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Load profile drivers

1. The state of the air

g
vV =—
x || p

h= {xﬂhﬂ“’ - (0.62198xwhw°)ﬁ — (xﬂthm +2x x B +x B+ xWZBWW) °po - %xwanwwpza}i +hWh,
x

RT|, % o(x7A, +2x.x,A, - X A,.P) ﬁ}

2. The nature of the process occurring at the load

- . pv, z V° w . pv, z, W?
Q+Zl{mx[ul+ 3_1+71+2;J]]:7+Z{mx[uz+%+72+2;7

3. The process design target

t,, = 72.000°F, t,, = 60.064°F, t,, =52.370°F, h=26.435 Btu/lb, ,
w =58.73 grains, /I, , RH=50.000,0 =13.611 ft*/Ib, . p = 0741 Ib, /f+*
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The mixed air condition is the
cooling coil entering condition

2,800 cfm
Minimum
Qutdoor Air
GL]

jum

Air

NC Relief

Air Dam

NO Return
Air Damper

per

e

Relief Fan

2,580 cfmat 0.70 inw.c.
38% static efficiency
445 rpm

3.6 bhp, 5 hp mator

Toilet Exhaust
Riser 10 and From
Other Floors

From Ceiling
Return Plenum

@ |

R

R P il
NCOA MERV 8 Pre-filters

Damper

MERV 13 Filters

Fan

cfmat 4.1inw.c
% static ef ficiency
50 rpm

Cooling Coil b
14.2 bhp, 15 hp motor

Air Flow - 14,000 cfm
Entering air - 82.0°F 14,
64.0°F 1,
Leaving air - 50.8°F 14
50.8°F t,
Airside &p - 0.66 inw.c.
Water flow - 66.2 gpm
Entering water - 44.0 °F
Leaving water - 60.0 °F
Waterside Ap - 3.1 ft.w.c.
Maximum face velocity - 500 fpm
Rows/FPI - 6 rows, 12 fins per inch

From Ceiling
Return Plenum

Transfer Air

from Ceiling
|_| Return Plenum

Restroom Typical Floor

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

To Supply Dif fusers
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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
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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.




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




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




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




Building gpm per Ton (Filtered out above 25)
Building Loop A t, °F
Chiller Loop A t, °F

~—— Building CHW Supply, °F

—— Corrected Primary CHW Supply, °F

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

Vaisala OA Temperature, °F

Vaisala twb, °F
-==Large Chiller Design gpm per Ton
=« Small Chiller Design gpm per Ton
—— Total Tons, Note 1

Building CHW Flow, gpm

Total Nominal To':_m On Line
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Trend analysis + Testing = A building dialog




Example ofa Ioad 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)

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:







« CX PROVIDER

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

« We just need to ask it the right
guestions.

« CHIEF ENGINEER
 How will we do that?

« CX PROVIDER

 With functional testing,
trending, and data logging.




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



BUILDING
| was hoping someone would ask; | have a lot of temperature data.

orrected Primary CHW Return, ~

——Corrected Primary CHW Supply, °F
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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
T mSampI 1

Hours Plant Operfufred -271 ¢

Filtered Hours =238 (16% of the surniplz, 88% of the |:1k1nfE opzrutiﬁg houré)

Filters Applied: |

Sky Cover = &
Reported"

Outdoor Air Temperature, °F




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




CX PROVIDER:

. and a regression will let me make a projection from that to get

the design team started.

PSPPSR PPSEP S PSS
0O 0000000 NNV AT AT NS
PSP 0,\0%0090000600060

Tonnage Range

v %
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BUILDING:

Great, As you can see, I'm suggesting a chiller in the 300 ton range

for the base load machine.

PSPPSR PPSEP S PSS
0O 0000000 NNV AT AT NS
PSP 0,\0%0090000600060

Tonnage Range

v %
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BUILDING:
A high turn down ratio would be nice too.
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CX PROVIDER:
That sound’s good to me. I'll let the team know. Meanwhile, let me
know if you see anything that would impact our current projection.
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The design evolves and is reviewd

Hours at a Gi:ve;r;lo\zzfige Range o FAD E O U T

« FADE IN TIME PASSING
MUSIC

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




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

TOCRTION TR ;
SERVES CLG WATER | CLG WATE] ER
CAPACITY T
KW,/ TON 0.554 0.470 0.470 1
LOF
COMPRESSOR TYFE CNTFGL CNTFGL CNTFGL
QUANTITY: NO 2 3 3
EVAPORATOR FLOW: GPM 450 1.500 1,500
EWT: F 55 59 58
LWT: F 43 43 43
PO: FT HD 11 18 18
FOULING FACTOR 2.00010 0.00010 2.00010
CONDENSER FLOW: GPM 850 2,800 2,800
EWT: F a6 a6 86
LWT: F 76 76 76
FD: FT_HD 15 16 16
FOULING FACTOR 0.00025 0.00025 0.00025
REFRIGERANT TYPE R—1344 R—1344 R—1344
CHARGE: LBS 885 2851 2851
ELECTRICAL VOLT/PHASE 460,/3 460,/3 460,/3
TOTAL KW 163.3 470.4 470.4
MCA 261 518 [3] s18 [3]
MOP 350 724 3] 724 (3]
SCCR: AMPS 100,000 100,000 100,000
OPER WEIGHT WEIGHT: LBS 10,000 33,000 35,000
BASIS OF DESIGN MANUFACTURER SMARDT SMARDT SMARDT
MCDEL WADS5.2H Wv400.3U W4 00.3U
NOTES [1.2. 4,6 | [1.2 4 6] | [1. 7 4 B]
PROVIDE ALL CHILLERS FRCM ONE MANUFACTURER.

