Pioneering for You

Best Efficiency Point

The Sweet Spot of Pump Performance

Best Efficiency Point (BEP) is the operating point on a pump performance curve (see image 1) at which
the centrifugal pump achieves peak hydraulic efficiency (Hydraulic Institute). At this flow rate, the pump
converts input power into flow and head most effectively. Hydraulic losses are minimized relative to
off-design operation, and internal hydraulic forces are more balanced, resulting in smoother operation,
lower energy consumption, and extended equipment life.

Understanding BEP on the Pump Curve

On a pump performance curve (Image 1), BEP appears at the peak of the efficiency curve and represents
the flow rate for which the pump was hydraulically designed. At this point, the pump achieves the best
balance between flow, head, and energy input.

Each centrifugal pump has a unique BEP defined by its:
e Flow rate (GPM or m3/h)
e Head (ft or m)
e Efficiency (%)

H
Pl [N
Cd N m
I " SR - -~ =
I ’,e L I 2,
QL 1 / I \ )
— I Best I 1 S
Efficiency 0
o [} b I 1 <
Point

© \ I / g
e A Y 1 4 °
T \ 1 /l S~
\s.__*a ~

[

[

[

[

0
) Q
Flow Rate (gallons per minute)

Image 1: Centrifugal Pump Performance Curve

Operating at or near BEP means:
e The impeller experiences minimized radial thrust and generally reduced axial forces compared to
off-design operation
e Vibration and noise are reduced
e Bearings and mechanical seals see the least stress
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To help define acceptable operating ranges, the Hydraulic Institute identifies a Preferred Operating Region
(POR) (Image 2), while pump manufacturers establish an Allowable Operating Region (AOR) based on
testing (Image 3).

The Hydraulic Institute defines the POR as "the range of flow rates above and below BEP within which
pump efficiency and operational reliability are not substantially degraded.” For pumps operating
continuously at speeds of < 4,500 rpm, the typical POR is 70% to 120% of BEP flow.
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Image 2: Preferred Operating Region (POR)

The Allowable Operating Region (AOR) includes the POR and extends beyond it (Image 3). Within the
AOR, the pump may operate, often continuously depending on manufacturer guidance but typically with
reduced efficiency and potentially reduced service life. Unlike the POR, which is standardized by the
Hydraulic Institute, the AOR is manufacturer-defined and reflects the limits within which the pump can
operate while remaining within its design constraints.
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Image 3: Allowable Operating Region
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Why Operating Near BEP Matters
Operating close to BEP delivers the most stable and reliable pump performance:
e Higher efficiency reduces energy use and operating costs
¢ Balanced hydraulic forces minimize vibration and mechanical wear
¢ Lower component stress extends bearing and seal life
e Improved reliability reduces downtime and maintenance frequency

In simple terms, BEP is the pump’s sweet spot:

where efficiency, reliability, and service life are maximized.

Operating Away from BEP
Operation far from BEP increases hydraulic instability, energy consumption, and the risk of premature
equipment failure. Pumps can operate away from BEP, but there are tradeoffs:

Left of BEP (Low Flow)
e Increased internal recirculation
e Higher radial thrust on the shaft
e Elevated vibration and heat
e Greater risk of seal and bearing failure

Right of BEP (High Flow)
e Reduced efficiency
e Possible cavitation or motor overload
e Increased wear due to hydraulic instability

The farther the pump operates from BEP, the greater the stress on the pump and system.

BEP and System Design
BEP is not just a pump characteristic. It reflects how the pump and system interact:
e Proper pipe sizing reduces friction losses and shifts operation closer to BEP
e Control strategies (VFDs, valves) influence where the pump runs on its curve
e Accurate system head calculations are essential for selecting a pump whose BEP aligns with actual
operating conditions

Good system design aims to place normal operating conditions as close to BEP as possible.

Wilo is Your Solutions Provider

Designing, selecting, and operating pumps near the Best Efficiency Point (BEP) is essential for achieving
optimal system performance. Operation close to BEP maximizes hydraulic efficiency, reduces vibration and
mechanical stress, and extends the service life of bearings, seals, and other critical components—all while
minimizing energy consumption and maintenance costs.

Wilo is your solutions provider, offering advanced pump technologies, system expertise, and application
support to help ensure your pumps operate where they perform best. From proper pump selection to
system optimization and intelligent controls, Wilo helps you design and maintain pumping systems that
deliver efficient, reliable, and sustainable operation throughout their lifecycle.
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