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INTRODUCTION 

The proposed benefits of oil-free, magnetic bearing 
chillers have been widely marketed, and many 
current trade journals include multiple references to 
these chillers.  Interestingly, the benefits of chillers 
that offer variable speed screw technology with pure 
speed capacity control1 have not received the same 
attention.  This paper will compare and contrast the 
two technologies and illuminate a simple, logical 
approach to higher energy savings. See Table 1 for a 
comparison summary. 

 
ACHIEVING HIGHER EFFICIENCY 

In the case of oil-free magnetic bearing chillers, 
eliminating energy losses due to friction and

                                                 
1  The use of mechanical unloaders of any kind is not required 

under normal operating conditions. 

reducing  resistance  to  heat transfer are marketed as   
contributing to higher efficiency.  In the case of 
variable speed screw chillers with pure speed 
capacity control, the elimination of mechanical 
unloaders and surge are, in contrast, marketed 
primarily as reliability and operational flexibility 
benefits.  Equipped with these explanations, and 
provided only with the chillers’ efficiencies as 
shown in Figure 1, can you tell which of the chillers 
shown is oil free? 

The answer may surprise you. The chiller on the left, 
with the higher kW/ton value, is the oil-free chiller; 
the more efficient chiller on the right is the variable 
speed screw chiller.  This result is consistent across a 
wide range of capacities in which the two 
technologies are offered, as shown in Table 2. 

 

 
 

 

Centrifugal Chillers with Oil-Free Magnetic Bearings Screw Chillers with Pure Speed Capacity Control

 Frictionless bearings* 
 Improved heat transfer† 
 Less service and maintenance** 
 Low Sound 

 No losses due to mechanical unloaders 
 No use of hot gas bypass to prevent surge 
 Less service and maintenance 
 Low sound 

* Main bearings require power for the levitation system, operating at higher motor speeds may increase in windage 
   losses.  Touchdown (back up) bearings are anti-friction bearings.   
† The impact of the studied benefit is still less than 0.1 – 1% depending on load, ignoring the benefit of oil “wetting” on the  
    upper rows of evaporator tubes.  
** Magnetic bearings include multiple sensors and coils as well as the electronics to control and power them. 

Table 1 – Comparison of Claims 
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average values can be convenient but it can also 
oversimplify.  Consider a spring day with a cool 
morning and a warm afternoon.  In the morning the 
building requires some heat and in the afternoon 
some cooling.  On average, the building requires 
neither heating nor cooling but you should not 
expect your utility bill to reflect this average.   The 
same is true for BIN data.   

Within each load BIN, chillers operate over a wide 
range of conditions.  On average, the chiller may be 
operating at 75% load with 75 F entering condenser 
water temperature.  In actual operation, the loads and 
condenser water temperatures vary above and below 
the average.   Figure 12 compares chillers of similar 
full load kW/ton to evaluate the variance between 
the 75% point published and the surrounding 
operating points.  We find that IPLV uses the 
average operating point, not the average efficiency 
for the range of operating points.   

For the variable speed centrifugal chiller evaluated, 
the average of operating points A,B,C,D is 5.6% less 
efficient than the rating point.  For the variable speed 
screw chiller evaluated, this variance is just 1.5%.  
These results are consistent with the compressor 
behavior presented earlier.  For centrifugal chillers 
operating at warmer temperatures, the head limits 
speed reduction and mechanical unloaders must be 
used.  At colder temperatures, the centrifugal 
compressor is over compressing.  The average 
efficiency resulting from the use of mechanical 
unloaders and over compression is not equal to the 
IPLV rating point, but is actally 5.6% lower!   

Earlier we presented AHRI certified data showing 
that oiled screw chillers have better IPLVs than 
centrifugal chillers.  Here we see that in actual 
operation, the advantages are likely larger than the 
full load and IPLV metrics would indicate.  As we

move from IPLV to actual operation, the impact of 
averaging alone accounts for a large variance in 
operation.   This observation leads to the following 
question:  What other common issues experienced in 
actual practice impact chiller performance, and do 
they impact screw chillers differently than 
centrifugal chillers?   

 

The Counterintuitive Energy Retrofit Case 

A facility manager once boasted that his load had 
been significantly reduced by installing a new roof, 
new lighting and other changes.  Based on his new 
lower cooling demands, he intended to upgrade his 
chillers to new units that specifically featured great 
efficiencies at part load.  The solution was counter 
intuitive.   The chiller that had the higher kW/ton 
(worse) values listed at the 50% and 25% load points 
at AHRI operating conditions was actually better.  
Reviewing in more detail we find that while he 
lowered the cooling demand, he could not lower the 
outdoor wet bulb.  The AHRI IPLV efficiencies 
listed at 50% and 25% load are based on 65 F 
entering condenser water.  His new chillers would be 
operating at these new lower loads, but with the 
warmer condenser water temperatures normally 
associated with chillers operating at higher loads.  In 
essence, he had shifted his operating profile, creating 
oversized chillers.  Only after accounting for both 
load and condenser water temperature did the 
answer become clear.  Centrifugal chillers operated 
at high speed due to head requirements and used 
mechanical unloaders to get to 50% and 25% load.  
Screw chillers could use speed control alone, even 
with high entering condenser water temperatures, 
yielding true energy savings.  

