Daikin Blueprint: Five New Strategies to Reduce
Operational Expenses for Air-cooled Chillers

Explore financial impacts that can save your budget
Commissioning cash-on-cash returns of 91% for existing buildings and 23% for new buildings
Proper commissioning and operational service of equipment has a significant impact on an owner’s
operational budget. This article explores the following financial impacts on air-cooled chiller
equipment:
• Energy costs ranging from $1,300 to $23,700 per year, modeled to various geographic locations
and building types
• Commissioning cash-on-cash returns of 91% and 23% for existing and new buildings
• Maintenance programs to prevent up to a 36% reduction in the expected life of the chiller and a
23% reduction in energy efficiency
• Remote monitoring and virtual inspection reports that can save $1,000 to $2,000 per year through
more efficient issue resolution and response efficiency
Daikin’s SiteLine™ Building Controls platform helps a building owner and service technician achieve
these operational goals and provides specific capabilities in the aforementioned operational
categories.
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Energy monitoring to increase efficiency

A chiller’s energy usage and cost can be a significant source of a property manager’s operational and
maintenance (O&M) budget, particularly influenced by operating hours, building occupancy, occupant
comfort, and geographic locations. Proper maintenance and monitoring of chiller equipment can prevent
degradation in energy efficiency—a degradation that could exceed 20% in the absence of proper service,
maintenance, and operational control. The energy modeling results shown on page 4 four, model
energy cost penalties at 5%, 10%, and 20% of two buildings. As shown in the models, Chart 1.1 and
Chart 1.2, inefficient chiller operation may drive a result in costs of $1,200 to $23,700 annually.

Energy Modeling Results
To quantify the energy cost associated with impaired chiller performance, two energy models were
conducted using the Department of Energy’s EnergyPlus™ building energy simulation tool and
corresponding TMY-3 (typical meteorological year) weather data. The models were run for representative
cities located in ASHRAE Climate Zones 1 through 6. The first model is a small hospital with moderate
internal loads and extended operating hours; the second model is a large office building with light
to moderate internal loads with Monday through Friday operating hours. A chiller plant with no
decrements in performance was compared to chiller plants with 5%, 10% and 20% performance
degradation. See Appendix for modeling details.
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Chart 1.1: Increase in annual energy costs due to chiller performance degradation – Hospital Building; 289 – 546 tons of chilling
(dependent on climate zone)
Annual Energy Expense due to Chiller Performance Degradation
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Chart 1.2: Increase in annual energy cost due to chiller performance degradation – Office Building; 306 – 491 tons of chilling
(dependent on climate zone)
Increase in Annual Energy Expense due to Chiller Performance Degradation
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Based on the results of the simulations, we see performance degradation due to lack of maintenance,
improper operations, or improper configuration will have a tremendous impact on the overall operating
cost of the chiller.
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SiteLine Building Controls – Energy Monitoring
SiteLine Building Controls offers important capabilities to building owners and HVAC professionals who
need to monitor the energy efficiency of their chiller equipment. SiteLine Building Controls directly
monitors the energy consumed by equipment and then packages the energy data into easy-to-interpret
graphs, dashboards, and tables. Figure 1.1 is an example of a trend that tracks energy usage in parallel
with the evaporator entering and leaving water temperatures of the chiller. SiteLine Building Controls
synchronizes data with ENERGY STAR® Portfolio Manager®, and displays the ENERGY STAR score for the
building in the controls customer dashboard, as shown in Figure 1.2.
Figure 1.1: Evaporator entering and leaving water performance vs. Hourly energy

Figure 1.2: Energy Star Portfolio Manager summary
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Commissioning to dial in equipment for savings

