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 Chris Mansour holds a BS in Construction Science, MS in Engineering and an MBA. He has 
served as a Design Engineer/PM on 15+ million square feet of MEP construction and 
energy projects with project sizes in excess of one million square feet and project costs 
as high as $8 billion.  He has written standards, guidelines and specifications for 
commercial and institutional organizations.  Chris has conducted hundreds of energy & 
forensic studies identifying energy saving opportunities and risks, diagnosing 
underperforming systems and prescribing cost effective solutions.  He holds the 
following professional credentials:

 Licensed Engineer (PE)

 Certified Energy Manager (CEM)

 LEED “Accredited Professional” (LEED-AP)

 Certified Building Commissioning Professional (CBCP)

 Certified Green Building Engineer (GBE)

 Certified Thermographer

 Certified Plumbing Designer (CPD) ASPE

 ASHRAE MEMBER

 Member of Association of Energy Engineers
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 Primarily focusing on air-cooled chiller 
compressor topics (magnetic  vs traditional):

 SYSTEM INTEGRITY

 SYSTEM PERFORMANCE

 SYSTEM EQUIPMENT COSTS

 SYSTEM LIFECYCLE COST, ENERGY , AND 
MAINTENANCE

 MAGNETIC BEARING AIR-COOLED 
COMPRESSOR 
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Air-cooled, heat is rejected to the ambient air. 

Water-cooled, heat is rejected to some other water source like cooling towers

Water-cooled:

Efficiency 0.33-

0.6 KW/Ton

More 

maintenance

More controls 

and components

Air-cooled :

No cooling 

tower or water 

treatment 

Less 

maintenance

Usually runs 

between 0.83 

and 1.35 

KW/Ton for 

high 

efficiency 

systems

Efficiency is the driving factor for selection:

Water-cooled: 0.33-0.6 KW/Ton

Air-cooled: 0.83-1.35 KW/Ton

Unitary: 1.3-2.8 KW/Ton
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What if you could reduce 
maintenance & maintain 
close to water-cooled 
chiller efficiencies?
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Air-cooled chillers predominately fitted with scroll or
screw compressors with the majority utilizing scrolls.

Scrolls used on most packaged rooftop and split

Similar efficiencies for air-cooled & split / rooftop DX
systems

Screw compressors have similar energy performance
along with inherent noise and vibration characteristics

Reciprocating compressors also have similar energy
performance and are known to be loud

Scroll and screw compressors are prone to mechanical
failure due to lack of oil return.
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Scroll Screw

Scroll compressors are 

typically ganged due to 

limited capacities, i.e. a 125 

ton air-cooled chiller may 

have up to 6 scroll 

compressors.  This 

configuration allows for 

redundancy while increasing 

likelihood of mechanical 

failure.

Screw compressors are 

known to be loud and prone 

to vibration.  Failures can 

occur from excessive 

vibration and oil return.  

These compressors are 

expensive to maintain due to 

shaft alignment and bearing 

maintenance.  

9.6 – 13 EER9.6 – 19.3 EER

I have elected to exclude rotary & reciprocating due to the 

prevailing market of air-cooled chiller compressors; click 

the icon (left) for more information. 7



‣ Scroll and screw compressors use oil to lubricate 
and protect mechanical components.

‣ Results of ASHRAE Research Contract RP-751 
suggest that a 15% oil buildup can reduce 
equipment efficiency by up to 50%. 

‣ A high efficiency 15 EER air-cooled scroll chiller 
could encounter diminished efficiencies of 12 
EER with part load efficiencies of 14.8 EER.  

‣ This phenomenon has been known to occur 
within the first five years of operation.

ASHRAE 

Report
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 Up front purchase costs for air-cooled scroll 
& screw chillers range from $450 to $550 per 
ton depending on the efficiency, size and 
miscellaneous features.
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The magnetic bearing centrifugal
compressor was invented by
Thermodyne in 1980 in France.

