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An Energy Modeling Case Study at Oregon 

State University

District Utility Plants 
and Heat Recovery 
Chillers

Project 
Description
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Project 
Description

North Campus Chilled Water Loop

Serves primarily 

Science/Laboratory/Research 
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Project 
Description

North Campus Chilled Water Loop

Serves primarily 

Science/Laboratory/Research 

Buildings

Burt/Wilkinson

Cordley Hall

Nash Hall

ALS Bldg

Aging Infrastructure

Sustainability Goals

 50+ year old 

Absorption Chiller 

(abandoned in place)

 500 Tons

Existing 
Conditions 
(circa 2019)
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 28 year old CV 

Centrifugal 

Chiller 

 415 Tons

 Serves only 

East Wing

Existing 
Conditions 
(circa 2019)

 27 year old CV 

Centrifugal Chiller 

 875 Tons

 R-11

Existing 
Conditions 
(circa 2019)
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Existing 
Conditions 
(circa 2019)

 17 year old VF 

Centrifugal 

Chiller 

 600 Tons

Existing 
Conditions 
(circa 
2019)
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96⁰F OAT Design Load

96⁰F OAT Design Load

Existing NCCWL 

System Capacity
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Existing 
Conditions 
(circa 
2019)

Capacity Shortfall

Existing 
Conditions 
(circa 
2019)

Aging Equipment

Existing 
Conditions 
(circa 2019)
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Existing 
Conditions 
(circa 
2019)

Control Sequence 
is Complex

Aging Equipment

Existing 
Conditions 
(circa 2019)

Existing 
Conditions 
(circa 
2019)

Control Sequence 
is Complex

Aging Equipment

Cooling Capacity 
cannot meet load 
when OAT > 82°F

Existing 
Conditions 
(circa 2019)
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Existing 
Conditions 
(circa 
2019)

Control Sequence 
is Complex

Aging Equipment

Cooling Capacity 
cannot meet load 
when OAT > 82°F

Existing 
Conditions 
(circa 2019)

Planned Cordley
Load ++

Existing 
Conditions 
(circa 
2019)

Scenario 2
(DUP)
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Existing 
Conditions 
(circa 
2019)

Scenario 2
(DUP)

Existing 
Conditions 
(circa 
2019)

4,500 Ton Primary-Only Central Plant
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Existing 
Conditions 
(circa 
2019)

Magnetic Levitation Chillers

4,500 Ton Primary-Only Central Plant

Existing 
Conditions 
(circa 
2019)

Plant Range of down to 150 Tons

Magnetic Levitation Chillers

4,500 Ton Primary-Only Central Plant
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Existing 
Conditions 
(circa 
2019)

Condenser Water Operation down to 
45°F

Plant Range of down to 150 Tons

Magnetic Levitation Chillers

4,500 Ton Primary-Only Central Plant

Existing 
Conditions 
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Existing 
Conditions 
(circa 
2019)

Condenser Water Operation down to 
45°F

Plant Range of down to 150 Tons

Magnetic Levitation Chillers

4,500 Ton Primary-Only Central Plant

Simultaneous Operation of 6 CT cells

Existing 
Conditions 
(circa 
2019)

Condenser Water Operation down to 
45°F

Plant Range of down to 150 Tons

Magnetic Levitation Chillers

4,500 Ton Primary-Only Central Plant

Simultaneous Operation of 6 CT cells

DUP
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Cordley Hall 
District 
Utility Plant

DUP Efficiencies:

Magnetic Bearing Chiller vs. Code Compliant Chiller
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Full Load 

<10hrs

25% Load

~2,700 hours

Load 
Duration 
Curve

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

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

DUP Efficiencies: 

Custom Performance Curves

Vs. Standard AHRI Conditions

Custom performance curves allow for closer approximation of 

chiller efficiencies at various conditions 

Part 

Load 

Ratio

AHRI Condition:

IPLV & NPLV 

kW/Ton Based on 

Percent @ PLR

AHRI Condition:

IPLV kW/Ton 

Calculated with 

Following

Cond. Water Temp

AHRI Condition:

Entering/Leaving 

Evaporator 

Temperature

Custom

Performance 

Curve Conditions

kW/Ton Based on

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 

data

• Condenser Water – temperature 

based on actual OSA and cooling 

tower performance and Chiller 

limitations

• Number of hours at part load based 

on actual calculated conditions

• More accurate kW/Ton possible with 

varying conditions

75% 42% of the time 75°F 55°F / 44°F

50% 45% of the time 65°F 55°F / 44°F

25% 12% of the time 65°F 55°F / 44°F
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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 
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tower performance and 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 

Part 

Load 

Ratio

AHRI Condition:

IPLV & NPLV 

kW/Ton Based on 

Percent @ PLR

AHRI Condition:

IPLV kW/Ton 

Calculated with 

Following

Cond. Water Temp

AHRI Condition:

Entering/Leaving 

Evaporator 

Temperature

Custom

Performance 

Curve Conditions

kW/Ton Based on

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 

data

• Condenser Water – temperature 

based on actual OSA and cooling 

tower performance and Chiller 

limitations

• Number of hours at part load based 

on actual calculated conditions

• More accurate kW/Ton possible with 

varying conditions

75% 42% of the time 75°F 55°F / 44°F

50% 45% of the time 65°F 55°F / 44°F

25% 12% of the time 65°F 55°F / 44°F
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DUP – Custom Spreadsheet Model Flow Diagram:

INPUT MODULE

Hourly Input Data

PROCESS MODULE

Calculates Thermodynamic Properties and Equipment Part Load Ratios

Balances Electric and Chilled Water Consumption Versus Campus Demand

OUTPUT MODULE

Organize Output Data.  Process Hourly Data to Monthly Data

Calculates Energy Consumption

CHILLER 

MODULES

Model Chiller 

Performance and 

Loads

COOLING TOWER 

MODULES

Model Cooling 

Tower Performance 

and Loads

PUMP

MODULES

Model Pump 

Loads

Chiller

Part Load

Chilled Water

Production
Condenser Water

Production
Part Load

Ratio

Part Load

Ratio

Electrical

Consumption

Electrical

Consumption
Electrical

Consumption

DUP – Modeling Control Sequences:

Parameters are written to 

develop staging setpoints and 

Sequence of Operations to 

model enabling and disabling 

equipment operation

Baseline Model

Sample 

Parameters

Proposed Model

Sample 

Parameters
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DUP – Modeling Control Sequences:

Parameters are written to 

develop staging setpoints and 

Sequence of Operations to 

model enabling and disabling 

equipment operation

Baseline Model

Sample 

Parameters

Proposed Model

Sample 

Parameters

DUP – Modeling Control Sequences:

Proposed 

Model

Baseline 

Model

(Nash)

(Nash)Summer temperatures and high 

cooling load condition

Enabled equipment identified 

with a “1”
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DUP – Modeling Control Sequences:

Moderate temperatures and 

moderate cooling load condition

Enabled equipment identified 

with a “1”

Proposed 

Model
Baseline 

Model

DUP – Modeling Control Sequences:

Winter temperatures and low 

cooling load condition

Enabled equipment identified 

with a “1”

Proposed 

Model

Baseline 

Model
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DUP – Proposed Vs. Baseline

DUP – BAS Interface
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DUP – BAS Interface

DUP – BAS Interface
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DUP – BAS Interface

DUP – Operating Performance

0.02 kw/Ton
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DUP – Expected Performance

DUP – Importance of Proper Cx

Programmed to 

pull % RLA, not 

kW!

Actual kW = 37

(0.121 kW/ton)
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Cordley Hall 
Renovation

220,000 Square Feet

Registered Historical

6-8 ACH in Labs

Modeled with EDSL Tas

Tas 3D Model – Simultaneous 
Heating/Cooling
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HW 

from 

Steam 

HX

HW to 

Steam 

HX

HR Chiller Modeled in Tas
Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

Primarily Serves 

Cooling Loads in Bldg
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HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

55

56



9/8/2022

29

HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

HR Cooling Coils Modeled 
in Tas

Day           Hour

Occupied

Unoccupied

Occupied

Unoccupied

To other 

laboratory 

spaces

From other 

laboratory 

spaces

Return From 

Non Lab 

spaces
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HR Cooling Coils Modeled 
in Tas

Day           Hour

Occupied

Unoccupied

Occupied

Unoccupied

To other 

laboratory 

spaces

From other 

laboratory 

spaces

Return From 

Non Lab 

spaces

Supply Fans

HR Cooling Coils Modeled 
in Tas

Day           Hour

Occupied

Unoccupied

Occupied

Unoccupied

To other 

laboratory 

spaces

From other 

laboratory 

spaces

Return From 

Non Lab 

spaces

Exhaust 

Fans
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HR Cooling Coils Modeled 
in Tas

Day           Hour

Occupied

Unoccupied

Occupied

Unoccupied

To other 

laboratory 

spaces

From other 

laboratory 

spaces

Return From 

Non Lab 

spaces

HR Coil

HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop
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HR Chiller Modeled in Tas

Cooling 

Using HR 

Chiller

Heating 

Using HR 

Chiller

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop
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HR Chiller Modeled in Tas

HW 

from 

Steam 

HX

HW to 

Steam 

HX

Day           Hour

CW to 

Process 

CW 

Loop

CW 

from 

Process 

CW 

Loop

HR Chiller 

flow
Cooling 

mainly using 

Chiller Plant

Cordley Load Profiles
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Cordley Load Profiles

Exhaust HR

Cordley Load Profiles
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Cordley Renovation 

Summary

ASHRAE 90.1 2016 Baseline

ETO Baseline Modified

HR Chiller inflates Cooling

HR Chiller reduces Steam

DUP and Cordley

Renovation 

Summary

kWH Therm

DUP

Cordley
West

Cordley
East

2,110,000

1,627,469

1,767,651

0

6,573

9,415

2,000 tons of CO2
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Future Campus-

Wide Concept

District Chilled Water Plants

Strategic Placement of HRCs

Heat Recycling

Reimagine CHW Distribution

Thank you!

Springfield & Bend, Oregon   //   SystemsWestEngineers.com
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