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Serves primarily
Science/Laboratory/Research
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Conditions
(circa 2019)

Q 28 year old CV
Centrifugal
Chiller

O 415 Tons
O Serves only
East Wing
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Existing
Conditions
(circa 2019)

Q 17 year old VF
Centrifugal

Chiller
U 600 Tons

Combined
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Existing
Conditions
(circa 2019)

Aging Equipment

Control Sequence
is Complex

Existing
Conditions
(circa 2019)

Aging Equipment

Control Sequence
is Complex

Cooling Capacity
cannot meet load
when OAT > 82°F




Existing
Conditions
(circa 2019)

Scena io 2 S
o IRCL MW oRCHARD AVE.”

18

Aging Equipment

Control Sequence
is Complex

Cooling Capacity
cannot meet load
when OAT > 82°F

Planned Cordley
Load ++

Scenario 1 Scenario 2
Present Value of Cost Local Plants District Plant
Capital Expenditures $17,052,000 $17,547,000
Periodic Maintenance 1,597,000 224,000
Annual Maintenance 1,364,000 1,038,000
Annual Operation 5,891,000 4,034,000
Total PVC $25,904,000 $22,843,000
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4,500 Ton Primary-Only Central Plant
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Magnetic Levitation Chillers
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Cordiey Hall
District
Utility Plant
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DUP Efficiencies:
Magnetic Bearing Chiller vs. Code Compliant Chiller
ssssssss & Chiller Efficiency with Varying Load
Magnetic Bearing Chiller (NPLV 0.3297) = Code Compliant Chiller (NPLV 0.4765)
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= 0.3000
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0.2000
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0.0000
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Part Load Ratio
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Load 2500
Duration
Curve

Full Load

<10hrs

System Cooling Loatd\{tons)

(0]
25% Load 0 2000 4000 6000 8000
~2,700 hours Hours

29
DUP Efficiencies (Custom Curves):
Magnetic Bearing Chiller vs. Code Compliant Chiller
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DUP Efficiencies (Custom Curves):
Magnetic Bearing Chiller vs. Code Compliant Chiller

ssssssss =5 Chiller Efficiency with Varying
Entering Condenser Water Temp
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Magnetic Bearing Chiller vs. Code Compliant Chiller
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DUP Efficiencies (Custom Curves):
Magnetic Bearing Chiller vs. Code Compliant Chiller

—-d Chiller Efficiency with Varying

Entering Condenser Water Temp
Magnetic Bearing Chiller = Code Compliant Chiller
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DUP Efficiencies:
Custom Performance Curves
Vs. Standard AHRI Conditions
Custom performance curves allow for closer approximation of
chiller efficiencies at various conditions
AHRI Condition: AHRI Condition: AHRI Condition: Custom
IPLV & NPLV IPLV kW/Ton Entering/Leaving Performance
kW/Ton Based on Calculated with Evaporator Curve Conditions
Percent @ PLR Following Temperature kW/Ton Based on
Cond. Water Temp Operating Conditions
100% 1% of the time 85°F 55°F | 44°F «  Evap EWT/LWT = Actual, 42-45°F
+ OSA Conditions = Based on TMY3
- S S S data
75% 42% of the time 75°F 55°F | 44°F . Condenser Water — temperature
based on actual OSA and cooling
50% 45% of the time 65°F 55°F | 44°F tower performance and Chiller
limitations
*  Number of hours at part load based
25% 12% of the time 65°F 55°F / 44°F on actual calculated conditions
* More accurate kW/Ton possible with
varying conditions
34
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INPUT MODULE
Hourly Input Data

np
|

DUP - Custom Spreadsheet Model Flow Diagram:

PROCESS MODULE

B

Calculates Thermodynamic Properties and Equipment Part Load Ratios
Balances Electric and Chilled Water Consumption Versus Campus Demand

Chiller
Part Load

Chilled Water Part Load
Production Ratio

Condenser Water
Production

CHILLER COOLING TOWER

Loads and Loads

Electrical
Consumption

Electrical
Consumption

MODULES MODULES
Model Chiller Model Cooling MODULES
Performance and Tower Performance Model Pump