The aim of efficiently commissioning new buildings is to ensure they deliver, if not exceed, the performance
and energy savings promised by their design providing many benefits to building owners and facility
managers. When applied to existing buildings, commissioning identifies the almost inevitable “drift” from
where things should be and puts the building back on course. In a study by Lawrence Berkeley National
Laboratory1 on 643 commissioned buildings, commissioning results included an average of 16% energy
savings for existing buildings and 13% for new construction, with cash-on-cash returns of 91% for existing
and 23% for new buildings. Commissioning benefits beyond energy savings, including reduced warranty
claims, longer equipment life, better thermal comfort, and reduced O&M spending. Figure 2.1 provides a
summary of benefits that were reported by building owners in the LBNL study:
Figure 2.1: Summary of commissioning benefits
Energy Savings

100%

Change Orders: Warranty Claims

100%

Longer Equipment Life

82%

Better Team Function

78%

Thermal Comfort

70%

Productivity and Safety

64%

Indoor Air Quality

64%

Improved Operation and Maintenance
Improved Labor Cost
Improved Turnover Date

50%
38%
32%

With the benefits reported from commissioning buildings, it is clear a risk management strategy integral to
installing and starting up HVAC equipment. Commissioning HVAC equipment ensures building owners get
what they pay for, and it assures facility managers more effectively their initiatives meet targets and avoids
problems that could surface as costly maintenance issues.

1 “Building Commissioning, A Golden Opportunity for Reducing Energy Costs and Green House Gas Emissions”. Author: Evan Mills,

Lawrence Berkeley National Laboratory. July 21, 2009.
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SiteLine Building Controls facilitates commissioning
SiteLine Building Controls takes commissioning to a new level of convenience, accuracy, and affordability
for building owners and their business partners. Building owners gain access to data with a convenient user
interface that creates commissioning reports, automatically logs controller setpoints, and builds monitorbased trending.
For example, Figure 2.2 displays SiteLine Building Controls monitor-based trending data. SiteLine Building
Controls provides permanent storage of operational data, never deletes data, allowing a building owner to
continuously capture data to build a baseline of HVAC performance during commissioning activities and postcommissioning runtime.
Figure 2.2: Monitor-based trending
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SiteLine Building Controls allows a building owner to thoroughly capture commissioning data for chiller
performance and start-up evaluation. Figure 2.3 and Figure 2.4 show the chiller commissioning procedure
and report, which includes options to report refrigeration system component status, design control
performance, and controller setpoint documentation.
Figure 2.3: Chiller commissioning procedure

Figure 2.4: Chiller commissioning report

Daikin service representatives use SiteLine Building Controls to improve the overall commissioning and
start-up performance of chillers, by creating alerts for issues via email notifications, with the ability to
remotely log in at any time to view chiller performance. Ultimately this translates to a more convienent and
cost effective way to monitor equipment performance, reducing unnecessary truck rolls and giving building
owners an alternative to the limited set of data provided by a BAS.
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Inspection reporting and preventative maintenance

Getting the most out of equipment assets and extending operational life expectancy are top priorities
for property managers and building owners. When factoring the high capital costs of purchasing and
installing chiller equipment, a well-planned and well-executed preventative maintenance (PM) program
yields significant dividends on the life expectancy, energy usage, and other operational costs of a
chiller. According to a Jones-Lang LaSalle2 study of 12 million feet of property management real estate,
preventative maintenance programs delivers ROI of 545% in a 25-year period. Specifically with chillers, this
study concluded that proper preventative maintenance would prevent a 36% reduction in the expected life
of the chiller and prevent a 23% reduction in energy efficiency. The study modeled expected PM costs at
$5,500 a year for a 350-ton operational chiller, resulting in a 400% ROI for reciprocating chillers and over
1000% ROI for centrifugal chillers over their lifetimes.
Figure 3.1: Jones-Lang LaSalle Preventative Maintenance ROI study

2 “Determining the Economic Value of Preventative Maintenance”. Author: Wei Lin Koo, Jones Lang LaSalle.

