Designing Pump
Systems to Reduce
Energy Consumption
for Greater
Sustainability
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Hydraulic Institute/Pump Systems Matter

The Hydraulic Institute (HI) centers the pump industry around excellence and efficiency to power everyday life.
HI’s mission is to advance the pump manufacturing industry by becoming the world’s resource for pumping
solutions and advancements in the industry by: Addressing Pump Systems, Developing Standards, Expanding
Knowledge and Resources, Educating the Marketplace and Advocating for the Industry.

Pump Systems Matter (PSM) supports the industry regarding strategic, broad-based energy management and
pump system performance optimization by providing the marketplace with training, tools, and collaborative
opportunities that progress sustainability practices into normal business operations.

For more information on the Hydraulic Institute, Pump Systems Matter, its member companies and Partners,
visit www.Pumps.org
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Driving all Pump System stakeholders
towards a sustainable future

Advancing Solutions for Pump System
Performance and Efficiency

Developing Standards and Technical
Resources

Educating the Global Marketplace
Advocating for the Industry

pumps.org
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Educational Foundation of the Hydraulic Institute
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Driving all Pump Systems to run at Best
Efficiency Point (BEP)

Developing and delivering training and
tools focused on increasing pump
system efficiency and reliability

training.pumps.org




Meet Your Instructor

Matthew Derner is the Manager, Business Development, Pump
System Products. He holds a leading role in promoting pump
system related programs that deliver energy efficiency in
commercial and industrial settings. Additionally, he is
responsible for managing Pump Systems Matter (PSM), HI’s
training subsidiary, and for the overall promotion and growth of
the Hydraulic Institute’s portfolio of training and certification
programs that focus on pump system optimization, and
efficiency.

Matthew has a strong background in global sales of pumps,
drives and various rotating equipment in both the
manufacturing and distribution segments, with an emphasis on
energy efficiency and total cost of ownership.
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Agenda/Learning Objectives

Energy Savings and Life Cycle Cost of Pumping Systems
Pump Curve Review

System Curve Review

Pump Efficiency

Pump System Optimization

Pump System Assessment

DOE Regulations and ER Label
HI Free Tools and Training Resources
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Energy Savings Potential by Industry & System
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Life Cycle Cost of Typical Pumping System
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Focus on Energy & Maintenance
presents 65% of LCC

Focusing on initial cost misses the
big picture

On average, 20% electrical energy
savings is achieved by optimizing
a pumping system, but in some
cases 65% or more can be

realized
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Pump Curve
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Look Beyond Energy Savings

Energy cost is a top consideration, but there FFi i - liabil
are also values for non-energy benefits: E ICIENCY = Relianl |ty

Relative Life Expectancy
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— Less Equipment Wear and Tear o,

— Reduce Maintenance Cost -
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— Increase Capacity Utilization ———"

— Reduce Environmental Impact

— Increase plant safety
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Best Efficiency Point (BEP)

13in

BEP is the rate of flow and o *
head at which the pump
efficiency is maximum

Head - ft

Operating point where
reliably is maximized

Efficiency - %
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Single Operating Point
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Real World Pump Operation Uncertainty
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Simplitied Pump Curve
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Remember: Efficiency = Reliability

[llustration of
Suction Recirculation
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System Curve
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Pump + System Curves
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System Equation: View from the Pump

s = 2 +zz<j
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Pump Efficiency
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Pump Efficiency:

Pump efficiency is ratio of pump output
power and pump input power
expressed as a percent.

—walOO
1=

Where
* Pw = Pump output power
e P =Pump input power
* 1= Pump efficiency
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What is a pump and how does it consume power?