Part Load
Ratio

PUMP

Loads

Electrical
Consumption

OUTPUT MODULE
Organize Output Data. Process Hourly Data to Monthly Data
Calculates Energy Consumption
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DUP - Modeling Control Sequences:

CHILLER WATER SYSTEM INPUT PARAMETERS

NASH CONDENSER WATER SYSTEM INPUT PARAMETERS

CWS Setpoint (high) 420 °F CDS Setpoint (high) 85.0 °F
CWS Setpoint (low) 450 °F CDS Setpoint (low) 85.0 °F
OSA Setpoint (high) 650 °F OSA Setpoint (high) 95.0 °F
Baseline Model 0SA Setpoint (low) 45.0 °F OSA Setpoint (low) 55.0 °F
Sample |:> Chiller Plant Minimum Capacity 10 Tons Primary Cond. Pump Speed Control VFD
Sytems Secondary Design DT 16.0 °F
Parameters Primary Evap. Pump Speed Control VFD DUP CONDENSER WATER SYSTEM INPUT PARAMETERgu
Plant Configuration Primary/Secondary CDS Setpoint (high) 85.0°F
CDS Setpoint (low) 70.0 °F
CHILLER STAGING PARAMETERS OSA Setpoint (high) 75.0 °F
Chiller Plant Min OSA Enable Temp 01 °F OSA Setpoint (low) 60.0 °F
Chiller Staging Load Percent 98% Primary Cond. Pump Speed Control VFD
Proposed Model gH;;';E? WA;:B:YSTEM BPUT PARAMEERS Sl CONDENSER WATER SYSTEM INPUT PARAMETERS i
|:> Y Setpnee (o) = CDS Setpoint (high) 800 °F
Sample [es setpont dow) 450 nF £DS Setpaint (ow) 70 °F
Parameters | 034 Setpoint (high) 850 °F 0SA Setpoint (high) 95.0°F
| 0SA Setpoint (low) 45.0 °F 0SA Setpoint (low) 420°F
Chiller Plant Minimum Capacity 10 Tons | Pty Cond. Puirg Speed Corral VFD
Sytems Secondary Design DT 16.0°F |CwiP Stage 1 2500.0 gpm
. |Primary Evap. Pump Speed Control VFD | Stage 2 3000.0 gem
Parameters are written to |Piant Configuration Primary/secondary |cwiP Stage 2 3500.0 gom
. X CWP Staging Differential Flow 400.0 zpm
develop staging setpoints and CVIP High Selpoint Flow 30000
X CWP Low Setpoint Flow 21000
Sequence of Operations to . Ut figh Chiler FLA 09
. q q |Chiller Staging Differsntial Flow 4000 CVP Caw Coller FLA L
model enabling and disabling
q A ‘
eqUIpment operatlon | 3 ‘icooune TOWER FAN SPEED PARAMETERS
|cHiP Stage 1 2000.0 gpm |CT Fan Speed Setpoint (High) 80.0 Hz
| CHWP Stage 2 2500.0/gpm | T Fan Speed Setpoint (Low) 200 He
| CHWP Stage 3 3000.0 gpm |CT Chiler Cum % FLA (High) 23%
| CHWP Staging Differential flow 400.0/gpm |CT Chiler Cum 9% FLA (Low) 6%

38
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DUP - Modeling Control Sequences:

CHILLER WATER SYSTEM INPUT PARAMETERS

NASH CONDENSER WATER SYSTEM INPUT,

Parameters are written to

Sequence of Operations to

develop staging setpoints and

|0SA Setpoint (ow)

|Chiller Plant Minimum Capacity N
|Sytems Secondary Design DT
|Primary Evap. Pump Speed Control
| Plant Configuration

|Chiller Staging Differential Flow

Primary/Secondary

|05A Setpoint (high)

0SA Setpoint (low)