©2022 Daikin Applied

9

SiteLine Building Controls improves preventive maintenance programs
SiteLine Building Controls provides several key embedded features to help a facility manager improve the
quality and cost effectiveness of their preventative maintenance (PM) programs for chiller equipment. The
key features are (1) built-in inspection reporting capabilities, which can be used for virtual inspections or
to complement on-site inspection work; (2) built-in factory maintenance recommendations and periodic
reminders to execute PM; and (3) the ability for the facility manager to execute run time based PM programs
or customized programs based on operational conditions. We explore these three briefly on page 10.
1. Built-in inspection reporting
Periodic inspections of the chiller equipment are important to PM program success and the overall
maintenance program plan. SiteLine Building Controls offers a way to help technicians be more
efficient and accurate with inspection reports. SiteLine Building Controls has built-in inspection reports
that allow a technician to automatically obtain data from the chiller controller and electronically
complete the inspection report in the field using a smart phone, tablet, or other mobile, web-enabled
device. Whether a technician performs a virtual inspection or the mobile approach, this results in
time savings and a more accurate report for the building owner. Figure 3.2 displays a portion of the
complete inspection report generated.
Figure 3.2: Example portion of the inspection report
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2. Built-in factory maintenance recommendations
In line with the recommended factory maintenance guidelines, there is another key opportunity
to increase the effectiveness of preventative maintenance. SiteLine Building Controls matches the
Daikin recommended maintenance guidelines for all equipment shipped or retrofitted. A technician
can easily look up factory maintenance recommendations by month, quarters, annually, or other
periods of time that can be customized. Figure 3.3 is an example of the monthly maintenance
recommendations of a Trailblazer® AGZ air-cooled chiller.
Figure 3.3: Monthly recommend OEM maintenance inspections

3. Event-based maintenance
SiteLine Building Controls also supports management of a preventative maintenance program
with event-based conditions, such as runtime hours. Runtime hours are a typical PM approach for
automobiles, heavy-equipment, and other rotational-time types of assets. Figure 3.4 shows maintenance
that can be configured by events, such as runtime, and then added to a time-based interval.
Figure 3.4: Event-based (Runtime) maintenance notification
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Performance trends and analytics

An integrated monitoring solution, like SiteLine Building Controls, allows true intelligence to be built into
monitoring HVAC units in a way never before possible with a BAS. With knowledge of the engineering
values and normal ranges for the chiller, SiteLine Building Controls serves as a digital technician,
constantly monitoring the chiller’s operation to help identify issues before they turn into more costly
problems. SiteLine Building Controls can monitor such parameters as condenser and evaporator approach
temperatures, refrigerant pressure and compressor starts and runtime. For each value, SiteLine Building
Controls monitors changes over time, the data is helpful for identifying problems such as dirty condenser
coils or evaporators, failed fan motors, or system load fluctuations before they spiral out of control and
lead to chiller shutdown.
Examples of these trends and analytics capabilities include the following:
a.
b.
c.
d.
e.
f.

Condenser approach temperatures
Evaporator approach temperatures
Compressor starts and run time
Outside air temp lockout
Entering water temp vs. Energy consumed
Occupied/unoccupied load analysis – coasting opportunities

Figure 4.1 provides an example of a chiller that has a compressor cycling start and runtime problem. A
normal ratio of compressor starts’ run hours-to-starts should be greater than 1.0. In this example, the ratio
is 0.27 for Circuit 2, Compressor 1, indicating a cycling problem which could lead to inefficient operation
and damage the health of the compressor.
Figure 4.1: Compressor cycling problem
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Real-time monitoring for service and maintenance

Timely response to react to issues with equipment performance is a daily reality for operations and facility
management staff. Even with the best preventative maintenance programs in place, there are situations
requiring an emergency-based work order or triggering a tenant comfort complaint. SiteLine Building
Controls brings a higher level of value by providing the following opportunities to better support ongoing
service and maintenance programs.
Table 5.1: SiteLine Building Controls value by function
IE Capable
Functions

Operational Examples
Identify problems with equipment remotely – helps to document
work order, organize parts, and save truck rolls to decrease work
order charges.

