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All rights are reserved. The contents of this publication may not be reproduced
in whole or in part without consent of Smith Onandia Communications LLC.
Smith Onandia Communications LLC does not assume and hereby disclaims any
liability to any person or company for any loss or damage caused by errors or
omissions in the material contained herein, regardless of whether such errors
result from negligence, accident, or any other cause whatsoever.

All materials presented are educational. Each system is unique and must be
evaluated on its own merits.
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Optimization Case Study Outline

* Project Goals

* System Overview

e System Analysis

* Energy Conservation Measures
e Supporting Modifications

* Project Results

* |dentifying Potential CHW
Optimization Projects
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Optimization Project Goals

Maintain Cooling Reliability.
Maintain Cooling Reliability.
Maintain Cooling Reliability.
Minimize Operation Disruption.
Optimize System Efficiency.

Meet payback requirements.



Campus Map / Distribution System
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Central Utility Plant
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Previous CHW Generation Scheme
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Eight (8) Water-cooled Elect. Centrif. Chillers  One (1) Low

Pressure Chiller design
950 TR TO 2,000 TR Steam AT = 16°F

4160V Constant Speed Motors Absorption




Previous CHW Distribution Scheme
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Previous Tower Water System Scheme
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Chilled Water Demand And Usage
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Previous CHW Plant Operation
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Constant Flow Primary Pumping

Pressure Regulating / 2-Way /
Flow Control Valves in Distribution

2 Independent Distribution Loops
LAS (40°F) and House (44°F)

Manual Sequencing of Equipment

Limited CHW Plant Monitoring
Capabilities to BASem

Maintain Supply Pressure
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Previous Plant Performance Issues

Chilled Water Temperature Differential Vs. Outside Air Temperature
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System Hydraulic Evaluation Summary

EXISTING
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Hydronic / Mechanical Modifications

Control Valve Bypass To Maintain

Minimum Flow At The Chillers

Modulating Valves At Each

Centrifugal Chiller Evaporator

Automatic Isolation valves
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Previous Control System Evaluation
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No Plant Control Automation

Installed

Majority of CHW equipment have
VFD’s (pumps and towers) with no
BAS interface or control

Majority Of Chillers Have Modern
Control Panels with no BAS
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Instrument & Field Device Modifications
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Summary: Issues & Recommendations
Convert To Variable Primary
. Flow (VPF) operation
o Operate With Only One
. CHW Distribution Loop
_ . Fully Automate Operation

Automatic Operation # Optimized Operation

Solution: Control Based Optimization

Integrated Local Control and Optimization




Control Based Optimization

« Standard Control System Design Goal: auto control
to make enough cold water on a design day.

« Control Based Optimization Design Goal: control to
meet demand every day at the lowest kW/ton.

o Utilize real-time values to control operation and
maximize energy efficiency: flow / AT / AP / kW.

« Automatic, incremental adjustments to equipment
operation in real-time to minimize kW/ton.



Control Based Optimization: Distribution Pumps

o« Pump speed regulated to demand (remote DP.) | Distribution Pump Example

o # of pumps to run for lowest pump power?

e Pump kW Sequence Model — based on
specific hydronic system and affinity laws.

« Adaptive algorithm auto resets setpoint to
minimize pump power.

Example: kW Sequence Model - 3 Pumps
I {
= [(* Model: BG 6x8x8 o
kW evaluated after each lag = [|* Head: 85 feet
mp sequence operation \ § | Flow:1700 Gim Pumps
pump seq P ° =
ON setpoint for 1st sequence \
operation using model _
i i _’%} - P Lead + Lagad |
ON sgtpomt for next operatlon_/ T ond pum:rmweapuma%agv
using adaptive algorithm P
A A oy A A 100%




Energy/Cost Savings Projections

Baseline

Annual Production: 19,875,000 ton-hours

Plant Average Low Load: |435 Tons @ 4.5 °F AT

Plant Average High Load: | 6,725 Tons @ 11.7 °F AT

Projected Savings

Efficiency Improvement: |0.23 kW / ton

Reduced Power Usage: 4,600,000 kWh

$410,000

Cost Savings:



Actual Project Energy/Cost Savings

Project Payback

Total Project Cost
Utility Rebate

Annual Projected Savings

Simple Payback

$2,175,000
$385,000

$402,000
(blended average 9¢/kWh)

Without rebate: 5.3 years
With rebate: 4.3 years



Identifying Optimization Opportunities

System Size: Cooling Production is Key

« 3,000,000 ton-hrs annually, based 10¢/kWh
« Usually > 800 tons installed capacity

Observable Problems / Conditions

« Unable to meet demand/redundancy.
« Add chillers for flow rather than cooling.



Identifying Optimization Opportunities

Hydronic issues / symptoms

- AT more than 3° below design.

- Primary/secondary or CS w/ 3-way valves.
- Excess flow / bypassing.

. Leaky/broken coil control valves.

- Balance valves on constant speed pumps.

Control Issues

- Manual control / frequent intervention.
- Make-it-work sequence of operation.
. Failed / non-calibrated instrumentation.



Typical Results / Expectations / Example

e Savings: .1 to .4 kW per ton, or ~ 20% - 50%.

2 /'orksheet EXAMPLE

Primary / Secondary Constant speed / 3 way

Typical BAS Control Manual operation
Make-it-work sequence No automatic sequence
Reasonable oversight Nobody paying attention
Current control system Old / obsolete control




Typical Results / Expectations / Example

Chiller Plant Upgrade Worksheet EXAMPLE
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Please submit any questions through the Question Window
on your GoToWebinar interface, directing them to Chiller &
Cooling Best Practices. Our panelist will do their best to
address your questions, and will follow up with you on
anything that goes unanswered during this session.

Thank you for attending!
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