Primary Cond. Pump Speed Control
| CwP Stage 1

CWP Stage 2
| cwP Stage 3
|CwP Staging Differential Flow
|CWP High Setpoint Flow
|CWP Low Setpoint Flow
|CWP High Chiller FLA
|CWP Low Chiller FLA

CWS Setpoint (high) 420 °F CDS Setpoint (high)
CWS Setpoint (low) 45.0°F CDS Setpoint (low)
OSA Setpoint (high) 65.0 °F OSA Setpoint (high) A 950°F
Baseline Model 0SA Setpoint (low) 450 °F OSA Setpoint (low) 55.0 °F
Sample |:> Chiller Plant Minimum Capacity 10 Tons Primary Cond. Pump Speed Control VFD
Sytems Secondary Design DT 16.0 °F
Parameters Primary Evap. Pump Speed Control VFD DUP CONDENSER WATER SYSTEM INPUT PARAMETERS
Plant Configuration Primary/Secondary CDS Setpoint (high) 850 °F
CDS Setpoint (low) 70.0 °F
CHILLER STAGING PARAMETERS OSA Setpoint (high) 75.0 °F
Chiller Plant Min OSA Enable Temp 01°F OSA Setpoint (low) 60.0 °F
Chiller Staging Load Percent 98% Primary Cond. Pump Speed Control VFD
|CHILLER WATER SYSTEM INPUT PARAMETERS
Proposed Model |cws setpoint ihigh) 420 °F *Egg ZEE:‘;?:: ::::;ER SYSTEM INPUT PARANETER
Sample :,\> | s Setpon low) 45.0(°F CDS Setpoint (ow)
Parameters 0SA Setpoint (high) 650 °F

zpm
zpm
zpm

zpm

2 0.4
. . . 4000
model enabling and disabling
eqUIpment operatlon | i h |COOLING TOWER FAN SPEED PARAMETERS
|CHWP Stage 1 20000/ gpm |CT Fan Speed Setpoint (High) 60.0]Hz
| CHWP Stage 2 25000 gpm |CT Fan Speed Setpoint (Low) 20.0/Hz
CHWP Stage 3 3000.0 gpm |CT Chiller Cum % FLA (High) 23%
| CHWP Staging Differential flow 400.0 gpm |CT Chiller Cum % FLA (Low} 6%
.
-
DUP - Modeling Control Sequences:
MODE STATE MATRIX
Proposed
Mode Current Cooling. OSA Temp Chilled Water Cond. Water M d |
Control Time / Date Load Plant Lockout Flow Flow oae
Parameters. (tons) (gpm) (gpm)
8/9/1115:00 2592.1 10 5040.8 6695.4
Baseline
Operating Modes Model
State State Chiller Cooling Twr| Pump
Description Value Stages Stages “ Stages
(1=0n, 0=0ff) |
|
Chiller #1 1 ‘\
Chiller #2 1 “
Chiller #3 1 | MODE STATE MATRIX
hitter 4 o | Y
1
“ Mode Current OSA Temp Chilled Water
| Control Time / Date Plant Lockout Flow
CT#1 1 | Parameters (gom)
CT#2 1 | Aug-09 15:00 10 50408
CT#3 1
CT#4 1 |
g’;‘g 1 | Operating Modes
\ State State Chiller Cooling Twr Pump
Description [ue Stages Stages Stages.
(1=0n, 0=0ff)
//
niler 21 (Nash) 1
Chiller #2 1
Chiller #3 1
Chiller #4 0 0
Summer temperatures and high er#t (Nash) ! Pumps for Baseline are
. e tracked inside Chiller and CT
cooling load condition cris ' Modules
CT #5 1
CT #6 1
H H 1F1 CT #7 1
Enabled equipment identified
with a “1

40
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DUP - Modeling Control Sequences:

9/8/2022

MODE STATE MATRIX Proposed
Mod Cu t Cooll OSAT: Chilled Wat: Cond. Wate MOdel
Control Time / Date Load Plant Lockout Flow Flow Basellne
Parameters (tons) (gpm) (gpm) Model
4/16/11 14:06 7109 1.0 2277.8 4200.0
J Operating Modes
State State Chiller Cooling Twir Pump
Description value Stages Stages Stages
1=0n, 0=0ff) MODE STATE MATRIX
Chiller #1 ! Mode Current Cooling 05A Temp Chilled Water
Chiller #2 1 Control Time / Date Load Plant Lockout Flow
(Chiller #3 0 0 Parameters (tons) (gpm)
hitter #4 g w 7109 1.0 22778
gi z; 1 ‘ St St Chill Cooli T P —
tate - tate iller ooling Twr ump
CT#3 1 “ Des/pmn/ Value Stages Stages Stages
CT# ! (1=0n, 0=0ff)
CT #5 1
CT# ! ‘ — Chiller #1 1
— Chillr #2 1
Chiller #3 0 0
Chiller #4 0 0
CT#1 1 Pumps for Baseline are
Moderate temperatures and ore ' wacked inside Chiller and CT
. g Modules
moderate cooling load condition cre 1 !
CT#6 0 0
CT#7 0 0
Enabled equipment identified
with a “1
DUP-M li C 1S :
UP - Modeling Control Sequences:
MODE STATE MATRIX Proposed
Mode Current Cooling OsATemp Chilled Water Cond. Water Model
Control Time [ Date Load Plant Lockout Flow Flow
Parameters rons) Izpm) Izpm) Baseline
12/15/11 1100 10 7732 2100.0
Model
Operating Modes
State State Chiller Cogling Twr Pump
Description Value Stages ‘tages Stages
[ MODE STATE MATRIX
Chiller #1 1 “
E::u: :i g g { Mode Current Cooling OSA Temp Chilled Water
il f - Control Time / Date Load Plant Lockout Flow
e t Parameters (tons) (gom)
B f 100 10 7732
cT# 1 ,’ 1 o
‘ _
tri ! [ — Operating Modes
CTE4 1 f 1 State Chiller Cooling Twr Pump
oTHs 1 f 1 Value Stages Stages Stages
cTEs 1 | - (1:0n, 0-0f)
| — 1
/ / 0 0
0 0
}/// 2 0
0 ; Pumps for Baseline are
H tracked inside Chiller and CT
Winter temperatures and low 0 0
cooling load condition o 0
0 0
Enabled equipment identified
with a “1

42
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DUP - Proposed Vs. Baseline

Energy Consumption
2,500

—Baseline Model (kW) —Proposed Model (kW)

2,000

kW)

1,500

—

1,000

Electricity

500

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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DUP - BAS Interface

44

9/8/2022

22



DUP - BAS Interface

Open

45

DUP - BAS Interface

46
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DUP - BAS Interface

47

DUP - Operating Performance

0.02 kw/Ton

000 K

0
000 K

48
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900.0
750.0
600.0
450.0
300.0
150.0

DUP - Expected Performance

Performance Matrix

Standard Performance Rated with Variable Primary Flow [Evaporator] (VPF[E])

Capacity % of Evaporator Condenser
ton Design Flow Fluid Leaving  Flow Fluid Entering Temperature °F
Load gom  Temperature  gpm 59.00 58.00 57.00 56.00 55.00 54.00 53.00 52.00 51.00 50.00 49.00 48.00 47.00 46.00 45.00
°F Cooling Efficiency kW/ton

1,500.0 100.0 2,570.00 44.00 3,000.00 0.3646 0.3571 0.3497 0.3426 0.3353 0.3282 0.3214 0.3150 0.3088 0.3028 0.2968 0.2916 0.2867 0.2821 0.2778
1,350.0 90.0 2,313.00 44.00 3,000.00 0.3295 0.3218 0.3144 0.3072 0.3003 0.2936 0.2871 0.2809 0.2748 0.2683 0.2622 0.2565 0.2512 0.2463 0.2416
1,200.0 80.0 2,056.00 44.00 3,000.00 0.2988 0.2905 0.2826 0.2751 0.2679 0.2608 0.2541 0.2475 0.2413 0.2353 0.2293 0.2234 0.2179 0.2128 0.2081
1,050.0 70.0 1,799.00 44.00 3,000.00 0.2718 0.2636 0.2557 0.2478 0.2399 0.2325 0.2253 0.2184 0.2117 0.2053 0.1992 0.1932 0.1873 0.1818 0.1768