NOTES:

SINGLE POINT CONNECTION, REFER TO ELECTRICAL DRAWINGS.

. MAGNETIC BEARING, OIL-LESS COMPRESSORS.

. RATINGS FER COMFRESSOR.

. PROMIDE ONE SPARE COMPRESSOR FOR EACH SIZE USED IN THE NOMINAL
300 TON AND 1000 TON CHILLERS. DELWER AT END OF WARRANTY PERIOD —
ALTERNATE_BID ITEM,

. PROVIDE 5 YEAR WARRANTY — ALTERMATE BID [TEM

6. PROVIDE MARINE BOXES AT ENDS WITH PIPING CONNECTIONS (300 LB PRESSURE

CLASS ON EVAPORATOR) AND HINCED ACCESS AT ALL ENDS.

et B3

o
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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 Pid-1 Pl4-2 Fl4-3 Pia-4 Fid-5 P45
LOCATION MECH RM MECH RM MECH RM MECH RM MECH RM MECH RM
SERVES CHILLED WTR__ CHILLED WIR | CHILLED WTR | COND WIR COND WTR COND WIR
CAPACITY FLOW: GPM 500 1,500 1,500 500 3,500 3,500
TOH: T 120 160 160 60 60 60
EFFICIENCY: % 75 79 78 67 74 74
TYPE DESCRIPTION VIL il ViL viL viL viL
MOTOR_RPM 1,600 1,800 1,500 1,800 1,800 1,800
MAX_BHP 27.00 87.00 B7.00 21.00 70.00 70.00
SUCT CONN: IN 3 8 8 8 12 12
DISCH CONN: IN B 8 8 [ 12 12
IMP_DIA-_IN 11.20 13.26 13.76 8.34 10.00 10.00
ELECTRICAL VOLT/PHASE 460/3 460/3 460/3 460/3 460/3 260/3
MOTOR_HP 20 100 100 25 75 75
SCCR:_AMPS 35.000 65,000 55,000 14,000 35.000 35,000
OPER WEIGHT WEIGHT: LBS 1,050 2,150 2,150 550 2,600 2,600
BASIS OF DESIGN MANUFACTURER PACO FACD FACO FACD PACD )
MODEL VLS 6x6x11.5 VLS BKBKIS | VLS BXBKIS | VLS 6x6x11.5 | VLS 12x12x13 | VLS 12x12x13
NOTES [1.2. 3.4 [1.2 3.4 | 1,234 | [1.2 3 4] | [1.2 3.4 | (1,2 3 4]

PROMDE ALL PUMPS FROM OME MANUFACTURER.

NOTES:

1. REFER TO ELECTRICAL DRAWINGS FOR DISCONNLCCT SWITCH.
2, PROVIDE WITH VARIABLE FREQUENCY DRIVE AND SUCTION DIFFUSER,

3. MOUNT PUMP ON SPRING ISOLATED CONCRETE INERTIA BASE; OPER WEIGHT DOES NOT INCLUDE INERTIA BASE.

4. PROVIDE ALL PUMPS WITH SUCTION DIFFUSERS: 300 LB PRESSURE CLASS ON CHILLED WATER PUMFS.

38

COOLING TOWERS
MARK CT-1A CT-1B
LOCATION ROOF ROOF
SERVES CHILLERS CHILLERS
TYPE AIRFLOW CONFIG IND DRAFT MO DRAFT
DISCHARGE WVERTICAL VERTICAL
CELLS 2 2
CAPACITY [1] HEAT REJ: TONS 1,185 1,185
FLOW: GPM J.450 5,450
AMBIENT WB: F 66 66
EWT: F 86 86
LWT: F 76 76
FD: FT_HD 12 12
FAN TYPE SILENT FROP SILENT PROP
FANS: NO 2 2
ARFLOW: CFM 268,800 268,800
ESP: IN WG = -
TOTAL MOTOR HP B0 60
PONY MOTOR HP - -
VOLT/PHASE 460,/3 460,/3
BASIN HEATER HEATERS - -
CAPACITY: KW - -
WOLT,/PHASE 460/3 460/3
ELECTRICAL SCCR: AMFS 14,000 14,000
OPER WEIGHT WEIGHT: LBS 43,780 43,780
BASIS DF DESIGN MANUFACTURER EVAPCO EVAPCO
MODEL UT-224-418 UT-224-418
NOTES [2-7] [2-7]

FROMIDE ALL COOLING TOWERS FROM ONE MANUFACTURER.

NOTES:

CAPACITIES BASED ON WATER.
REFER TO ELECTRICAL DRAWINGS FOR MOTOR STARTER AND DISCONNECT SWITCH,

FROVIDE WITH VIBRATION CUTOUT SWITCH,

FROVIDE WITH VORTEX ELIMINATOR AND BOTTOM FIFING CONNECTIONS.
PROVIDE STAINLESS STEEL PAN AND SUMP SWEEP PIPING/NOZZLES.

1
2
3
4. FROVIDE WITH VARIABLE SPEED DRIVE AND FAN MOTORS.
3
6
7

FROVIDE WITH REMOVASLE MOTOR LIFTING DAVIT PER 2-CELL TOWER, AND
LIFTING DAVIT MOUNTING CHANMEL ON EACH TOWER CELL.
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100 200

Chiller 1 Compressor kW/ton
Chiller 1 Running with All Chillers kW/ton with CW Pumps

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

700 800

Chiller 2 or 3 Compressor kW/ton

Chiller 2 or 3 Running with All Chillers kW/ton with CW Pumps
¥-Chiller 2 or 3 Running Alone kW/ton with CW Pump

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

e Com-mis-sion
* ka' miSHan/Submit

* Verb; Gerund or present
participle: Commissioning

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




