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Agenda

Current State
Understanding Centrifugal Pumps
Oversizing
Energy Savings Opportunities
— Valve Throttling
— Impeller Trimming
— Variable Speed Operation

Other Opportunities

Short Case Study

Barriers to Implementation
Pump Systems Matter
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Current State

According to the U.S. DOE, pumps consume about
20% of all generated electricity

Unlike motors, the efficiency of pumps is highly
influenced by the system they are supplying

— Improving pump efficiency will do little to reduce pump energy
usage — the focus must be on the pump system

It is common knowledge that most pumps are not sized
properly for their application

Pump system efficiency can be improved by better
understanding how pumps and systems interact

— This is what hydraulic modeling tools provide

— This technology is underutilized in the marketplace
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Finnish Technical Research Center Report

"Expert Systems for Diagnosis of the Condition and Performance of Centrifugal Pumps"

Evaluation of 1690 pumps at 20 process plants:
» Average pumping efficiency is below 40%
* Over 10% of pumps run below 10% efficiency
« Major factors affecting pump efficiency

* Throttled valves

* Pump oversizing
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21-80HP

' 51100HF ' 101-200HR ' 201-500 HP '501-1000 HP ' 1000+ HP
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Typical Pump Performance Curve

Goulds Pumps Based on CDS A-7872-8
& | CENTRIFUGAL PUMP CHARACTERISTICS
M Tindustries

Fixed speed
Design point >
Operating point

Best efficiency point
Shut-off = inefficient
Run-out = inefficient

RPM 1185
Model: 3409
S — |Size 14X18-23 - L

2000 4000 6000 8000 10000 12000 14000 16000 gpm(US)
500 1000 1500 2000 2500 3000 3500 nr

Optimizing Pump Efficiency

Reliability vs. Relation to Best Efficiency Point

» It’'s not just about efficiency...

Characteristic
Life ~MTBF

Lower Impeller Life  Discharge A
Recirculation
- > n
Low Flow
Cavitation 0 92*11
High Temperature Rise Suctivh m

Low Bearing & Recirculation
Law Seal Life

0
Y.

Best Efficiency Point:
Low Bearing & 053*T]
Better Practice Low Seal Life

=-20% to +10%

% Reliability

¥

0.1*n

Good Practice
=-30% to +15%

Reliability Curve
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Oversizing

Oversizing is Common Practice

The point at which a pump
operates is the point in which
the pump curve and system
curve intersect

Pumps generally sized for
maximum flow and head plus
safety factors (stacking)
Sized forQ =10and H =10
True systemQ=7andH=7

P=13,4x7 = 93,8
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Valve Throttling

Excess Pressure is Expensive!

To control the flow of a pump
when running at a fixed speed,
the system curve must be
manipulated
This is most commonly
accomplished with the use of
valves in the system
Increases system friction loss
and results in excess power
consumption

May also impact equipment
reliability
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Processes Often Are Not Well Controlled...

“Unfortunately, the tendency to oversize control valves
has not changed significantly. With each design
engineer applying an extra safety margin to avoid
the possibility of undersizing...most valves end up

being too big and operate as low as 15% on start-
up...”

Source: EnTech Report v11.2 (www.emersonprocess.com/entechcontrol/download)
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There is a Limit...

e Impeller can only be
trimmed so far

e Will result in some energy
savings
Maximum impeller had P =
93.8, maximum impeller
and throttled had P = 81.9
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Need to Throttle Anyway

Will need to throttle to obtain
target flow

Power further reduced
Previous P = 81.9 for
maximum diameter, and P =
77 for trimmed impeller
Optimal efficiency still not
achieved
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Reducing Speed Conserves Significant Energy

Optimizing Pump Efficiency

Energy savings are possible
because of affinity laws that
govern the operation of
centrifugal pumps

Compared with throttled
valves and impeller trimming,
speed reduction provides

significant energy savings
The reduction of the speed
provides power reduction
according to a cubic
function!!!
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Variable Speed = Right Sizing

Optimizing Pump Efficiency -

U.S. Market Opportunity

“Motor systems equipped with variable speed drives
account for only 4% of motor energy usage, compared to
the potential for application on 18 and 25% of the total
energy used...”