Pump means equipment that is designed to move liquids (which may include entrained
gases, free solids, and totally dissolved solids) by physical or mechanical action and
includes at least a bare pump and, if included by the manufacturer at the time of sale,
mechanical equipment, driver, and controls.
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What about the Motor & Drive

Efficiency is the ratio of output power to input power

Pump Efficiency
n == x 100

Motor Efficiency

P
nMot=ﬁotX100

Drive Efficiency

__ Pmot

N Drive = P x 100

Drive

Overall Efficiency
"W« 100, or

Noa~= Prtos
P
PDrive
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Pump System Optimization
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Pump System Optimization

What is System Optimization?

“The process of identifyin/g, understanding and cost effectively eliminating
unnecessary losses while reducing energy consumption and improving
reliability in pumping systems, while meeting process requirements,
minimizes the cost of ownership over the economic life of the pumping
systems.”

Ultimately minimizing the cost of ownership over the economic life of the
pumping systems
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Opportunities in New Design / Existing Design

« Opportunities exist in new/existing systems
 New — More items can be addressed cost effectively

e Existing — Generally controls and pump upgrades. System (i.e. piping) changes limited to
address reliability/safety

* QOperating points have costs

* Is this the most cost-effective operating
point for the system (energy & reliability)?

Head

Flowrate
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Effecting Cost Reduction: Pumps

* By choosing different pumps, the pump curve
can be adjusted
« The pump efficiency and BEP also adjust 7\

* The pump curve can also be changed by
changing the impeller size or (fixed) speed
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Effecting Cost Reduction: System

The system curve can be adjusted by using:
* Different pipe sizes

* Different layout

* Different pipe material
* Different components
* Efc.

Head

Flowrate

PUMP

SYSTEMS I"ﬁ]HYDRAULIC "
MATTER “‘ INSTITUTE

W |
N
C 1]




Effecting Cost Reduction: Controls

 The pump curve can be adjusted using
variable speed control A

* The system curve can be adjusted (to a
limited degree) by decreasing pressure
drop across high pressure drop

components
Flowrate
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Opportunities in Existing vs.

New Systems
Existing systems

« Opportunities typically reside in changing the pump
curve

* Repair pump
* Impeller size change

Existing
« Controls (VFD) Flowrate
 New pump

Head

New systems

* Opportunities reside in changing anything
« The operating point itself can be changed
* The cost reduction opportunity is much larger

Head

New
Flowrate
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Additional Factors - Impeller Trimming

Total head (ft)

2 " | Pump input power
140 .‘l:@ ~,
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yv] N . . .

@ 9.5 in minimum diameter.

= .
80— 45 9.0in. .

= Consult ANSI/HI 14.3 regarding

other considerations related to
60 . . .
impeller trimming.
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https://www.pumps.org/what-we-do/standards/?pumps-search-product=14.3&hi-order=asc&hi-order-by=name

Pump System Assessment
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Pump System Assessment Action Plan

1. Screen and prioritize your pumping systems to identify good performance
improvement candidates

Step 1a - Get management support for improving the highest priority
pumping systems

Work with appropriate pumping system specialist and/or in-house team to gather and

analyze additional data

|dentify and economically validate improvement opportunities

Document actions and report results to management

Perform post implementation assessment

Repeat Action Plan process for other good candidate systems
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Pump System Assessment Professional (PSAP)
Certification

The certification for pump system professionals

* Outlines domains, tasks and knowledge requirements
* Comprehensive exam to confirm knowledge

* Experience requirements

» Tests the knowledge of candidates related to knowledge requirements.
* Provides assurance that candidates have experience and knowledge required to conduct pump systems assessments

More Information at:

https://www.pumps.org/certification
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DOE Regulations / HI Energy
Rating
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DOE Regulations for Pumps — IT’S THE LA

PEl used to calculate power savings
What does the regulation mean to you?

