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Pumps

methods for testing pump performance and
efficiency: conventional  and thermody-
namic. Each method, when applied under
the right conditions, can yield accurate and

T
hrough the sponsorship of the
Ontario Power Authority (OPA)
Conservation Fund and the par-
ticipation of eight municipali-

ties, an industry-leading field assessment
and benchmarking study of the perform-
ance and energy efficiency of water
pumps was conducted by HydraTek &
Associates Inc., in collaboration with the
University of Toronto and Robertson
Technology Pty Ltd. of Australia. 

The purpose of the program was to
raise awareness of pump energy effi-
ciency to promote energy conservation
efforts. It involved testing more than 150
water pumps from a cross-section of mu-
nicipalities of varying size and locations
across Ontario, training workshops, and
the preparation of a report, which will be
made available in 2013. 

Technology
There are generally two acceptable

reliable results. The reality, however, is that
the piping configuration surrounding
pumps is often not ideal for certain meas-
urements, particularly in relation to flow.

Figure 1.  Efficiency loss for sample pump test.

Thermodynamic method used for pump 
performance and efficiency testing program
By Fabian Papa & Djordje Radulj
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Pumps

Both methods measure power input to
the pump motor and make assumptions
on motor efficiency. Both methods also
measure the head differential between the
suction and discharge sides of the pump.
The conventional method measures flow
directly and then calculates pump effi-
ciency, whereas the thermodynamic
method measures temperature gain in the
fluid across the pump which is a direct
measurement of the amount of energy
lost (i.e., inefficiency). 

The ability of the thermodynamic
method to measure pump efficiency di-
rectly and without the need for flow
measurements, which are often difficult
to obtain accurately and reliably in the
field, has earned it the reputation of being
generally the most accurate technology
available for this purpose. Furthermore,
with an accurate measurement of effi-
ciency, flow can then be computed.

It is also worth noting that the use of
the thermodynamic method allows for
multiple pumps to be operated during
testing. This is often not the case with the
conventional method, where flow meas-
urements are typically only possible on

common discharge headers.
The majority of the tests conducted in

this program employed the thermody-
namic method. In cases where this
method could not be used, or in cases

where comparisons between the methods
were sought, the conventional method
was used.

Figure 2. Example of pump refurbishment.

continued overleaf...
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Pump basics and overall results
Energy efficiency of a pump is the de-

gree to which it can convert the mechan-
ical power provided by its motor into
water power, being the combination of
flow and head (pressure). This efficiency
is variable across the applicable flow
range of the pump. It typically exhibits a
range where efficiencies are highest, as

well as a best efficiency point (BEP). 
Decisions relating to pump selection

and operation are generally based on
manufacturers’ information on head and
efficiency curves in relation to flow rate
for the pump in its original condition.
Over time, however, pump components
deteriorate, giving rise to lower efficien-
cies. The average age of the pumps tested

in this program was 25, with the oldest
being 61 years. Accordingly, some effi-
ciency degradation was to be expected.

Average peak efficiency of all pumps
tested was found to be 77.2%. Average
operating efficiency, being the point
where the pumps are most commonly op-
erating, was found to be 73.7%. These
values are considerably less than the av-
erage peak efficiencies of the pumps in
their original state (86.4%). Equally as in-
teresting is that the average wire-to-water
efficiency (i.e., the combined efficiency
of the pump, motor, and if applicable,
variable frequency drive) was found to be
less than 70%.

One of the parameters measured in
this program was termed the Efficiency
Loss. It is defined as the difference be-
tween the manufacturer’s original BEP
and the tested BEP. Test results indicate
that both the head produced by the pump,
as well as the energy efficiency with
which it does so, is significantly less than
its originally manufactured state. For the
sample test result shown, the Efficiency
Loss is 13.6%.The average of all test re-
sults is 9.3%. (See Figure 1.)

Overhead shot of pump testing.

Pumps

•  flexible modular design
•  golf courses, trailer parks, rural subdivisions
• surface, subsurface or re-use options
•  low maintenance, low energy, no aerobic sludge
•  seasonal or year-round operation
•  remote monitoring service

143 Dennis St., Rockwood, ON N0B 2K0
Ph: 519-856-0757 Fax: 519-856-0759

www.waterloo-biofilter.com

Sewage Treatment Systems
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Installation of thermodynamic method instrument.

against the service delivered by the pump,
which is a combination of flow and head. 