Remote Monitoring

Remote monitoring is valuable for longer travel; and
geographically distant locations.
Work orders can be validated using remote monitoring after they
are completed – allows the facility manager to ensure the repair is
completed properly.

Historical Data – Never
Deleted

SiteLine Building Controls stores a permanent record of all
equipment data and does not delete any data. Helpful for building
out baselines, trends, and log files.

Log File reports can be created for all 325+ points in the chiller
controller, helpful for advanced troubleshooting.

Service Log
Documentation

SiteLine Building Controls allows a service tech to document
any repairs or emergency service work performed. Allows for a
documentation trail on work order activity and asset performance
such as runtime hour conditions.
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Average truck roll: $500 – $1,000
2 truck rolls per year saved on average
$1,000 – $2,000 O&M savings

Analysis of energy and equipment trend data
identifies unit improvement fixes:

Applied to Year-over-Year and Month-over-Month data
$1,000 – $5,000 per year energy savings
comparisons – allows user to track performance and energy usage.

Access to all Equipment
Data Points

Instant Notification of
Equipment Alarms

Value ($) and Benefit

Email instant notifications of equipment alarm issues; enhances
opportunity for faster response time and improved equipment
uptime.

Faster diagnosis of chronic equipment issues
Helpful for documenting history to improve
future work order activity and perform runtime
and event-based maintenance.
$500 – $1,000 O&M savings per year
Improved equipment uptime, fewer occupant
complaints and reduced dissatisfaction
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A. Remote monitoring examples
IoT connectivity to OEM-based HVAC and chiller equipment has opened up new opportunities for
remote monitoring that even traditional BAS systems could not cost effectively compete against
or meet various performance aspects such as data storage and data attribute limitations. With
IoT connected solutions, like SiteLine Building Controls, facility managers can connect via multiple
connectivity options (cellular, Wi-Fi, LAN) to realize remote monitoring benefits and enable
full insight into data attribute selection and data utilization. As exhibited in Figure 5.1, facility
managers who leverage remote monitoring are more productive managing the issue, not-to-exceed
amounts, and validation of work orders. This helps to control O&M budgets for chiller maintenance
spend. Figure 5.1 provides an example of how SiteLine Building Controls tracks the ability of a
service log to be documented and allows for the option of all equipment data to be submitted with
the request.
Figure 5.1: Log maintenance screen
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The remote monitoring capabilities of SiteLine Building Controls also lets the facility staff access a rich
set of data attributes stored in the chiller controller – an amount that far exceeds a point list available
by BACnet standards. This allows staff to see a deeper set of data for situations that require advanced
troubleshooting and data log comparisons. Figure 5.2 provides an example of how staff can create a report
that helps review relevant equipment data.
Figure 5.2: Available data reports
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B. Equipment uptime examples
A chiller’s uptime is critical to control the environment of an entire building, not just specific zones.
SiteLine Building Controls provides instant notification of alarms that directly affects on equipment
uptime. These alarms are sent by email and can be automatically forwarded to other stakeholders who
need to be notified. Low ambient outside air temperature and the loss of main power to the chiller are
two examples of two more frequent conditions that have an impact on chiller uptime. In Figure 5.3 and
Figure 5.4 are examples ofSiteLine Building Controls monitoring abnormally cold weather in the month
of May and notifing the user of an ambient temperature lockout alarm.
Figure 5.3: Alarm log

Figure 5.4: Chiller setpoint setup screen

Low
OAT
Lockout
set at
45°F
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Upon further investigation, it was revealed that the Low OAT Lockout setpoint was adjusted to 45°F –
a setting higher than the factory default. Figure 5.5 shows an example of a ground fault alarm issued
at a site that lost power. SiteLine Building Controls users were notified of the loss of power before the
operation staff onsite were aware there was a problem.
Figure 5.5: Ground fault power alarm (1/14/16)
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Summary
In conclusion, Daikin’s IoT solution, SiteLine Building Controls, is an effective technology platform
for saving thousands of dollars in costs when applied to commissioning and operational equipment
processes. The Chart 6.1 summarizes these costs and reveals where there is opportunity for tremendous
overall savings of $4,000 to $16,500 per year:
Chart 6.1: Cost value summary
Feature
Commissioning
Remote Monitoring

Next Best Alternative

Value Range

Recommissioning savings based on setpoint and optimizations. Can be used
to prevent truckrolls on start-ups.