 

 
 

 
 
 
 
 
 
 

A B A B
62.5% 87.5% 62.5% 87.5%

80F 0.525 0.5 80F 0.448 0.483

70F 0.376 0.398 70F 0.346 0.381
D Average of Four Corners = 0.45 kW/Ton C D Average of Four Corners = 0.415 kW/Ton C

Variance =1.056 Variance =1.015

Centrifugal Chiller Screw Chiller

0.426

Entering 
Cond 
Water 
Temp.

Load Load

Entering 
Cond 
Water 
Temp.

0.409

IPLV reflects the average operating point, but the numerical average of operating at points ±5ºF and ±12.5% 
capacity above and below the IPLV point can be 5.6% worse for centrifugal chillers.

Figure 12 – Comparison of Actual Operating Loads to Average Loads 
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Warm Climates 

In warmer climates, the speed of a centrifugal chiller 
is more likely to be dictated by the head required.  
This increases the use of mechanical unloaders and 
increases the expected relative operating savings of 
using variable speed screw compressors with pure 
speed capacity control. 

 
CHILLER PLANT OPERATION: 

IDEAL vs ACTUAL OPERATION 

A typical life cycle analysis often assumes that a 
chilled water plant will not only achieve ideal 
operating conditions, but sustain them over a 25-year 
period. Ignored are the less than  stellar maintenance 
practices, wear and tear, imperfect controls, low 
delta T syndrome, the fact that the equipment is 
oversized by 10 to 15% and, of course, unusual 
override requirements.  What impact will these 
factors have on the chiller operating condition?  The 
operating point is moved further from the ideal 
speed curve of a centrifugal chiller.  As we move 
away from this point, the difference in compression 
matters more.  

An interesting exercise to demonstrate this impact 
would  be  to  perform  a  sensitivity  analysis  on  a 
life-cycle evaluation. Change the simulation 
assumptions to reflect an actual load of 85% of the 
nominal chiller nameplate capacity. To simulate 
poor maintenance, use a tower approach of  10 F 
instead of 7 F. The results will show the effects of 
actual operating conditions on chiller performance.  

 
Performance Degradation over Time 

The concept of performance degradation over time 
occasionally sparks some debate. Some have 
suggested oiled chillers may worsen over many 
years of operation due to an assumed increase in oil 
concentration.  There is no evidence to support this 
occurrence on modern positive pressure chillers.  
With respect to oil concentrations in the field, an 
ASHRAE subcommittee noted that, “the data is 
extremely sparse and statistically insignificant.”15  
Any nominal impact of oil is already included in the 
AHRI submittal data and reflected in the approach 
temperature both on the submittal and in test results.   

                                                 
15 RTAR from Subcommittee 8.2 “Oil Concentration of Field-

Installed Chillers with Flooded Type Evaporators.”    

Despite the seemingly large numbers often 
referenced in claims of oil impact on heat transfer, 
the actual impact of oil is a fraction of a fraction of a 
fraction, totaling just 0.1 % to 1% of the total losses 
in a chiller, as shown earlier in Figure 3.  Oil-related 
losses are included in the AHRI certified 
performance.    Comparisons of AHRI submittals 
reveal oiled chillers may have lower approach 
temperatures than oil-free chillers.  Much is made of 
the impact of oil, but it is machine design and heat 
exchanger surface area that drive performance. 

The approach temperatures of chillers and the 
instances requiring corrective action are commonly 
logged.  Common causes of increasing approach 
temperatures are tube fouling, low refrigerant charge 
or issues with the metering device between the 
condenser and evaporator.   Low refrigerant levels 
may contribute to oil accumulation in the evaporator 
and therefore, oil is often blamed; however, the 
actual cause of the change in performance is the low 
refrigerant charge.  If the refrigerant charge level is 
adjusted to the appropriate level, the approach 
temperature will decrease.  If  all of the oil is 
removed from the evaporator and the refrigerant 
level is not corrected, the approach may actually get 
worse because the refrigerant level is still not 
covering the tubes and without the wetting benefit of 
oil, further degradation may occur.   

Rather than focus on any one hypothetical cause of 
performance degradation for marketing gain, we 
should instead recognize that the maintenance of 
high performance variable speed chillers is more 
valuable than ever.  Poor maintenance practices of 
many kinds have a common symptom.  The head 
required of the compressor will rise.  Poor tower 
maintenance, poor water treatment, skipping tube 
brushing, low refrigerant charge and many other 
issues all result in higher approach temperatures 
which increase the head on the compressor.  In the 
case of centrifugal compressors, raising the head will 
raise the speed, and now the poor maintenance 
practice has elevated the power by the cube.  A 
variable speed screw chiller speed is largely 
unaffected as lift increases.  So while power will 
also increase, it is less sensitive to such issues.   
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