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FOREWORD

This document provides a standardized framework for conducting an energy assessment of pumping systems,

here-

after referenced as an “assessment.” A pumping system is defined as one or more pumps and those interacting or
interrelating elements that together accomplish the desired work of moving fluid. A pumping system thus generally
includes pump(s), driver, drives, distribution piping, valves, sealing systems, controls, instrumentation, and end-use
equipment such as heat exchangers Assessments involve collectlng and analyzmg system design, operatlon energy

use, and pe v v
An assessmpnt may also 1nc1ude add1t1ona1 1nformat1on such as recommendations for improving resource utilis
reducing pdr unit production cost, reducing life-cycle costs, and improving environmental performance related
assessed sysgtem(s).

This Standard provides a common definition for what constitutes an assessment for both users and provid
assessment [services. The objective is to provide clarity for these types of services which haye, been varioug
scribed as ehergy assessments, energy audits, energy surveys, and energy studies. In all cases; systems (energy
logical groyps of industrial equipment organized to perform a specific function) are analyzed’through variou
niques suchl as measurement, resulting in the identification, documentation, and prioritization of energy perfor
improvemeht opportunities.

This Standard sets the requirements for conducting and reporting the results of-an assessment that conside
entire systefn, from energy inputs to the work performed as the result of these infputs. An assessment complyin
this Standafd need not address each individual system component or subsystém within an industrial facility

ration.
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y with

equal weight; however, it must be sufficiently comprehensive to identify the thajor energy efficiency opportunitjes for

improving fhe overall energy performance of the system. This Standard.is designed to be applied primarily at
trial facilitigs, but many of the concepts can be used in other facilities, stich as those in the institutional, com
and municipal sectors.

This Stanfard is part of a portfolio of documents and other efforts designed to improve the efficiency of ind
facilities. Inftially, assessment standards are being developed.for,compressed air, process heating, pumping, and
systems. Other related existing and planned efforts to improwe the efficiency of industrial facilities include

(1) ASMH guidance documents for the assessment standards, which provide technical background and af

ndus-
ercial,

1strial
steam

plica-

tion details|to support understanding of the assessment standards. These guidance documents provide rationale

for the techhical requirements of the assessment.standards and give technical guidance, application notes, alt
approaches| tips, techniques, and rules-of-thumb:

Prnate

(b) a certification program for each ASMEtassessment standard that recognizes certified practitioners as indjividu-

als who havle demonstrated, via a professional qualifying exam, that they have the necessary knowledge and s}
properly apply the assessment standard.

of energy effficiency projeets.

(e) a program, Superior Energy Performance, that will offer ANSI-accredited certification for energy effi
through application of ANSI/MSE 2000:2008 and documentation of a specified improvement in energy perfor
using the ANSI fneasurement and Verlflcatlon protocol.

ills to

stan-
sed to
ndard

esults

Ciency
Mmance

and implement company-wide or site-wide energy plans.

ablish

ASME EA-2-2009 was approved by the EA Industrial System Energy Assessment Standards Committee on October 1,

2009 and approved by the American National Standards Institute (ANSI) on December 2, 2009.
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CORRESPONDENCE WITH THE EA COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions, and attending Committee meetings. Correspondence should be addressed to:
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Edition:
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Requests
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Secretary, EA Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

http:/ /go.asme.org/Inquiry

E Revisions. Revisions are made periodically to the Standard to incorporate changésthat appear nec

H periodically.

mittee welcomes proposals for revisions to this Standard. Such proposals:should be as specific as po|
pragraph number(s), the proposed wording, and a detailed descriptiorn’of the reasons for the prd
1y pertinent documentation.

Pssary

as demonstrated by the experience gained from the application of the Standard:*Approved revisions will

sible,
posal,

b a Case. Cases may be issued for the purpose of providing alterhative rules when justified, to permi

es. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the pr
3

hitions. Upon request, the EA Committee will fénder an interpretation of any requirement of the Sta
ns can only be rendered in response to a written request sent to the Secretary of the EA Committee
st for interpretation should be clear andwunambiguous. It is further recommended that the inquirer s

n the following format:

Cite the applicable paragraph number(s) and a concise description.
Cite the applicable editipn of the Standard for which the interpretation is being requested.

Phrase the question as a request for an interpretation of a specific requirement suitable for g
understanding-and use, not as a request for an approval of a proprietary design or situatio
inquirer maytalso include any plans or drawings that are necessary to explain the question; hoy
they should not contain proprietary names or information.

that are notin this format will be rewritten in this format by the Committee prior to being answered,
rtentlytchahge the intent of the original request.

pcedures provide for reconsideration of any interpretation when or if additional information that
bripretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant

early

tion of an approved revision when the need is urgent, or to provide rules not covered by existing [provi-
are effective immediately upon ASME approval and shall be.posted on the ASME Committee Web page.

for Cases shall provide a Statement of Need and Backgtound Information. The request should identify
1, the paragraph, figure or table number(s), and be writtén as a Question and Reply in the same fornat as

osed
dard.

ubmit

Pneral
h. The
vever,

which

might
ASME

Committee.
activity.

ASMEdoes TIot “approve, “—“TeTtity, “~“Tate, “or endorse  amny {tel, CONSIUCton, proprietary ae

ce, or

Attending Committee Meetings. The EA Committee holds meetings or telephone conferences, which are open to
the public. Persons wishing to attend any meeting or telephone conference should contact the Secretary of the EA
Standards Committee.

vi
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ENERGY ASSESSMENT FOR PUMPING SYSTEMS

1 SCOPE AND INTRODUCTION

and identifying energy performance improvement op-

1.1

Thi
defing
interr¢
sired
gener
piping
tion, 4
This S
systen
to oth

Scope

b Standard covers pumping systems, which are
d as one or more pumps and those interacting or
tlating elements that together accomplish the de-
work of moving a fluid. A pumping system thus
lly includes pump(s), driver, drives, distribution
, valves, sealing systems, controls, instrumenta-
nd end-use equipment such as heat exchangers.
tandard addresses open and closed-loop pumping
hs typically used in industry, and is also applicable
br applications.

Thi
and r
ment

Standard sets the requirements for conducting
bporting the results of a pumping system assess-
hereafter referenced as an “assessment”) that con-
siders|the entire pumping system, from energy inputs to
the work performed as the result of these inputs. An as-
sessmpnt complying with this Standard need not address
each ihdividual system component or subsystem withir{
an industrial facility with equal weight; however, it must
be sulfficiently comprehensive to identify the major’ ef-
ficien¢y improvement opportunities for improving the
overall energy performance of the system. This:Standard
is designed to be applied primarily at industrial facilities,
but miany of the concepts can be used'in other facilities
such gs institutional, commercial, ahd'water and waste-
water|facilities.