This compressor was used in the
petrochemical industry with great
results- 30 years no failures

 The first compressor of this type
was introduced into the HVAC
industry in the early 1990’s by
Turbo-Core.

Since this release Turbo-Core has
reported zero compressor failures.
Turbocor originally offered their
compressor on water-cooled
chillers.

 Turbocor now applies their
compressor to to air-cooled chillers.
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Magnetic bearing centrifugal compressors are oil free.

Eliminates additional power for moving oil 

Eliminates fouling the evaporator lines with oil residue 

Eliminates failure due to oil return
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 New air-cooled chillers:$1000 to 
$1100 per ton

 Magnetic bearing compressor: 
$32,000

 Water-cooled retrofits: $240 to 
$370/ton

 Air-cooled retrofits: $50,000 to 
$65,000 per compressor
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 The analysis was run in Trace 700 8760 
hourly analysis software

 This data represents costs for equipment, 
maintenance & energy for two 125 ton air-
cooled chillers represented by York, Trane & 
Smardt Chillers.
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*NOTE these energy costs reflect whole building energy including 

receptacle power- the only difference between the alternatives are 

the chillers and associated equipment (15 hour/day op).

York HE (scroll)

Turbocor

Trane HE (scroll)
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*Notice the percent of time the system operates as 75% load or better

15



Percent Load Cooling KW York KW Turbo % Hours

Percent KW Percent KW Design Tons at tons at tons 5221 Hr/year

22.3 21.8 18 7 5 13.6 43.6 14 15%

44.7 46.2 31 12.6 10 27.2 43.6 14 12%

67 81.7 62 33.5 20 54.4 43.6 14 15%

77.7 93 94 80.9 30 81.5 68 28 19%

100 139 100 167.2 40 108.7 88 39.2 15%

50 135.9 140 53.06 7%

60 163.1 152 62 8%

70 190.3 174 98 5%

80 217.4 188 132 3%

90 258.2 246 156 1%

100 271.8 278 334.4 1%

133.1636 85.87818

83.352 KW

37.0662 KW

York Unloading TurboCore

Air Cooled Chiller Performance Typical Office Building Profile

Avg York KW/Ton/Yr/%Hr/%Loaded

Avg TurboCore KW/Ton/Yr/%Hr/%Loaded

22.3, 21.8

44.7, 46.2

67, 81.7
77.7, 93

100, 139

18, 7 31, 12.6

62, 33.5

94, 80.9

100, 167.2

0 20 40 60 80 100 120

Unloading Curve, Scroll Vs Turbo-Core

Typical High Efficiency Scroll Turbo Core

The Turbo-Core Vs Scroll air-cooled Chiller Analysis is based on Waco State 

Office Building: 98,000 Square feet, 250 tons of cooling, (2) 125 ton chillers, 

16 hour, 5 day week operations, Variable primary distribution, Estimated 

$0.10/KWH, $10/KW demand (summer & winter); these rates are thought to 

be conservative; it should be acknowledged that the control system for the 

Turbocor is performing KW limiting to enhance energy savings through part 

load operations.
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 The analysis was run in Trace 700 8760 hourly analysis 
software

 This data represents costs for equipment, maintenance & 
energy for two 125 ton air-cooled chillers represented by 
York, Trane & Smardt Chillers.

 An $125,000 premium is applied on the centrifugal 
magnetic compressors

 A $4000 premium on for York over the Trane chiller.  

 Energy taken at $0.10 KWh & demand @ $10 per KW

 A three year payback is estimated.  

*NOTE these energy costs reflect whole building energy 
including receptacle power for (5) 15 hour days - the only 
difference between the alternatives are the chillers and 
associated equipment.
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These maintenance costs were obtained from 

maintenance records for two 125 ton, 12 year 

old air-cooled chillers.  These chillers are 

scheduled to be replaced within three months.

York HE
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Upfront costs and typical 

maintenance costs were 

taken from historical 

accounts from owners
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This data represents costs 

for equipment, 

maintenance & energy for 

two 125 ton air-cooled 

chillers for York, Trane & 

Turbo-Core (represented 

by Smardt Chillers).  

