11:59 PM

1472

Dperated - 271

Filtered Hours < 238 (16% of the:sample; 88% of the plant operating hours)

Filters Applied:

CHW Flow to Buifdind

QAT above 53°F -

No Negative Building Loop At Vald

Cover = Clear, Scattered, Obsc
rted” - :

50

Outdoor Air Temperature, °F
LoAD DYNAMICS.




CX PROVIDER:
That's O.K., you've given me enough to start with ...

O
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Tonnage Range
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Hours at a Given Tonnage Range

Average Year
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Tonnage Range
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The design evolves and is reviewed

FADE OUT:
FADE IN TIME PASSING MUSIC

FADE IN CX PROVIDER DOING
DESIGN REVIEW ON THE NEW
CENTRAL PLANT DESIGN

LoAD DyYNAMICS.




BUILDING:
I’'m happy to see the design team paid attention to my suggestion
about equipment sizes and turn down requirements.

KW/TON 0.554

EETRTON L7 AL
SERVES CLG WATER R i OEE W/
CAPACITY 0 e T Y
| 0470 [ o470 | |
COMPRESSOR CNTFGL CNTFGL CNTFGL
QUANTITY: NO 2 3 3
EVAPORATOR FLOW: GPM 450 1,500 1,500 "“ »
EWT: F 59 59 59 |
LWT: F 43 43 43
PB: FT HD 11 18 18 T
FOULING FACTOR 0.00010 0.00010 0.00010
CONDENSER FLOW: GPM 8350 2,800 2,800 iy
EWT: F 86 86 B6
LWT: F 76 76 76
PD: FT HD 15 16 16
FOULING FACTOR 0.00025 0.00025 0.00025
REFRIGERANT TYPE R—134A R—134A R—134A
CHARGE: LBS 895 2851 2851
ELECTRICAL VOLT/PHASE 460/3 460/3 460/3
TOTAL KW 163.3 470.4 470.4
MCA 261 518 [3] 518 [3]
MOP 350 724 [3] 724 [3]
SCCR: AMPS 100,000 100,000 100,000
OPER WEIGHT WEIGHT: LBS 10,000 35,000 35,000
BASIS OF DESIGN MANUFACTURER SMARDT SMARDT SMARDT
MODEL WAD095.2H Wv400.3U Wv400.3U
NOTES 01, 2, 4 6] | [1,2 4 6] | [1,2 4 6]
PROVIDE ALL CHILLERS FROM ONE MANUFACTURER.

NOTES:
1. SINGLE POINT CONNECTION, REFER TO ELECTRICAL DRAWINGS.

MAGNETIC BEARING, OIL-LESS COMPRESSORS.

RATINGS PER COMPRESSOR.

PROVIDE ONE SPARE COMPRESSOR FOR EACH SIZE USED IN THE NOMINAL

300 TON AND 1000 TON CHILLERS. DELVER AT END OF WARRANTY PERIOD —
ALTERNATE BID [TEM.

5. PROVIDE 5 YEAR WARRANTY — ALTERNATE BID ITEM.

6. PROVIDE MARINE BOXES AT ENDS WITH PIPING CONNECTIONS (300 LB PRESSURE
CLASS ON EVAPORATOR) AND HINGED ACCESS AT ALL ENDS.

Eall i

LoAD DyYNAMICS.



BUILDING:

| think I will need to run some pumps and cooling towers when | run
those new chillers. Will that impact how you would sequence them?

PUMPS - HYDRONIC
MARK P14-1 P14-2 P14-3 P14-4 P145 P14-6
LOCATION MECH RM MECH RM MECH RM MECH RM MECH RM MECH RM
SERVES CHILLED WTR __ CHILLED WIR | CHILLED WIR | COND WIR COND_WTR COND_WTR
CAPACITY FLOW: GPM 500 1,500 1,500 300 3,500 3,500
TOH: FT 120 160 160 60 60 60
EFFICIENCY: % 75 79 79 67 74 74
TYPE DESCRIPTION VIL vIL vIL VIL vIL VIL
MOTOR RPM 1,800 1,800 1,800 1,800 1,800 1,800
MAX_BHP 27.00 B87.00 87.00 21.00 70.00 70.00
SUCT CONN: IN 6 8 8 8 12 12
DISCH _CONN: IN 6 8 8 8 12 12
IMP DIA: IN 11.20 13.26 13.26 8.34 10.00 10.00
ELECTRICAL VOLT/PHASE 460/3 460/3 460/3 460/3 460/3 460/3
MOTOR HP 40 100 100 25 75 75
SCCR: AMPS 35,000 65,000 65,000 14,000 35,000 35,000
OPER WEIGHT WEIGHT: LBS 1,050 2,150 2,150 950 2,600 2,600
BASIS OF DESIGN MANUFACTURER FACO PACO PACO FACO PACO PACO
MODEL VLS 6x6x11.5 VLS BXBX15 | VLS BXBX15 | VLS 6x6x11.5 | VLS 12x12x13 | VLS 12x12x13
NOTES [.2 3.4 [1,2 3 4] | [1.2 3 4 | [1.2 3 4] | [1,2 3 4 | [1, 2, 3 4]

PROVIDE ALL PUMPS FROM ONE MANUFACTURER.