Asspssments involve collectingand analyzing system
design, operation, energy tise, and performance data,

Electric utility

Fig. 1 System Assessment Approach

R . . . N
POTTUTTIIIES TOT SYSTETIT OPUITITZATTOIT. Z3TT dSS€ sment may

production cost, reducing life-cycle dosts,
ing environmental performance reldted to
system(s). Assessment activities may incl

a written report. This report should docu
design;.quiantify energy consumption and
data; . document the assessment process; sh
recommendations and savings projections; a
facility personnel’s understanding of system
and operation.

All system assessments start with identif
timate goal of the system. When the ultimats
system has been established, the assessmer
to investigate how well-suited the existing
deliver the needed output from the persped
component selection and energy efficiency. S
assessment thus encompasses more than jus
input and output of energy.

This Standard sets requirements for:
and conducting a pumping system assess

erformance
ow results,
nd improve
energy use

ying the ul-

goal of the
t continues
bystem is to
tive of both
pe Fig. 1. An
t looking at

organizing
ment; ana-

lyzing the data from the assessment; angl reporting

feeder T
| A

Transformer

Motor breaker/

An assessment begins with a review of the ultimate goal (end

| use) of the system, and then continues with a review of each
component and consideration of interactions between

components to evaluate opportunities for systems optimization.

Starter/VSD
Motor
| < < <
Coupling/VSD || Pump |—{ Control valves |_{Pipe and fittings | ] Ultimate goal



https://asmenormdoc.com/api2/?name=ASME EA-2 2009.pdf

ASME EA-2-2009

and documentation of assessment findings. When
contracting for assessment services, plant personnel
may use the Standard to define and communicate
their desired scope of assessment activity to third
party contractors or consultants.

This Standard differentiates between and has require-
ments for three levels of assessments:

(a) Level 1 (prescreening) assessment is a qualitative
investigation that is intended to determine the mag-
nitude of energy optimization potential and therefore

ASME Guide for ASME EA-2-2009 Energy Assessment for
Pumping Systems on how to apply this Standard.

(a) This Standard does not specify how to design a
pumping system.

(b) This Standard does not specify the qualifications
and expertise required of the person using the Standard.

(c) This Standard does not specify how to implement
the recommendations developed during the assessment,
but does include requirements for an implementation
action plan.

determine fhe necessity for a Level 2 or Level 3 assess-
ment. The Level 1 assessment is used to identify spe-
cific systens for further analysis. A Level 1 study may
be performpd prior to beginning the Level 2 or Level
3 study. Alfernately, a Level 1 assessment may be per-
formed in doncert with the Level 2 or 3 assessments. In
this case, if[a given pumping system does not pass the
prescreeninfg criteria indicating a Level 2 or Level 3 as-
sessment if required, the assessment process for that
pumping system is considered complete.

(b) Levelp assessment is a quantitative (measurement-
based) inveptigation meant to determine the energy sav-
ings potentfal for at least one operating condition. This
assessment s performed using data taken from the plant
informatior| systems or by using portable measuring de-

vices. The
of time, thy
tions at the
or no varia
determine t

(c) Level
tigation, re
tended per|
load profil
more exten

easurements usually cover a limited amount
s giving a snapshot of the operating condi-
time of measurement. In systems with little
bility, a Level 2 assessment shall be used to
he savings potential.

3 assessment is also a quantitative inves*
quiring measurements taken over ancex=
od of time sufficient to develop assystem
. This activity is usually associated” with
bive use of in-situ monitoring to ensure that

the operatifg conditions can be accuratély determined

at the vari
more comp

us duty points. The data _analysis is also
ex.

All pumping system assessments should start with

a Level 1
pumping s}
tion are id
prescreeniry
candidates

issessment. During.this prescreening, the
stems that will) tinidergo further investiga-
bntified and/Selected. The outcome of the
g processsshall be the selection of the best
typically those with significant energy sav-

ings potentfial, foimore in depth analysis (Level 2 or

Level 3 ass

pssment). The assessment team shall deter-

(d) This Standard does not specity how to measure
and validate the energy savings that result from/{mple-
menting assessment recommendations.

(e) This Standard does not specify how,to'calibrdte test
equipment used during the assessment.

() This Standard does not specifyyhow to estimate the
implementation cost or conduch financial analysis for
recommendations developed«during the assessmeft.

(g) This Standard does notspecify specific steps refuired
for safe operation of equipment during the assesgment.
The plant personnel in(¢harge of normal operation|of the
equipment are respofisible for ensuring that it is operated
safely during theydata-collection phase of the assessment.

(h) For outside individuals working in a privpte or
publicly owned company facility, issues of intellectual
propertysecurity, confidentiality, and safety shall pe ad-
dressed before beginning an assessment. While the impor-
tance of satisfying these requirements and related ispues is
acknowledged, they are not addressed in this Standard.

2 DEFINITIONS

assessment: activities undertaken to identify ¢nergy
performance improvement opportunities in a gystem
which consider all components and functions, frgm en-
ergy inputs to the work performed as the result of these
inputs. Individual components or subsystems may not
be addressed with equal weight, but system assessiments
must be sufficiently comprehensive to identify thefmajor
energy efficiency opportunities for improving dverall
system energy performance. System impact versup indi-
vidual component characteristics should be discugsed.

best efficiency point (BEP): the rate of flow and head at
which the pump efficiency is at its maximum for algiven
operating speed.

mine whicl

& . 1 1.0 1 12
SYSTCHISITUUNI T T LCVET Z UT ETVET O d55T55

ment based on the criteria presented in section 5. An
overview of the decision making process for each of
the levels are provided in Fig. 2 (see para. 5.2).

1.2 Limitations

This Standard does not provide guidance on how to

perform a pumping system assessment, but sets the re-
quirements that need to be performed during the system
assessment. For additional assistance, see the companion

bypass control: bypassing flow from the discharge to the
suction side of the pump through a special conduit.

cavitation: a phenomenon in which the local pressure
drops below the vapor pressure of the fluid, resulting in
the liquid flashing to vapor, but with subsequent pres-
sure recovery, resulting in the vapor pockets violently
collapsing back to the liquid state. This can occur within
the pump or at other locations in the system.

centrifugal pump: the most common type of rotodynamic
pump. Rotodynamic pumps are kinetic machines in
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which energy is continuously imparted to the pumped
fluid by means of a rotating impeller, propeller, or rotor.
The most common types of rotodynamic pumps are
centrifugal (radial), mixed flow, and axial flow pumps.
Centrifugal pumps use bladed impellers with essentially
radial outlet to transfer rotational mechanical energy to
the fluid primarily by increasing the fluid kinetic energy
(angular momentum) and also increasing potential en-
ergy (static pressure). Kinetic energy is then converted
into usable pressure energy in the discharge collector.

qualified personnel: personnel qualified to perform specific
tasks required for an assessment and understanding the
requirements of this Standard.

shaft input power: the amount of power delivered to the

shaft of a driven piece of equipment.

system: logical group of energy-using industrial equip-
ment organized to perform a specific function.