Several applications of this metric
have been developed and will be dis-
cussed in greater depth in the upcoming
report.

Results of the program indicated that
the average PEI for the manufacturer’s
BEP was 3,350, while the average of the

test results was 3,770. This represents a
12.5% increase in energy consumption for
the level of service delivered. Based on the
statistical distribution of results, pumps
with PEIs in excess of 4,000 were noted to
be significantly underperforming.

Pump refurbishment 
This testing program took place over

Many pumps are not operated at their
BEP. Therefore an additional reduction in
energy efficiency results which, when
combined with the Efficiency Loss, has
been defined as the Overall Efficiency
Gap. The average value of this is 12.7%.

These differences are significant, par-
ticularly because of the amount of power
consumed by pumping. Also, hydraulic
models being used to support numerous
decisions are using potentially inaccurate
information.

Performance indicators 
and benchmarking

Given the number of pumps tested, the
results are useful for observing various
performance indicators across such a large
sample set, and for industry benchmarking
purposes. While several performance in-
dicators were assessed, a new metric was
developed which was found to be both
more intuitive as well as more reliable than
its alternatives. The Pump Energy Indica-
tor (PEI) is a measure of the amount of en-
ergy input, per unit of flow produced, per
unit of head produced. Units used in this
program are kW/Mm3/m H2O. This metric
normalizes the rate of power consumption, continued overleaf...

Pumps
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approximately two years. During this time,
two pumps that were tested early on in the
program underwent refurbishment and
were then tested again. The results were
impressive (see Figure 2). Using the Pump
Energy Indicator (PEI) metric, the follow-
ing results were obtained:
•  Before Refurbishment 
   PEI @ BEP = 3,860 kW/Mm3/m H2O
•  After Refurbishment
   PEI @ BEP = 3,340 kW/Mm3/m H2O

Accordingly, the improvement resulted
in a 13.5% reduction in power consump-
tion, in relation to the level of service de-
livered at the BEP after refurbishment. The
recovered Efficiency Loss, as identified in
Figure 2, is 11.4% which is 65% of the
total Efficiency Loss. The other pump re-
covered 71% of its Efficiency Loss.

Summary of findings
A quick summary of the key findings

follows for ease of reference:
• Average Peak Efficiency: 77.2%
• Average Operating Efficiency: 73.7% 
•  Average Efficiency Loss: 9.3%
•  Average Overall Efficiency Gap: 12.7%
•  Average PEI @ BEP:
   3,770 kW/Mm3/m H2O

Other benefits
In addition to the potential savings in

energy and operating costs, pump per-
formance and efficiency testing allows
operators to identify underperforming in-
frastructure, provides information to sup-
port asset management decisions, and
provides accurate and reliable data for hy-
draulic modelling. This is a key tool in
developing optimization strategies.

There are three factors which strongly
influence the potential for energy savings
in pumps; size of the pump motor; uti-
lization rate of the pump; and the degree
of inefficiency. It was found that pumps
with motor sizes of 150 hp or larger had
more potential for savings, while those
below this threshold had less potential.
Similarly, pumps which are utilized more
than 20%-30% of the time offered poten-
tial savings. 

This assessment is based on the cur-
rent price of electricity, and, as prices rise,
the business case strengthens for proac-
tive intervention, whether through refur-
bishment, changes in operating protocols,
or a combination of both. 

With respect to testing frequency, it was

generally found that pumps with motors of
1,000 hp or larger often justify annual, or
bi-annual testing, or even continuous mon-
itoring, given the amount of power con-
sumed. 

Additional detailed results, as well as
guidance on pump testing prioritization,
economic assessments supporting pump
refurbishment and other related matters
will be available in the final report. It will
be made available to the public later in
2013.

The authors acknowledge the sponsor-
ship of the Ontario Power Authority and
the participation of the following munic-
ipalities and/or their water utilities: Re-
gion of Durham; Region of Halton; City
of Hamilton; City of Ottawa; Region of
Peel; Sault Ste. Marie Public Utilities
Commission; Region of Waterloo; and
Windsor Utilities Commission.

Fabian Papa and Djordje Radulj are
with HydraTek & Associates Inc. 

For more information, 
E-mail: info@hydratek.com 
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