NOTES:

1. REFER TO ELECTRICAL DRAWINGS FOR DISCONNECT SWITCH.

Eal ol

PROVIDE WITH VARIABLE FREQUENCY DRIVE AND SUCTION DIFFUSER.
MOUNT PUMP ON SPRING ISOLATED CONCRETE INERTIA BASE; OPER WEIGHT DOES NOT INCLUDE INERTIA BASE.
PROVIDE ALL PUMPS WITH SUCTION DIFFUSERS; 300 LB PRESSURE CLASS ON CHILLED WATER PUMPS.

LoAD DyYNAMICS.

COOLING TOWERS

MARK CT-1A CT-1B
LOCATION ROCF ROCF
SERVES CHILLERS CHILLERS
TYPE AIRFLOW_CONFIG IND_DRAFT IND_DRAFT
DISCHARGE VERTICAL VERTICAL
CELLS 2 2
CAPACITY [1] HEAT REJ: TONS 1,185 1,185
FLOW: GPM 3,450 3,450
AMBIENT WB: F 66 66
EWT: F 86 86
LWT: F 76 76
PD: FT_HD 12 12
FAN TYPE SILENT PROP | SILENT PROP
FANS: NO 2 2
AIRFLOW: CFM 268,800 268,800
ESP: IN WG - -
TOTAL MOTOR HP 60 60
FONY MOTOR HP - -
VOLT/PHASE 460/3 460/3
BASIN HEATER HEATERS - -
CAPACITY: KW = -
VOLT /PHASE 460/3 460/3
ELECTRICAL SCCR: AMPS 14,000 14,000
OPER WEIGHT WEIGHT: LBS 43,780 43,780
BASIS OF DESIGN MANUFACTURER EVAPCO EVAPCO
MODEL UT-224-418 | UT-224-418
NOTES [2-7] [2-7]

PROVIDE ALL COOLING TOWERS FRCM ONE MANUFACTURER.

NOTES:

1. CAPACITIES BASED ON WATER.

HoOg kN

LIFTING DAVIT MOUNTING CHANNEL ON EACH TOWER CELL.

REFER TO ELECTRICAL DRAWINGS FOR MOTOR STARTER AND DISCONNECT SWITCH.
PROVIDE WITH VIBRATION CUTOUT SWITCH.

PROVIDE WITH VARIABLE SPEED DRIVE AND FAN MOTORS.
PROVIDE WITH VORTEX ELIMINATOR AND BOTTOM PIPING CONNECTIONS.
PROVIDE STAINLESS STEEL PAN AND SUMP SWEEP PIPING/NOZZLES.
PROVIDE WITH REMOVABLE MOTOR LIFTING DAVIT PER 2—CELL TOWER, AND




Hours at Tonnages

. : : — —r — — — 0]
1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400
Tons

Annual Hours at Tonnages Based on a Regression from Measured Data Plant kW/ton from June 2017 CDs
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Hours at Tonnages

1,200 1,400 1,600 1,800 2,000 2,200

Tons
Plant kW/ton from June 2017 CDs

-@-Compressor kW/ton CW Pumps kW/Ton

Cooling Tower Fan kW/Ton ~-CHW Pump kW/Ton

LoAD DyYNAMICS.




100 200 700 800 1,000 1,100

Chiller 1 Compressor kW/ton Chiller 2 or 3 Compressor kW/ton

Chiller 1 Running with All Chillers kW/ton with CW Pumps Chiller 2 or 3 Running with All Chillers kW/ton with CW Pumps
——Chiller 1 Running Alone kW/ton with CW Pump *~Chiller 2 or 3 Running Alone kW/+on with CW Pump

Chiller 1 Running with Chiller 2 or 3 kW/ton with CW Pumps Chiller 2 or 3 Running with Chiller 1 kW/ton with CW Pumps

Chiller 2 Running with Chiller 3 kW/ton with CW Pumps LoAD DYNAMICS




600

-+ 400

200
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1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400
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Annual Hours at Tonnages Based on a Regression from Measured Data Plant kW/ton from June 2017 CDs  --&--Plant kW/ton - Stage 2 at Lower Tonnage
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Hours at Tonnages

 —_— ——— —— —t— — r—t—r  —_— e 0]
200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400
Tons

Annual Hours at Tonnages Based on a Regression from Measured Data Plant kW/ton from June 2017 CDs

--&--Plant kW/ton - Stage 2 at Lower Tonnage Plant kW/ton - Modified Staging
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Bottom line

Com-mis-sion

ka ' miSHan/Submit

Verb; Gerund or present participle:
Commissioning

1. A process during which buildings
are mentoring us about design

A

85

LoAD DyYNAMICS.