system boundary: the parts of a system that should be in-

vesticated duringe the assessment process fa

1 inside the

designl point: the calculated operating point for a pump
during the design phase of a project. This point usu-
ally dpviates from the actual operating point.

duratign diagram: a diagram showing the amount of time
that tlje value of a parameter exceeds a certain value, i.e.,
the flgw is higher than Q_ for 3,000 hr/yr.

duty goint: a specific pump total head and rate of flow
condition.

fluid
pumpy
histogfam: a graphical display of the distribution fre-

quendy of intervals of flow rate, head, power, or other
paranjeters, such as valve position.

bower: the power imparted to the fluid by the

operating efficiency: pump efficiency at a given operating
point.

perforjnance curves: x-y graph type plots of head, shaft
powe}l, and/or efficiency and net positive suction
head frequired as a function of flow rate. Thé-terms
perforfnance curves and pump curves are commonly used
interchangeably.

plant {nformation system: plant computer system where
relevant process information is monitéred and stored.

power [factor: a measure of how the voltage leads or lags
the ar]|perage.

prescrdening: sorting systers according to anticipated
saving opportunities;

pump turves: see performance curuves.

pump gfficienciy.the ratio of the pump output power to the
pumplinpltpower; i.e., the ratio of the fluid power to the
brake horsepower, expressed as a percentage.

(=) O r
system boundaries. Other parts might bé¢
the system but are not included in the-asses
parts could, however, influence the oyerall
pose of the system. The assessment/team det
proper system boundaries as wellas the poil
efficiency measurements shotild be made.

system curve: a curve_indicating the head

bnnected to
bment. Such
boal or pur-
ermines the
ts at which

required to

achieve a certain flowTate through a system for a fixed

set of system conditions, including liquid 1¢
vapor overpressure, and valve positions.
operates where the system curve intersect
curve.

throttles>a device (normally a valve) that is
crease the frictional resistance as a means to
rate’

vels, gas or
The pump
the pump

used to in-
rontrol flow

total dynamic or differential head: the measure of energy

per unit weight of liquid, imparted to the lj
pump. This can be described as an increase
a column of liquid that the pump would
static pressure head and the velocity head
verted without loss into elevation head at t
tive locations.

variable frequency drive (VFD): an electronic dev|

quid by the
in height of
reate if the

were con-
heir respec-

cedesigned

to control the rotational speed of an altern

ing current

(AC) electric motor by controlling the apparent frequency

and voltage of the electrical power supplied

the motor.

Also referred to as an adjustable frequency diive.

variable speed drive (VSD): any device that vari
of the pump, either mechanically or electric3
ferred to as an adjustable speed drive.

3 REFERENCES

es the speed
lly. Also re-

pumping system: a pump or group of pumps and the inter-
acting or interrelating elements that together accomplish
the desired work of moving fluid. The system usually
includes (but is not necessarily limited to) the pump,
driver, drives, and those piping and valve elements that
transfer and control the flow and hydraulic energy from
the pump.

pumping system efficiency: the minimum hydraulic power
needed to fulfill the process demands divided by the
input power to the pump drive system.

3.1 Reference Standards

There are no reference standards in this Standard.

3.2 Informative References

This Standard can be incorporated into an energy man-

agement plan developed using ANSI/MSE 2000:2008,
A Management System for Energy, Georgia Institute of
Technology, 2008. Nonmandatory Appendix A lists key
references with additional information about pumping
systems.
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4 ORGANIZING THE ASSESSMENT

4.1 Identification of Assessment Team Members

A comprehensive and complete assessment can be
achieved only when a set of knowledgeable personnel par-
ticipate in the assessment process. A number of functions
required to accomplish an assessment are listed in para.
4.1.1. The assessment team shall have members that are as-
signed responsibility and authority to carry out these func-
tions. Additional assessment team member information is

provide clear guidance to facilitate communications
among members of the assessment team so all neces-
sary information and data can be communicated in a
timely manner. This includes administrative data, lo-
gistics information, as well as operational and mainte-
nance data.

4.4 Access to Resources and Information

For the performance of a complete and comprehensive

assessmentof a facilitvy’s pumping svstem -itis necessary
7 I T (o)

identified infpara. 4.8.1.

4.1.1 Required Personnel Responsibilities
4.1.1.1|Resource Allocation

(a) Allocgte funding and resources necessary to plan
and executd the assessment.

(b) Exercipe final decision making authority on resources.

(c) Oversee the participation of outside personnel
including dontracts, scheduling, confidentiality agree-
ments, and ptatement of work.

4.1.1.2|Coordination, Logistics, and Communications
i) necessary support from plant personnel and
other individluals and organizations during the assessment.

(b) Partidipate in organizing the assessment team and
coordinate pccess to relevant personnel, systems, and
equipment.

(c) Organjize and schedule assessment activities.

4.1.1.3|Pumping Systems Knowledge

(1) Havepackground, experience and recognized abil=
ities to perform the assessment activities, data analysis
and report preparation.

(b) Be famniliar with operating and maintenance prac-
tices for the[pumping system.

(c) Have pxperience applying the systems approach in
assessmentg.

4.2 Facilily Management Support

Facility nfanagement support is essential for the suc-
cessful outcpme of the assessment. Facility management
shall undergtand and,support the purpose of the assess-
ment. They|shall.allow assessment team members from
the plant to participate in the assessment to the extent nec-
essary. The gssessment team shall gain written support of

to physically inspect and make selected meastireiments
on the system components. The assessment.tean shall
have access to

(a) facility areas and pumping systems requited to
conduct the assessment

(b) facility personnel (engineeritig; operations, [main-
tenance, etc.), their equipmentwendors, contractoys, and
others, to collect information pertinent and usefulfto the
assessment activities and analysis of data used for prepa-
ration of the report

(c) other information’sources, such as drawingsf man-
uals, test reportsghistorical utility bill information} com-
puter monitoring and control data, electrical equipment
panels, and calibration records

4.5 ,Assessment Goals and Scope

The overall goals and scope of the assessment s:l;?ll be
discussed and agreed upon at an early stage by the as-
sessment team. The overall goals of the assessmenjt shall
include identification of performance improvement op-
portunities in the pumping systems being assessdd and
using a systems approach. The scope of the assessment
shall define the portion(s) of the facility that is|to be
assessed.

4.6 Initial Data Collection and Evaluation

Initial data collection occurring before the startfof the
assessment will save time for the assessment effopt and
should include but not be limited to the items in [paras.
4.6.1 through 4.6.4.

4.6.1 Initial Facility Specialist Interviews. The as-
sessment team shall contact personnel and spedialists
within the plant to collect information on opefating

plant management prior to conducting the assessment, as
follows:

(a) Commit the necessary funding, personnel, and re-
sources to support the assessment.

(b) Communicate to facility personnel the assessment’s
importance to the organization.