Certain clean water pumps manufactured or imported into the US must comply to Diagram Nomenciature
minimum performance levels (EOE/Industy]
e L e . . . It End Suction Frame Mount
Generally, covers 5 types of clean water pumps within certain performance criteria. l ﬂ] (ESFM) [OHO, OH1]
r———
The _rules use a holistic approach considering the pump, motor and VFD (when o End Suction Close Coupled
applicable) (ESCC) [OHT]
o 124 H [:J
Based on new “Pump Energy Index (PEI)” metric . PER., | = e (IL) [OH3, OHA, OHS]
il B
 Constant Speed Pumps — PEl CL ™ PERs¢rp —
° i — = Radially Split multi-stage
Variable Speed Pumps PEIV'— I 1 vertical in-line diffuser casing
. e R3V) [VS8
PEl¢ . < 1.00 required to comply . (REVITVSE]
PERy;
PEITVL —_— — :
PERSTD j Vertical Turbine Submersible
5 (ST) [VSO0]
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What is HI Energy Rating?

What & Why?
* Direct calculation from DOE representative
PEIl metric

Power savings easy to calculate * ERis a simple representation of percent
power savings

* Incorporates extended product when DOE
PEl may not

* Power savings easily calculated
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Hl Energy Rating Label

1. BASIC INFORMATION

r':l' e i mominal spesd, ecuipment typs
0 INSTITUTE I RATING motor and con’trols (if applicablé).

_Add't'_onal data Brand XYZ ESCC Pump Type
available in the Energy Model #: 84 - Motor

Rating Database Nominal Speed: 3600 - Continuous Controls Calculation comparing the pump’s

efficiency to the minimum standard.
VARIABLE LOAD PEL,: 0.40 Lower values are better.
ENERGY RATING 3. ENERGY SAVINGS
60 Number indicating the percent of
\/

power savings over the baseline

set by Department of Energy. The
Most Consumptive RANGE Least Consumptive

2. PUMP ENERGY INDEX

er.pumps.org

higher the energy rating, the more
| efficient the pump.

Power savings over the baseline can be estimated by multiplying ER by motor input

power (kw) and dividing by 100. Multiplying power savings by operating hours and 4, ESTIMATED SAVINGS
[llustrates the method for using

cost of energy will yield estimated cost.

H23R19 er.pumps.org Jun 2017 | the ER rating to determine
actual savings.
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Hydraulic Institute and PSM
Free Tools and Training
Resources
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toolbox with
software, training
& calculators

NEW Engineering Data Library

Engineering Data Library ¥ ‘ ‘

SECTION | | PUMP FUNDAMENTALS

rﬁ HYDRAULIC'

A) System Curves INSTITUTE

ENGINEERING DATA LIBRARY

B) Pump Curves

PUMP
SAVINGS

C) Combined Pump & System Curves

D) Pump Principles

E) Other Considerations

SECTION Il | FLUID PROPERTIES

A) Water

B) Solids and Slurries

) Vicosiy Hydraulic Institute Engineering
D) Other Fluids Data Li brary

SECTION III | FLUID FLOW
A) General

CALEULAT[II;

The HI Engineering Data Library is a comprenhensive guide for pump users, pump manufacturers
B) Losses in Valves, Fittings, and Bends and engineers in need of references for pump principles, calculations and unit conversions. It covers

) . topics like Net Positive Suction Head, Pump and System Curves, and frictional losses, utilizing » » »
C) Losses With Other Fluids standards developed by HI and other reputable sources. The data library will be updated frequently B A $ I (' I R A I Iq I Iq (’

D) Losses in Nozzles with new information.

E) Losses With Paper Stock To search for specific words or topics, use the search bar on the upper left corner of each page.
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s |ndustry Knowledge Path

Body of Knowledge Pump System Assessment

Pump System Optimization
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Pump System Fundamentals

PROFESSIONAL
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PUMP SYSTEMS /; Pump Systems Assessment

ASSESSMENT . . o .
PROFESSIONAL ‘ Professional Certification

H

PSAP is the benchmark for industry professionals.

Use PSAP credential to better position employees and the organization.

Assure clients of your expertise and differentiate yourself from your competitors.

B w N

PSO/PSA training provides the knowledge and tools to interact with customers on
a service based engagement.

5. Implement proven methodologies to advance your position.
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