Why This Matters

We went to explore the Moon,
and in fact discovered the Earth

Gene Cernan
Apollo 17 Commander

Image courtesy NASA Image Archives; https://www.nasa.gov/multimedia/imagegallery/index.html




Why This Matters

In a highway service station

Over the month of June

Was a photograph of the earth
Taken coming back from the moon
And you couldn't see a city

On that marbled bowling ball

Or a forest or a highway

Or me here least of all

Joni Mitchell
Refuge of the Roads

Image courtesy NASA image archives
https://www.nasa.gov/multimedia/imagegallery/image_feature_1249.html




Why This Matters

Interviewer:

What is your strongest memory of Apollo 117

Michael Collins; Command Module Pilot, Apollo 11
Looking back at Earth from a great distance.

| really believe that if the political leaders of the world could
see their planet from a distance of 100,000 miles their outlook
could be fundamentally changed.

The earth must become as it appears: blue and white, not
capitalist or Communist; blue and white, not rich or poor;
blue and white, not envious or envied.

Small, shiny, serene, blue and white, FRAGILE.

Image courtesy NASA Image Archives; https://www.hqg.nasa.gov/office/pao/History/apllann/kippsphotos/6550.jpg




Why This Matters

Interviewer:
That was 40 years ago. Would it look the same today?
Michael Collins; Command Module Pilot, Apollo 11

... It's certainly not serene, but definitely fragile, and growing
more so. When we flew to the moon, our population was 3
billion; today it has more than doubled and is headed for 8
billion...

... The loss of habitat, the trashing of oceans, the
accumulation of waste products - this is no way to treat a
planet.

Image courtesy NASA/OSIRIS-REx team and the University of Arizona




e TR
£ St

-y
'\:,1-. &

S We don tinherit the world from our-ancestors,
fn__fwe,*borrow |t from our children ..

k&

> ‘T‘x‘ 4
)/
f I.ll‘.'

"t ‘i\“‘

et ) Unknown

My
-




Bill Coad’s thoughts on the topic

“... that is to practice our profession with ik l
an emphasis upon our responsibility to

protect the long-range interests of the

society we serve and, specifically, to

incorporate the ethics of energy

conservation and environmental

preservation in everything we do.”

Energy Conservation is an Ethic
ASHRAE Journal, vol. 42, no. 7, p. 16-21

PDF available at http://www.av8rdas.com/bill-coads-writings.html
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Applying the commissioning tool set can

have ripple effects
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Distribution System Losses

Transformer - - Pump Efficiency Losses

Losses VFD Efficiency Losses

iy

\\

L Motor Efficiency Losses

More Distribution System Losses
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There are currently 6-8% losses
in these lines between the
power plant and your meter

i

A coal fired Midwesjpower plant

Image Landsat ! Copernicus

Google Earth
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Conversion losses are significant

The current average
heat rate for fossil fuel [#i = i Fsa &
fired plants is 10,000 & = &
Btus in for every R ap i I
. 3,413 Btus out (1 kW) @i o)

IR

Image Landsat ! Copernicus

Google Earth

A coal fired Midwesjpower plant
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Physical principles will prevail

Conservation of mass and energy
says that all of the mass in this
pile of coal other than the fly ash
will end up in the atmosphere

F s

Image Landsat ! Copernicus

Google Earth

A coal fired Midwel- 6Wer plant




Bottom line

Generating power consumes
finite resources and impacts
the environment

Google Earth
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Reducing atmospheric impacts

We expect our energy mix to be 70% carbon free by 2040 based on
current commitments and mandates, and we're working to deliver
the right resources and technologies to make that happen.

Energy Strategy; www.portlandgeneral.com

Integrated Resource Planning

Preparing for Oregon’s energy future




Reducing atmospheric impacts

i XYZ Power Company Generating Mix
Moving away from J

carbon fuels is a

common, long term

goal fOf' many Wind and Solar
utilities
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Reducing atmospheric impacts

Functioning control
systems can have an
immediate impact by
reducing the need for
energy in the first
place

It's a win-win
situation

XYZ Power Company Generating Mix

Wind and Solar

LoAD DyYNAMICS.




Start to have your own impact

Survey your building inventory
for big energy users and
poorly performing systems

 Read LBNLs report on the costs
and benefits of commissioning at
http://cx.Ibl.gov/cost-benefit.html

LBNL metrics indicate that the
median savings from an EBCx
process will be in the range of
16% of the annual energy cost

LoAD DyYNAMICS.

Building Commissioning:




Start to have your own impact

80%-90% of the commissioning issues out there have there
roots in the control system

« Fixing the control system = having an impact

« Fixing the control system = having fun

LoAD DyYNAMICS.