4.3 Communications

Lines of communication required for the assess-
ment shall be established. The assessment team shall

practices and any specific operating considerations
that affect energy use for the equipment. This infor-
mation shall be used to help develop the site-spe-
cific goals and assessment plan of action (paras. 4.7
and 4.8).

4.6.2 Energy Project History. The assessment team
shall collect and review information on energy-saving
projects, assessments, audits, baselines, or benchmarking
already conducted for the pumping systems.
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4.6.3 Primary Energy Cost. The cost data shall
include values in terms of units such as cost per kWh, or
other similar terms, considering all charges such as de-
mand charges, peak rates, time-of-the-day rate and any
other costs up to the point of use. Where necessary, ap-
propriate costs should be assigned to on-site generated
electricity. These costs should be used in subsequent
analyses. The assessment team shall agree on the period
during which the costs would be considered valid. Al-
though average values are appropriate in most cases, the

be conducted, it is essential that an action plan for the
assessment be developed and agreed upon. Figure 2
(see para. 5.2) shows the activities necessary during the
assessment and the sequence in which they should be
made. It should be noted that some actions/decisions
depend on the findings during the assessment. The
plan thus must be flexible and should accommodate
various outcomes depending on such findings. In short
it is necessary to
(a) establish information goals

assess
mand
obvio

Afq
for en
cost nj
annug

ment team should also consider issues such as de-
charges and trends to identify situations not made
1s by the use of averages.

cility may have already established a marginal cost
brey. If not, an agreed-upon marginal cost or other
ethod shall be developed for use in calculating an
| energy cost.

(I) Keview mtormation that has been. d
fore the start of the assessment.

(2) Identify how much is knownabout
and what information has to be obtainéd.

(3) Start with a Level 1 assessment. See

(b) identify informational{ebjectives for

ment (see paras. 5.1 and 52)

(1) Determine how.exfensive the asse
be.

ollected be-
the systems

para. 5.2.1.
the assess-

ssment will

4.6)4 System Data. The assessment team shall ) . )
(a) Hefine the system(s) function and boundaries . (2) Identify the systems that are going to|be included
(b) fdentify high energy use equipment in the assessment)” o )
(c) |dentify control method(s) . (3) Identify what information is available and what
(d) jdentify inefficient devices (obvious signs of disre- 15 €cessary t(_’ co.llect. _ _ )
pair of incorrect operation) (4)Jddentify 1nf0rmat19n that is availablle on paper
(e) Initial measurement of key system operating vari- recotds (such as logs) or in the plant corpputer sys-
ables, [if possible tems and what system parameters are npcessary to
ineasure.
) . (5) Identify who is going to be involved pnd respon-
4.7 bite-Specific Goals sible for the collection of necessary data.
Baspd on preliminary data collection and evalua- (c) establish measurement requirements [(see paras.
tion, gite-specific goals shall be developed. Pumping 5.1 and 5.6)
systeths, the industries they serve, and end-use ap- (1) Identify whether a snapshot of the qonditions is
plicatjons are very diverse. As a resultthe goals of sufficient (Level 2) or if it is necessary to collgct informa-
a purhping system assessment vary from system to  tion during an extended period of time (Lev¢l 3).
systern. The assessment team shall.determine assess- (2) Identify if permanently installed mjeasurement
ment goals and develop the statefnent of work for the  equipment is available and trustworthy.
assesgment. (d) identify additional informational objectives (see
The| assessment team shall _develop the assessment  paras. 5.3 through 5.5)
goals fas they apply to thefatility. These goals should (1) A list of information to collect i found in
be corsistent with the otganizational goals identified in para. 5.3.
para. 1.5, together with information about the present (2) Identify the true process demands. Sge para. 5.4.
pumpling systems(and stakeholder needs developed in (3) Identify the system boundaries. See para. 5.5.
para. £.6. An oyerall goal of the assessment shall include (e) identify the study method required to fneet assess-
identification 8f/performance improvement opportuni- ~ ment informational objectives
ties irf the-selected pumping systems, and may include (1) Identify how the data are going to e analyzed.
auxilipripsystems and components as determined by the ~ See para. 6.2.
assessITETt teanT. T Hese auxitiary SySternTs arct compo- {ZHdentify-toots/software-programs-that are going

nents

may include valves, sealing systems, controls, etc.

In the assessment plan of action, described in para. 4.8,

to be used.

(f) identify content of the report and responsibilities

(see section 7)

the assessment team shall identify assessment objectives
and action items that will contribute to achieving the as-
sessment goals.

4.8 Assessment Plan of Action

To facilitate the assessment and to make it clear to
all assessment team members how the assessment will

4.8.1 Identification of Other Assessment Team Members
Required. If the assessment is to be successful, one or sev-
eral “system owner(s)” or champion(s) shall be selected.
These persons could be one and the same but usually are
not. Pumps usually serve a process or other end use that is
managed by process specialists or operations personnel.
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Due to the large variation in structure, size, and func-
tion of organizations, the make-up of personnel on the
assessment team may vary. It is, however, advantageous
if the following additional roles are represented:

(a) One or more “system owners” who can be devel-
oped into a “pump champion” or “energy champion.”
Large organizations may have so many pumping sys-
tems that it is impossible for one person to know them
all. Therefore, several persons from this category may
represent different parts of the facility. At smaller facili-

times for the assessment team to meet with key plant or
facility managers and process operators shall be speci-
fied and agreed upon by all individuals who will be par-
ticipating in each meeting event. It shall be recognized
that all data initially identified as essential to the assess-
ment shall be obtained in discussions with knowledge-
able facility staff.

4.9 Goal Check

Prior to conducting the assessment, the assessment

ties, the “chhmpion™ may also be the appropriate ~cham-
pion” for other energy areas.

(b) One dr more process or operations personnel who
rely on the [system(s). In some cases the pump systems
are subsystpms to a larger system. In such cases per-
sonnel with a good understanding of the larger system
should be afailable or on the assessment team.

(c) One or more pumping system operators.

The partidipants in the assessment team should be chosen
prior to the development of the plan of action. The assess-
ment team ghould be briefed before the assessment so that
minimal tinfe has to be devoted to explaining the purpose
and executign of the assessment. The facility must choose
the participfnts on the assessment team, but the assess-
ment team must also have access to facilities personnel who
understand [connected systems that will be influenced by
changes madle to the pumping system. Since large facilities
could have several processes that are assessed, different per-
sons represgnting such processes could be involved in the
portions of the assessment that concern their system only.

4.8.2 Assessment Scheduling. It is essential to sched=
ule the datep reserved for the assessment and to erganize
a set of scheduled events. For this reason, the dates’of the
assessment, [and dates and times of key meetings shall be
designated in advance of beginning the assessment.

A meeting shall occur just prior to the commencement
of the assessment. The purpose of this ‘meeting is to re-
view information collected in the preliminary data col-
lection and [evaluation and establish the work schedule.
At this mee}ing, the assessment team should discuss the
tools, meth¢ds, measurement, metering, and diagnostic
equipment fequired. Fheassessment team should also es-
tablish the daily schedule(s) for the on-site assessment.