Source: DOE-Office of Industrial Technology, “Motor Challenge”

Optimizing Pump Efficiency -
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Other Opportunities

Premium efficient motors
More efficient pump model
Interior pump coatings
Maintaining OEM clearances

Optimizing Pump Efficiency
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Opportunity Impact Summary

Action

Est. Savings
Potential

Valve throttling

5-20%

Impeller trim

5-30%

Reduce speed for fixed load

5-40%

Install parallel system for highly variable loads

10 - 30%

Replace throttling valves with speed controls

10 - 60%

Replace motor or pump with more efficient model

1-3%

0.5-2%

United States Industrial Motor Systems Market Opportunities
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Assessment
US Department of Energy
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Town of Lake George, New York

Application: Lift station

Problem: Seal and bearing failures every 4-6 months;
discharge valve 90% closed; severely oversized
pumps; neighborhood disturbance

Original Pumps: (2) 150 HP and (1) 30 HP vertical dry pit pump

Original Control: Fixed speed high level/low level ON/OFF

Solution: (3) 70 HP submersible with “smart” VSD

Comments: Typically one pump operating at one time; VS
operation allows pump to adjust to variable
incoming flow
Pressure drop across discharge valve eliminated;
no pump failures and very quiet operation; energy
savings of ~$3,800/month; surrounding
communities “joining band wagon”
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Barriers to Implementation

Lack of awareness within stakeholders

Identifying and specifying solutions during the appropriate phase of
projects (design phase!!!)

Initial cost more expensive

Cost of retrofitting existing systems

Lack of time at end users to retrofit more impactful solutions
Resistance at smaller municipalities to embrace technology
Energy savings estimates are considered by some to be “soft”

“If it's not broken...”

Optimizing Pump Efficiency -

Total Cost of Ownership

-{ear Life C
Maintenance Base

41%

yele Cos

Operating
309% Installation
24%

Purchase

5%

Optimizing Pump Efficiency -
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Pump Systems Matter (PSM)

Hydraulic Institute (HI) initiative
— 40 members from HI and other non government agencies

— To promote market transformation through strategic, broad-based energy
management and pump system optimization

Hydraulic Institute

— 90 member association

— US Pump manufacturers and other associated equipment
Mission

— To provide end-users with tools to integrate system optimization and
energy efficiency management into normal business operations

PSM members
— Have capability to work to perform plant assessments

— Provide guidance for improving plant performance on pumps
and related systems

— Contact PSM through our website

Optimizing Pump Efficiency -
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Pump System Assessment Process

* Assessment planning
— Meeting or phone conference
Determine Scope
— Unit assessment Information Needs :
— 9to 15 systems = 3 to 4 days
— Plantwide assessment *Pump Curves
— 16+ systems = 5+ days
Data Collection
Onsite Audit *Maintenance history

*P&ID drawings

Deliverables «Operator Interview
— Hydraulic and economic analysis report

— Recommendations *DCS graphics, historical data
— Mechanical and control modifications

Assistance in Implementing and
Sustaining
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What is PSIM?
PSIM (Pump System Improvement Modeling tool) is an
educational tool intended to:
— Support Pump Systems Matter educational programs

— Raise awareness of the benefits of system modeling when
pursuing pump system improvements

PSIM allows engineers to modify the pump system
operation or design on a computer to evaluate the system
performance and potential cost savings

PSIM and system modeling tools in general can be used
to improve both new and existing systems

Freely available at

Optimizing Pump Efficiency -
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What is PSIM?

PSIM allows modeling of a broad range pumping system
behavior critical to ensuring proper pumping system
operation including:

— NPSH adequacy

— Pump efficiency and Best Efficiency Point (BEP) identification
— Modified pump performance due to impeller trimming

— Variable Frequency Drive (VFD) modeling

— Positive displacement pumps

— Flow and pressure control valves

— Pump vs. system curve generation

— Effects of motor efficiency on overall system efficiency

Optimizing Pump Efficiency -

Existing System Predictions

Note pump efficiency, operating point relative to BEP, and
energy cost over five years ($124,000)

— This system is very inefficient

Optimizing Pump Efficiency -
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Summary

Understand system characteristics

Eliminate “fudge” factors and avoid oversizing
Consider impeller trimming and other “easy-to-
implement” alternatives

Consider variable speed drives wherever possible
Leverage industry resources and tools to justify energy
conservation projects

Optimizing Pump Efficiency -
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