$750 – $2,000

24/7 Alarm/Event Monitoring Service (per building); includes alarming and
notification; saves truckrolls that can cost $500 – $1,000 per truckroll.

$1,000 – $2,000/year

Preventive Maintenance,
Remote Inspection Reporting

SiteLine Building Controls has built-in inspection reports and can be used for
“virtual preventive maintenance inspections.

$750 – 1,500/year

Faster Issue Resolution and
Service Logging

SiteLine Building Controls provides access to over 325 points; allows service
logs to be documented. Helpful to diagnose issues faster and save $150/hour
in service charges.

$500 – $1,000/year

Unit Improvement Energy Analysis
and Data Retention

SiteLine Building Controls never deletes data and allows users to build
baselines, trends, and performance graphs to check energy usage and
equipment performance. Saves energy expenses.
Total Plan Value (Annual, per Unit

$1,000 – $10,000/year
$4,000 – $16,500

For more information on SiteLine Building Controls or information related to topics presented in this paper,
please consult any of the following sources:
To contact your local representative, visit: http://www.daikinapplied.com/sales.php
To learn more about SiteLine Building Controls, visit: www.DaikinApplied.com/SiteLine
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Appendix
Energy modeling methodology
The following cities were used in the analysis along with regional electrical rates (blended $/kWh)
based on information from the U.S. Energy Information Administration released on December 23, 2016
(http://bit.ly/1RYWdNK).
Table 7.1: Regional (Blended) electrical rates
ASHRAE Region
1
2
3
4
5
6

City, State
Miami, FL
Houston, TX
Los Angeles, CA
St. Louis, MO
Boston, MA
Minneapolis, MN

$/kWh
0.0914
0.0777
0.1586
0.0837
0.1542
0.0991

Two building energy models were created with energy use intensities (kBtu/(SF-Year) that aligned closely with
accepted standards based on building types. From there, the base chiller performance (i.e., a chiller plant
operating without performance decrements) was degraded by 5%, 10% and 20% by increasing the kW/ton at
full and part load.
Pacific Northwest National Laboratory (PNNL) provides information on EUI for prototype buildings using
inputs based on ASHRAE Fundamentals and 90.1 Standards (2004 and 2010). Hospital buildings are listed at
an average EUI of 131 (ASHRAE 90.1 2010) or 170 (ASHRAE 90.1 – 2004). (See PNNL-23269: “Enhancements
to ASHRAE Standard 90.1 Prototype Building Models.) The hospital model used in this study is a 150,000 SF
building operating 24 hours per day with a EUI ranging from 104 – 161 depending upon climate.
PNNL lists average EUI for large office buildings as 72 (ASHRAE 90.1 2010) or 85 (ASHRAE 90.1 – 2004).
The office model used in this study is a 200,000 SF building operating 12 hour per day Monday through
Friday and with reduced loads for six hours on Saturday. The EUI (Energy Use Intensity) ranges from 69 – 93
depending upon climate.
The hospital model uses a VAV supply air system with reheat and air-side economizing, a ventilation rate of
33% outside air, average lighting power density of 1.5 W/SF and average plug load density of 2.0 W/SF. The
building is served by two or three 200 ton air-cooled chillers, depending upon climate zone, with building
loads ranging from 289 to 546 tons.
The office model uses a VAV supply air system with reheat and air-side economizing, a ventilation rate of
16% outside air, average lighting power density of 1.1 W/SF and average plug load density of 1.5 W/SF. The
building is served by two or three 200 ton air-cooled chillers, depending upon climate zone, with building
loads ranging from 306 to 491 tons.
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