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ASHRAE Technology Award Submittal 
225 W Washington, Chicago, IL - Chiller Plant Replacement 

Introduction 
In the client’s pursuit to fulfill a firm-wide goal of being an industry leader in energy efficiency, sustainability, and 
environmental impact reduction, the property management at a commercial office in the central business district 
of Chicago approached an engineering design team to complete a chiller plant replacement project. The existing 
equipment that was to be replaced included two 750-ton variable speed chillers, two constant-speed chilled water 
pumps, and three constant-speed condenser water pumps. Over the course of the project, the design team 
worked with facility management and building operators to determine how the cooling needs of the building 
would be served in the future, with specific interest in the first cost, energy usage, operation, and serviceability of 
the equipment. In addition, the location of the building required careful consideration in regards to the ingress 
pathway of the new equipment. 
 
Energy Efficiency 
As is the case with most equipment replacements, one of the critical outcomes of this project was to reduce the 
energy usage of the central cooling equipment for the building. The existing equipment was nearing the end of its 
useful life and in order to keep the machines on-line required each chiller to be operated in an inefficient manner, 
which will be outlined further below. The design team received seven equipment selections from four major 
water-cooled chiller manufacturers in a range of efficiency options. (See Table 1.) These included chillers using 
magnetic levitation and ceramic bearing compressors and traditional oil-based compressors. 
 

 
Table 1: Chiller Comparison Table, Final Selection Highlighted 

 
In comparing energy usage of each option in a fair manner, a custom building load profile was built using the 
operating logs of the existing chillers and historical weather data. This building load profile was used to simulate 

Manufacturer Manuf. A Manuf. A Manuf. B Manuf. C Manuf. C Manuf. D Manuf. D

Model Option 1 Option 2 Option 1 Option 1 Option 2 Option 1 Option 2

Number of Compressors 1 1 1 1 1 3 2

Compressor Type Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal

Bearing Type Magnetic Magnetic Magnetic Oil-lubricated Oil-lubricated Magnetic Magnetic

Refrigerant R-134a R-134a R-134a R-134a R-134a R-134a R-134a

Rated Capacity (tons) 740 740 730 729 729 444 740

NPLV (kW/ton) 0.3389 0.3278 0.3297 0.3745 0.3782 0.3196 0.3321

PLV - 100% (kW/ton) 0.6102 0.5843 0.5869 0.6076 0.6127 0.5996 0.2434

PLV - 75% (kW/ton) 0.4308 0.4155 0.4245 0.4332 0.4377 0.4039 0.414

PLV - 50% (kW/ton) 0.287 0.2778 0.2804 0.3218 0.325 0.2722 0.2929

PLV - 25% (kW/ton) 0.3066 0.298 0.3018 0.4192 0.4237 0.2862 0.2712

Evap delta P at rated flow (ft) 15.2 17.6 19.2 26.7 26.7 7.02 8.83

Cond delta P at rated flow (ft) 14.7 11.5 16.7 15.4 15.4 8.87 9.39

Minimum Circuit Ampacity 754 719 752 740 725 402 672

Maximum Overcurrent Protection 1200 1200 1051 1200 1200 525 971

Cost for two Chillers ($373,500) ($425,162) ($379,000) ($304,325) ($350,875) ($403,102) ($469,985)

Additional Price A - 2nd Year Warranty ($12,000) ($12,000) ($4,500) ($9,750) ($11,450) ($7,925) ($15,720)

Incentive Value $119,250 $124,500 $121,508 $100,980 $98,933 $73,251 $117,623

Chiller Equipment Cost ($271,250) ($317,662) ($261,993) ($213,095) ($263,393) ($337,776) ($368,083)

Elect. Usage (kWh/yr) 234,302 225,918 239,639 285,247 289,160 177,579 201,592

Chiller Plant Operating Cost ($19,025) ($18,345) ($19,459) ($23,162) ($23,480) ($14,419) ($16,369)