Periodic feporting to facility managers in the form
of debriefirfgs-should occur as agreed upon by the as-

team shall ensure that the plan of action meets thellftated
assessment goals. The assessment plan of action slpall be
reviewed for relevance, cost-effectiveness{ and cajpacity
to produce the desired results.

5 CONDUCTING THE ASSESSMENT

5.1 Introduction

Pumping systems vary tremendously between differ-
ent types of industries@nd facilities. A municipal gystem
might contain ten{pumps whereas a large papdr mill
might have severalhundred pumps installed.

Some facilities have a large number of pumping sys-
tems and it\is unrealistic to assess all pumping syptems.
Additionally, it may not be cost-effective to assess dertain
systenis, such as small- capacity systems or systenps that
runiinfrequently. It is therefore essential that a prescreen-
ifg be made of the installed systems so efforts ¢an be
concentrated where the savings potential is greatest.

Different systems also require different amountq of ef-
fort and expertise to be assessed. Therefore, this Standard
defines three levels of assessments for pumping syptems.

This Standard does not describe how all systenps in a
facility are assessed but does describe the different|levels
of assessment and how to assess an individual system.
This Standard does discuss how to prioritize the pump-
ing systems with the greatest energy-savings pointial.
The systems to be considered (the scope of the gssess-
ment) shall be determined during the initial contagts be-
tween the facility and the assessment team.

One facility may contain pumping systems that need
the effort of either one or more of the levels desfribed
in para. 5.2. As the facility is being assessed, part|of the
outcome of Level 1 and Level 2 assessment is whether
the system needs to be brought to the next highet level

£ £
O asSSesSsment:

sessment team—Adso-irregtlarities may-oceur-duringan
assessment (e.g., the failure of a computerized records
system). If and when such events occur, the assessment
team shall determine a corrective course of action.

The on-site assessment activities will conclude with a
wrap-up meeting designed to outline the assessment in-
vestigations and initial recommendations. This meeting
is discussed in para. 5.9.

4.8.3 Key Personnel Interviews. Subject to modifica-
tion during the course of the assessment, the dates and

In some cases a pumping system is a subsystem of a
larger system and it will be impossible to optimize the
pumping system without having a clear understanding
of how the larger system is affected by changes made to
the pumping system. In such cases it may be necessary
to connect with persons with knowledge about the larger
system to determine the constraints the larger system
puts on potential modifications to the pumping system.

Table 1 gives a summary of the different assessment
levels.
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Table 1 Assessment Level Overview

justified at
the policies
uation pro-
r the extent
work (such
component

assessment
mation for

nclude list-

br, hours of
escreening,
ms shall be
determined
raluation. It
system will
hstraints on

1l pumping
than a pre-
fant operat-
b costs over

Level 1 Level 2 Level 3
Activities Assessment Assessment Assessment
Prescreening opportunities Req. n/a n/a
Walk through Opt. Regq. Regq.
Idetltlfy systems.vx.nth potential Req. Req. Req.
saving opportunities
Evaluate systems with poten-
v 4 L P Opt. Req. Req.
thatsavingopportanities
Snapshot type measurement
of flow, head and power data Opt. Reg. n/a
Measurement/data logging of
systems with flow conditions n/a n/a Reg.
that vary over time [Note (1)]
NOTE:
(1) Verify and use data from plant historical information where applicable.
5.2 Assessment Levels For a system inrwhich a change cannot bg
There are different levels of assessment, and different present, bgt might as c1rcum§tances change,
. . . and practices arena should include an eva
systemis require varying work efforts to assess their ef- \ )
: . . cess. This process should determine whethe
fectivgness. There are cases when a rudimentary analysis . . o
. - . . of the.potential savings justifies preparatory|
can sHow possible savings, i.e., more pumps are running iy . .
o . as.detailing actions to take in the event of a
than rfecessary and it is easy to calculate savings by turn- )
. . - failure).
ing urinecessary pumps off. This can be determined dur-
ing a Level 1 assessment. Level 1 also prescreens pumps
to det¢rmine if a Level 2 or Level 3 assessment is required. 5.2.1 Level 1 Assessments. A Level 1
The n¢xt level, Level 2, is when system conditions are-sta- should include gathering of system infos
ble and a snapshot of the performance data is enough to  pumping systems considered for evaluation within the
calculpte the saving opportunities. The most demanding  scope of the assessment. Prescreening shall
case, Level 3, is when there are large changes in system  ing of these pumping systems operated within the fa-
demand over time and the system in quiestion has to be  cility, including the motor nameplate pow
monitpred over a longer period of timg: See Fig. 2. operation, and pump function. During the p1
The| specific data and actions fequired for these three  the control methods for the different syste
levels fare considerably differerit irr magnitude — and the  noted. During the prescreening, it shall be
effort jrequired to acquire ahd) implement can also vary =~ which systems are best suited for a closer ej
withir] an individual levelzFor example, a system that al- ~ should also be noted if changes to the pump
ready [has installed flowsand power meters that provide  affect other systems, thereby introducing co
accurdte data would“be much more easily dealt withina  potential optimization strategies for the pump system.
Level P assessmentithan one that has neither. Likewise, for For some plants, instead of prescreening :
a Levdl 3 assesSment, if the facility already has a database of ~ systems, only those pumping systems larger
historical flow-rates, valve positions, pressures, etc., the need determined minimum size and with signifi
for temperary data logging can be significantly reduced. ing hours or systems with annual operating
Thel-aetivites—that—eomprise—the—tevelI—presereen aset-mintmum-shetddundergo-ateveltas

essment, as

ing, policies, and practices shall be applied to all plant
systems reviewed. While individual system symptoms
(in prescreening) and component features (policies and
practices) are considered, the breadth of equipment cov-
ered in these areas will be such that it is generally not
practical to take system level details into account. When
a system undergoes a Level 2 or Level 3 assessment, it is
analyzed and treated on a detailed, system-level basis.
Alternatively, when a system undergoes a Level 1 assess-
ment, it is only afforded policy/practice consideration.

set by the assessment scope.

Noncentrifugal pumping systems and systems with
limited operating hours should also be used as crite-
ria for excluding specific systems from the assessment
studies.

As much information as practical should be collected
during the Level 1 assessment. Essential data is listed
below. Some data listed under optional information may
eventually be required, but is not necessary to collect
upfront.
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Fig. 2 Components of a Pumping System Assessment Logic Diagram

Plant pumping systems (portion or all)
}

1 Level 1

Level 1 Low priority systems Palicies and practices,
Prescreening, discovery Including contingency plans

Level 3 rejects

Level 1 priority systems Level 2
No

Level 2 (snapshot)
possible and useful?

Yesl

Level 2 rejects

Identify techniques to be
used in quantifying
opportunities

v

Preparatory work needed | Yes
for data collection?