Notice there is an 

$125,000 premium on the 

centrifugal magnetic 

compressors, a $4000 

premium on for York over 

the Trane chiller.  In this 

case, with energy taken at 

$0.10 KWh & demand @ 

$10 per KW, a three year 

payback is estimated.  

*NOTE these energy 

costs reflect whole 

building energy 

including receptacle 

power- the only 

difference between the 

alternatives are the 

chillers and associated 

equipment.
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 Representation is equally important as 
performance: As of 1/31/2010 York, McQuay, 
Multistack & Smardt offer magnetic centrifugal 
compressors on their chillers (water-cooled). 
YPS & Texas Chiller Systems, both local 
companies, are certified on Turbocor 
compressors.

 Smardt & Multistack are currently the only 
manufacturers offering an air-cooled version in 
the Texas region.  However there are a dozen 
other manufacturers that also offer an air-
cooled version and more are expected to 
follow:
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For about the first 10 years 

the technology was only 

utilized by a couple of 

chiller manufacturers.  

Since 2002 eight other 

manufacturers have 

followed suit including the 

3 of the “Big 4”, York, 

McQuay, Trane.
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 The Turbo-Core, magnetic centrifugal compressor has been applied in many 
retrofit applications with success on both air & water-cooled systems:
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This information is posed on DOE’s website and listed as an 

effective emerging technology for energy savings.
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 Blog postings between 2004 & 2006 indicate a number of 
electronic failures

 Blog postings between 2007 & 2009 indicate vast improvements 
with failures significantly reduced

 Vendor source indicates that the magnetic bearing compressor 
does not have enough lift to maintain 44 LWT at 95 F ambient, 
however over a dozen air-cooled manufactures sell air-cooled 
versions, and Leander ISD, a local school district, has operated an 
air-cooled magnetic bearing chiller as high as 108 F successfully.

 A number of retrofits have been applied to existing chillers, early 
installations reported a number of electronic problems which 
were resolved by applying a more robust component enclosure to 
keep moisture and dust away from the electronics.
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Two common complaints:

1. A number of electronic failures due to component enclosure.  
Today that enclosure has been improved to keep moisture 
and dust out and electronic failures have been drastically 
minimized.

2. A learning curve for HVAC technicians- many blogs were 
started concerning the magnetic bearing chiller.  Early 
postings nearly questioned and protested the application.  In 
the past couple of years the posts have evolved toward 
question and answer blogging, sharing experiences and 
solving problems.
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 Although this technology has been 
improved recommendations have been 
made to purchase a 5 year warranty and 
mandate training for the compressor.

 It is likely there will be continued 
challenges, as with ALL chiller systems.  
With this said there is a consensus that the 
energy savings, nearly twice as efficient as 
traditional air cooled chiller compressors, 
far outweigh the above stated problems.
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After interviewing Amandeep Singh, Energy Engineer for Center for 
Sustainable Energy, California:  

 Since 2004 San Diego County implemented 100’s of magnetic 
bearing centrifugal compressors on surrounding city, county and 
state buildings.  

 Although the program had some rough startups due to either initial 
calibration or electronic failure it has continued and is considered to 
be a big success.  

 There have been no compressor failures and since the start of the 
program there have been minimal electronic failures.  

 They have also not experienced a lift problem on air-cooled chiller 
applications.  

 The program has been successful enough that it is expanding and 
the prescription for the magnetic bearing compressor comes nearly 
automatic for both air and water-cooled chillers provided that the 
chillers do not operate at peak loads.
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With all things considered this technology has matured to 
a point where advantages outweigh disadvantages.  
Limited implementation should be risked to prove these 
discovered advantages, learn the maintenance pitfalls, 
other costs of operation and capitalize on efficiencies.  
This implementation should be thought of as a 
multipronged program with extended maintenance 
agreements, maintenance training, operations training 
and energy monitoring for energy savings.  
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