Annual Maintanence ($6,500) ($6,500) ($6,500) ($6,500) ($6,500) ($6,500) ($6,500)

Planned Tear Down (10th and 20th years) ($3,500) ($3,500) ($3,500) ($9,000) ($9,000) ($20,000) ($20,000)

Net Present Worth 25 yrs  with 6% ($579,109) ($614,192) ($579,138) ($581,914) ($633,426) ($597,349) ($650,866)

Life Cycle Rank 1 5 2 3 6 4 7
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and compare each of the chiller selections received. The eventual chiller that was selected placed only fourth out 
the seven options in terms of energy usage yet still resulted in an estimated annual savings of 221,295 kWh and 
$17,970. These savings take into account a conversion from constant speed pumping to variable speed pumping 
for the chilled and condenser water pumps. 
 
Indoor Air Quality 
Not Applicable 
 
Innovation 
In addition to the traditional service of an engineering consultant, the design team assisted the owner in a unique 
project delivery model. In order to satisfy a fast construction schedule and have the chillers in operation for the 
next cooling season, the design team negotiated a pre-purchase agreement with the chiller manufacturer to begin 
production before an installing contractor was selected. The size and weight of each component was critical 
since each would be lifted by crane down a 12’ gap between buildings and brought through a 4’ x 8’ louver into the 
chiller room. The design team consulted a rigging contractor to help determine the most practical ingress route. 
The winning chiller manufacturer was able to deliver the chiller broken down as individual pieces rather than 
factory assembled cutting cost and time for the mechanical contractor to recapture refrigerant and disassemble 
the chiller before delivery to the jobsite.  
 
Operation & Maintenance 
The two existing chillers were each sized for the building load and would run in lead-lag configuration. Although 
this provided the building with redundancy, the age and condition of the existing equipment would not allow 
operation below 30 percent load. This resulted in additional energy use throughout the entire cooling season and 
poor control of chilled water system. The new chillers are equivalent in capacity but can be controlled down to as 
low as 8 percent observed during actual operation. 
 

Along with better operating characteristics, the new chillers use magnetic levitation compressors eliminating the 
need for oil to be maintained. The compressors do, however, require a battery replacement at 10-year intervals 
during the life of the equipment. The design team offered for the new chiller barrels to have hinged endcaps at the 
non-piping connection end. This non-conventional option allows the evaporator and condenser tube bundles to be 
punched without additional equipment and provides ease-of-maintenance staff. 
 

Cost Effectiveness 
The pre-purchase agreement allowed the chilled water plant to be designed around the exact equipment that was 
to be installed. This greatly reduced the possibility of large change orders and minimized construction delays. 
There was an ability to best size the chilled and condenser water pumps to the actual flows and water pressure 
drops of the evaporator and condenser barrels. A more traditional project delivery would require coordination 
between the pump selections and chiller selection of the installing contractor to provide pumping at the best 
efficiency point. This project was submitted to the local utility’s energy efficiency incentive program. At the time of 
construction, the utility offered certain bonuses which applied to the project and the design team was able to help 
secure a total incentive of $300,000 which was paid back to the building owner upon project completion. 
 

Environmental Impact 
The existing equipment used R-12 refrigerant which is no longer allowed to be used in HVAC applications. 
Procuring R-12 presents quite a problem as well as it is no longer approved for production. These worries were 
addressed and eliminated due to the new chillers utilizing R-134a, a more environmentally friendly alternative.  
 

The reduction in energy usage and therefore, carbon emissions, in the amount of 221,295 kWh equates to taking 
33 cars off of the road, powering 27 households for a year, or equaling the carbon sequestered by 184 acres of 
forest. [1] 
 
[1] https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator 

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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Flow Diagrams 

 
Figure 1: Existing System Flow Diagram - Demolition Scope 

 

 

Figure 2: System Flow Diagram - New Construction Scope 