Make necessary
arrangements to support
data collection

Nul |

[ Snapshot measurements

Energy, cost,
savings potential |

y

| Data valid, representative ? N

Yes‘

Does savings potential
warrant further consideration? | Ng

Yes l

Review with plant staff, mgmt: |
Is there interest? No

[ No

Enough data

to define specific sglution?

0

ﬁb Development of Yes Prepare written [Prepare final engineering]

Energy Savings Opportunity report package, installation,
No T commissioning, M&V plan

e ™
Identify techniques to be
used in Level 3 data
collection and analysis

¥

Preparatory work needed
for data collection?

Yes Make necessary
arrangements to support
data collection

No 3
[ Collect data ]

¥

| Data valid, representative? |

Yesw
Additionalinfo'needed? No
(design, trend,
maintenance, etc.)
Yes

d—

~

& Policies and practices,

Analyze, evaluate I .
Including contingency plans

merits of potential

L solution types J
¥

Solution(s) appear No
practical
to implement now?

Yes l

2nd review with No
plant staff, mgmt:

!

No Enough data Yes Development of Yes Prepare
to define specific solution? Energy Savings Opportunity written report

Prepare final engineering
- package, installation,
commissioning, M&YV plan

i
H
:
:
:
:
:
:
]
: $<—Collect additional info |
i
1
:
:
:
:
:
:
:
)
:
:
:
:
:
:
:
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A proper prescreening and interview by the assess-
ment team can save considerable time during the assess-
ment by identifying constraints, known deficiencies, and
other important information.

The availability at the plant of some types of data (see
paras. 5.2.1.1 and 5.2.1.2) should also be reported during
the Level 1 assessment even if it is not collected.

A prescreening worksheet shall be used to assist in this
prescreening exercise. Nonmandatory Appendix B con-
tains an example worksheet to aid in the data collection

(i) Histograms
(j) Maintenance costs

(k) Process & Instrument Diagrams (P&ID)/Digital

Control System (DCS) screen-shots
(I) Rating of any steam turbine drive

5.2.2 Level 2 Assessments. Level 2 and

Level 3 as-

sessments are quantitative (measurement-based) inves-
tigations to determine the energy savings potential of

sustems and include measurement of svste
J

variables.

procegs.

In general, the steps taken during the prescreening
shall ihclude the following:

(a) port by system size, annual operating hours, and
estimgted energy cost.

(b) Focus on centrifugal pumps operating at fixed
speed

(c) Focus on pumping systems that throttle, recircu-
late, of by-pass for flow control.

(d) Look for energy-waste symptoms such as large
differgnce in supply and demand, commonly achieved
through valve throttling and by-pass flows (see para. 5.4).

(e) |dentify inefficient pumping systems via main-
tenange and operational staff interviews and review of
maintpnance records.

(f) $elect for assessment those systems that appear
most likely to exhibit savings potential.

From this information the assessment team shall make
estimgtes regarding the potential for energy savings ir
each gystem and shall select the pumping systems_that
meet he criteria for Level 2 or Level 3 assessments:

5{2.1.1 Required Data

(a) Pescription of the facility

(b) Pumping system inventory (provided prior to
assessment start) for systems that meet prescreening
criterip
(1) List of pumps
(1) Pump description.(indluding pumped media)
(3) Pump type
(4) Pump application
(4) Physical lgcation of pump
(4) Installed-motor data (rated nameplate power,
voltage, full load-amperage, and frequency)
1) Anntual operational hours (or % operation)
(§) €oritrol method (e.g., control valve, VSD, bypass)

~

The difference between Level 2 and Level 3
is the complexity of data gathering and) 1
evaluation of the collected data.

Level 2 assessments shall be performed
taken from the plant information systems,
electronic format, or by using/portable me
vices. The measurementswsually cover a lim
of time, thus giving a~snapshot of the oper
tions at the time of measurement.

In some cases a\Level 2 assessment of th
enough to determine the operating systen
and the savings potential. This is the case wh
that the dbbserved operating conditions are
tive for'the operation of the systems and thg

operating condition are small or nonexistent.

I#some cases the pumping system can be f
and straightforward, but the assessment is
due to influence on other systems that sets co
the possible changes to the pumping system

5.2.3 Level 3 Assessments. Level 3
shall be made on pumping systems whersg
vary substantially over time. In such systs
sessment team shall measure system p
over a time period long enough to capturg
ing conditions. This activity is usually assq
more extensive use of in-situ monitoring to
the operating conditions can be accurately
at the various duty points (i.e., design po
maximum and minimum flow rates). The
can be made by connecting transducers to d
equipment and recording the sensor output|
plants, where historical information is stos
evant information might be downloaded frg
information system.

hssessments
hter on, the

using data
in paper or
asuring de-
ted amount
ting condi-

e system is
h efficiency
en it is clear
representa-
changes in

hirly simple
fomplicated
nstraints on

hssessments
conditions
ms, the as-
erformance
all operat-
ciated with
ensure that
determined
nt, normal,
monitoring
ata logging
or in some
ed, the rel-
m the plant

5.2.1.2 Optional Information

(a) Operating parameters (including flow and pressure)

(b) Pump curve(s)

(c) Design point

(d) Cavitation at pump or in system

(e) Maintenance level (low, medium, high)

(f) Equipment information (service type, time in ser-
vice, shared duty, voltage)

(¢) Typical flow rates and variations thereof

(h) Duration diagrams

5.3 Walk-Through

After the prescreening has been conducted and sys-

tems have been selected for further investigation, the
assessment normally starts with a visual examination
of each pumping system to be assessed under Level 2
or Level 3. This shall entail walking the systems from
start to finish ensuring that the information provided
to the assessment team reflects the configuration of the
existing systems.
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It is advantageous to have an accurate piping and in-
strumentation diagram (P&ID) (if available) or other
graphical description that represents flows, pressures, and
all components and accessories of the existing system.

As process requirements change over time, systems
evolve as well. Beware that the as-built documentation
may be out-of-date. All components of the system shall
be considered and pertinent information such as valve
locations, locations of available pressure taps, flow me-
ters, valve positions, etc., should be noted.

ufacturers to document the pumping system design and
operating points.

(3) The assessment team should determine current
motor rewind policies and practices used by the plant.
If best practices for rewinding motors are not followed,
the motor losses could be larger than indicated by the
manufacturers’ data.

(4) The assessment team should also note the system
flow rate and pressure requirements, pump style, operating
speed, number of stages, and specific gravity, temperature,

A walk-through 1s required for Level Z and Level 3
assessmentg and may be required for some pumping sys-
tems undergoing a Level 1 assessment. When the facility
owner is confident that the provided information, such
as P&ID arfd other drawings, accurately represent the
target systefn, this step may not be required.

During the walk-through, information about the con-

trol metho

for the different systems such as valve set-

tings should be noted.