60.0 1,542.00 44.00 3,000.00 0.2511 0.2424 0.2338 0.2255 0.2175 0.2094 0.2016 0.1942 0.1870 0.1801 0.1734 0.1671 0.1610 0.1553 0.1500
50.0 1,285.00 44.00 3,000.00 0.2376 0.2281 0.2189 0.2099 0.2012 0.1927 0.1845 0.1764 0.1687 0.1612 0.1540 0.1470 0.1404 0.1341 0.1282
40.0 1,028.00 44.00 3,000.00 0.2326 0.2222 0.2121 0.2021 0.1925 0.1830 0.1738 0.1649 0.1562 0.1478 0.1398 0.1321 0.1248 0.1181 0.1117
30.0 799.69 44.00 3,000.00 0.2108 0.2030 0.1956 0.1885 0.1816 0.1749 0.1686 0.1625 0.1530 0.1430_0.1334 0.1240 0.1148 0.1064 0.0967
20.0 799.69 44.00 3,000.00 0.2021 0.1923 0.1827 0.1734 0.1644 0.1557 0.1473 0.1392 0.131€_0.1244 0.1178 0.111D 0.1050 0.0968 0.0886

10.0 799.69 44.00 3,000.00 0.2671 0.2517 0.2361 0.2208 0.2058 0.1912 0.1768 0.1628 0.1492 0.1364 0.1234 0.1129 0.1045 0.0976 0.0916

49
DUP - Importance of Proper Cx
Programmed to
pull % RLA, not
kw!
_ . Actual kW = 37
(0.121 kW/ton)
50
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Cordley Hall
Renovation

-
as oael — simuitaneous
t 1 / c I i

Day |82 [v| = Display  Zone Data v Scale max | 69.74 Btu/ft? Day |82 |v|< Display  Zone Data v Scalemax | 47.55 Btu/ftih
Hour |7 2 Variable Heating Load ~ | [ADwide by area Scalemin 0.0 Btu/ft>+h Hour | 7 = Variable | Cooling Load ~ | [“]Divide by area Scale min | 0.0 5tu/ft3

Output Selection Al Zones v A ale Output Selection | All Zones ~ Auto-s
Btu/fthe Btu/ft'he
69.74 4755
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HR Chiller Modeled in Tas

53

HR Chiller Modeled in Tas

Primarily Serves
Cooling Loads in Bldg

HR Chiller]

\?_Ej
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HR Chiller Modeled in Tas
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HR Chiller Modeled in Tas
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HR Chiller Modeled in Tas
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HR Cooling Coils Modeled

in Tas

To other

laboratory
Day Hour spaces
1 | 2 3 4

From other
laboratory
spaces

West Lab Spaces

Research Lsb 1624

HE

Unoccupied

Return From
Non Lab
spaces

v

.

Occupied

TAne
o/

/ : =4 h
AR

—o— ~O
Unoccupied

[ o N
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HR Cooling Coils Modeled
in Tas

To other From other
laboratory laboratory
Day Hour spaces spaces
1 | 2 4
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HR Chiller Modeled in Tas
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HR Chiller Modeled in Tas
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HR Chiller Modeled in Tas
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Cordley Load Profiles

Annual Heating & Cooling Load Profiles
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Cordley Load Profiles

Annual Heating & Cooling Load Profiles
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Cordley Load Profiles
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Future Campus- , -
Wide Concept o R e

TE‘HHMHW* i

District Chilled Water Plants

Strategic Placement of HRCs
Reimagine CHW Distribution
Heat Recycling
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