For the
Level 3 asse
the data lis
methodolog

(a) The a
ing conditi
pumping s
indicators s

umping systems undergoing Level 2 and
ksments, after the walk through is completed,
fed in para. 5.6 shall be collected using the
ies specified in para. 5.7.

bsessment team shall also identify any exist-
ns that are often associated with inefficient
ystem operation. These conditions include
ich as

(1) puthping systems where significant throttling

takes place

(2) putpnping systems with recirculation of flow

used as a cq

ntrol scheme

(3) puthping systems with large flow or presstire

variations

(4) multiple pumping systems where the"num-

ber of ope
to changin
lead/lag cy
(5) sys
minor user
(6) cav|
(7) hig
piping
(8) pun
degraded oy
casings, clog
sulting facili

Fated pumps is not adjusted.in.response
b conditions, or operating fvith excessive
cling

ems serving multiplefend uses where a
bets the pressure requirements

itating pumps andyer valves

h vibration and7ot' noisy pumps, motors or

hping systems with flow or head that have
rer time due to wear on pump impellers and
ged piping, or other reasons (may require con-
fystaff and historical data)

and viscosity of the fluid being pumped. If possible, the as-
sessment team should also measure and note theflow rate
and the suction and discharge pressures. (Nete that spot
checks of in-situ flow rates may only represent'one ppint in
time where demand varies on a continuous basis.)

(5) The assessment team should éxamine the fondi-
tion of sealing systems, especially, on high tempdrature
applications and applications«with a high ingress of fluid
into the pump process fluid'

5.4

The assessment.team shall determine the fundtional
requirements. of each pumping system undergging a
Level 2 orLevel 3 assessment. To assess a systerp, it is
imperative to understand the required function fof the
system, "This is sometimes referred to as the ulfimate
goal\of the system, which describes all the nec¢ssary
and desirable functions of the system. The assespment
team must understand normal operating conditipns as
well as operation under extreme and upset condjtions,
knowing the limits within which the system is dedigned
to operate and understanding how the operating con-
ditions are distributed over time. Information [about
these parameters is often available in facility conjputer
monitoring systems, or can often be obtained frdm en-
gineers and operators familiar with the system.

When the pumping system is a subsystem to a(larger
system, the larger system may impose limits on pofential
optimization strategies. It may even be impossible|to op-
timize the pumping system without fully understgnding
how the larger system is influenced by changes fto the
pumping system. In such cases the assessment tegm has
to ensure that cross-functional expertise is repregented
on the assessment team so that all potential implidations
of a change are understood.

Understanding System Requirements

(9) pur

bR PR P | e - 4
llJD VVILLT 1[151[ IITAITTICTIAIICT lC\iblllCll ICITLS

(10) systems for which the functional requirements
have changed with time, but the pumps have not

(b) Other
following;:

items that should be noted include the

(1) Valves should be examined to confirm that they
are operational.
(2) The assessment team should gather pump and

drive-motor nameplate information and document
operating schedules to develop load profiles, then obtain
head/capacity curves (if available) from the pump man-

10

SUlllC fauihﬁco lllﬂ)/ LlUt llavc aL\_ulﬂtC lc\.ULdD [£8 d the
facility personnel may be unable to supply the needed
information. The assessment team should monitor the
system over some period of time in order to establish the
demands on the system.

5.5 Determining System Boundaries and System
Demand

The assessment team shall determine the system
boundaries and system demand of each pumping system
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undergoing a Level 2 or Level 3 assessment. A pumping
system assessment considers the overall efficiency of an
existing operating system. The system is typically made
up of several components that may include, but are not
limited to, the pump(s), driver, including the power
supply system, variable speed control, piping, all valve
types, fittings, and suction and discharge sources such
as tanks, heat exchanger, boilers, etc. It is necessary to
understand the subsystems role relative to the total plant
process. The system boundary can be very complex as

Note that not all data must be collected in all cases to per-
form a proper assessment. The assessment team shall de-
termine the data collection needs for each system being
evaluated.

The assessment team shall maintain quality assur-
ance in the design and execution of a measurement
plan as a consistent, repeatable, and reproducible pro-
cess. The measurement plan shall adhere to principles
of accuracy, transparency, and reliability. The assess-
ment team should estimate the confidence, precision,

the supsystems may be part of a larger plant system, but
the bqundary shall be determined prior to any measure-
mentsand calculations.

Thejoverall design of the system has a major influence
on sysgtem efficiency. Pump efficiency is determined by
the pfimp’s operating point on its curve, whereas the
systerh efficiency requires comparing the power neces-
sary to fulfill the system demand to the input power
to the| system. In the case of pumping systems, input
powet is the power delivered to the system. If a vari-
able ffequency drive (VFD) is included in the system, it
shouldl be the power delivered to the VFD. For a system
with o VFD, the input power is the power delivered to
the mptor.

Thee are usually large differences between opti-
mum fefficiency of a component (such as a pump’s best
efficiehcy point), operating efficiency of the same com-
ponerft, and finally system efficiency. When system ef-
ficiengy is calculated, the fluid power necessary to fulfill
the pgocess demand, not the fluid power produced by
the pymp, shall be used.

Thel purpose of performing a pumping systenyassess-
ment |s to identify opportunities to reduce-énergy con-
sumption or energy intensity of the systent” To do this,
the agsessment team first has to detertnine the system
demand. For a simple throttled syétém, the system de-
mand|is the head and flow downistieam of the throttling
valve|For a bypass-controlled system it is the flow that
is not|bypassed and the appropriate pressure. The true
systeth demand can be difficult to determine for more
complex systems, and system demand can vary due to
procegs/productioh\requirements as well as seasonal
changs.

Ocdasionally, factors outside the investigated sys-
tem nhayinfluence the system or its operation. Such

and data loss of measurements. I'he measui
shall include the measurements required. to
annual energy consumption baseline\for th
system.

5.6.1 DriverInformation. Itis‘recognizedt
different types of drivers jnstalled in industy
such as various kinds oftelectrical motors, ste
belt drives and variablespeed drives. This stz
cused on assessing electrically driven pumpf
which are dominant in most industrial facilit

For assessmients regarding the efficiency
turbine, the réader is referred to the Energy A
Steam Systems standard (ASME EA-3).

It shoeuld also be noted that it is not necess
thé/exact driver efficiency to estimate unnecg
inra pumping system. The loss estimation m|
scribed in para. 6.2.2.

5.6.1.1 Motor Information. Initial mot

formation to be collected from the namepl3
able) or manufacturer data sheets includes

(a) line frequency

(b) motor size (rated power)

(c) motor rated speed — synchronous af
revolutions per minute (RPM)

(d) motor rated voltage

ement plan
develop an
e pumping

hat there are
ial facilities,
m turbines,
ndard is fo-
ng systems,
es.

of a steam
Esessment for

hry to know

ssary losses
ethod is de-

r/drive in-
te (if avail-

hd full-load

(e) motor full-load amps (FLA) — the current to the

motor when operating at rated power

(f) mominal efficiency or efficiency class (if provided)

(g) motor type (NEMA design)
(h) service factor
(i) direct drive or belt

tems where

5.6.1.2 Steam Turbine Drivers. In sys

a steam turbine is 11sed to drive a pump the pumping

factors comld originate from the ultimate goal of the
SyStEul.
5.6 Information Needed to Assess the Efficiency of a

Pumping System

Pumping system efficiency incorporates the efficien-
cies of the pump, motor, and other system components.
A goal of the Level 2 and Level 3 assessments is to com-
pare the used energy to the minimum that is required to
meet the process demands. Typical data collection needs
for a Level 2 or Level 3 assessment are provided below.
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system boundary can be drawn in such a way that the
turbine is covered by ASME EA-3 and the rest of the sys-
tem by this Standard. This Standard does not address the
assessment of steam turbines.

5.6.2 Pump Information. This information should
be obtained from the pump nameplate (if available) and
any records that may be kept on file for the pump. If the
information from the nameplate and records differ, this
should be noted and addressed later in the assessment of
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the system. Pump information required (when available)
includes

(a) type of pump

(b) number of stages

(c) type of drive

(d) nominal speed — (RPM)

(e) design point (QH) — “Q” represents “flow” and
“H” represents “head”

(f) impeller diameter

(g) pump performance curve, if available (including

(3) bypass/recirculation

(4) on/off

(5) more than one pump or split duty
(6) not controlled (pumps just run)

5.6.5 System Functional Baseline. The assessment
team shall record data associated with system function
and production process information. An estimate of the
long-term (annual, when possible) load profile shall be
developed, and used as a baseline for future system per-

rated dischqrge head, flow and iso-efficiency lines)
(h) mainfenance records
(i) note ahy pump cavitation

5.6.3 Flufd Properties Information.
information|, such as

(a) viscodity

(b) tempgrature

(c) speciffc gravity

(d) presefce of solids and their characterization

Required fluid

5.6.4 Megsured Data. This data is gathered utilizing
facility instfumentation or other diagnostic tools that the
facility or agsessment team may have available.

5.6.4.1| Electrical Data.
includes
(a) actual motor voltage

(b) curremt or power

Required electrical data

5.6.4.2| Fluid Data.
includes

(a) flow tate.

(b) presstire data at different locations in ‘the’system.
Pump operpting efficiency is determined by measuring
flow and hehd delivered by the pump ahd comparing the
fluid poweq to the power input to the-motor/drive. To
determine sfystem efficiency, the input to the motor/drive
is compared to the lowest amotint of energy that satisfies
process denpands. Pressure measurements therefore have
to be made pt such points-if the system that enables cal-
culating thd process demiands. For example, in throttled
systems the|system‘déemand is represented by the pump
head minusg the lead loss across the valve.

Required fluid information

mation includes
(a) system layout
(b) static head and if possible the system curve
(c) operating hours. Through discussion with operating
personnel, note approximate annual, seasonal, weekly, and
daily operating hours, along with variations over time.
(d) P&ID diagrams
(e) pump control method
(1) VSD
(2) throttled (valve percentage open if available)
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formance comparison. The assessment should, tecord
system operating conditions in a way that can’pe ac-
cessed in the future. Comparisons of future perforpance
will require adjustments for changing system fumction,
including factors such as productiongsHifts per ddy and
amount and type of products beingproduced.

5.7 Data Collection Methodology

5.7.1 System Information/~ The system curve (or qurves)
is needed to assess most-applications of pumping systems.
The system curve can be calculated from two differ¢gnt op-
erating points on‘the curve. These two points usually are
the static head 4t zero flow and one operating pajint. In
some rare cases it is impossible to assign a system curve.

The system curve shall be established and is esgential
for understanding the pumping system and the fonse-
quences to the system as a whole resulting from clanges
torany part of the system.

Demand variations as a function of time shall be
lished so that the appropriate measurements can be

estab-
made.

5.7.2 Measurement of Pump and Motor Operating
Data. As described above, the primary required ¢lata is
head, flow, power, and operating time.

If the operating conditions of the pumping syst¢m are
constant or only vary minimally in time, a snapshot of
the operating conditions might be enough to assgss the
system. If the system demand varies over time, the as-
sessment team shall determine if the system needs to be
monitored over time and what time period is reaspnable
to get a representation of all operating conditions.

Operating data might also be readily availablein the
facility process control or database of historical opdrating
conditions.

7~ : Id be
made using calibrated reliable gauges or transducers.

It is important to realize the calculation of efficiency
varies based on the locations of the pressure measure-
ments. If only the pump efficiency is wanted, pressure
measurements should be made close to the pump on
both the suction and the discharge side. Typically, this is
not sufficient for an assessment. When measuring pump
performance it is recommended that head losses between
the suction and discharge head measurement points at
the pump be estimated.
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To assess the system efficiency, the measured pressures
have to be relevant to the system demand.

5.7.4 Flow. The system flow rate shall be determined
to establish pump and system efficiencies. Flow rates shall
be measured whenever practical, and calculated using a
proven methodology when measurement is not practi-
cal. Measurements are preferably made with calibrated
flowmeters that are properly installed into the system and
knowntabe accurate acrass the ranoe of measured condi-

(a) pump head and pump head curve to estimate flow

rate

(b) electric power and motor performance curve (or
estimates) to estimate shaft power, and then use the shaft

power and pump shaft power curve to es
rate

timate flow

(c) measured valve position and flow rate combined
with the valve characteristic curve to estimate differen-

tial pressure
(d) measured drawdown and fill times,

along with

tions. [[deally, there will be ten diameters of straight pipe
upstrdam and five downstream of a flow meter. This en-
sures & fully developed flow profile and reduces measure-
ment error. When necessary to use portable flow meters,
verifidation of the measurements should be performed by
reinstglling the flowmeter in an alternate location or using
multiple measurement techniques. If large variations are
found} the measurements shall be considered unreliable.

In spme cases, it is necessary to determine the flow rate
from the pressure drop across a component with known
charagteristics or by using data from the pump manu-
facturpr’s performance curve. In such cases, the data
shouldl be cross-correlated with both pressure and power
measyrements.

5.7
VFDi
and
powel
which
not pq
ternat
currer

5 Motor Input Power. The motor input power (or
hput if applicable) is used in calculating both pump
umping system efficiency. Preferably, the input
should be measured directly using a power meter,
should give the most accurate results. When-it is
ssible to measure power directly, an acceptable al-
ve is to estimate or measure voltagesand measure
t delivered to the motor. If basic motor informa-
tion ap described in para. 5.6.1.1 is ayailable and valid,
motor| output can be estimated. The calculation depends
on estimates regarding the size of power factor. The ac-
curacy of such estimates incréasés with the load of the
motor| and is reasonably aceurate over 50% of the rated
powey of the motor. Thetre\ate computer programs avail-
able that make these kinds of estimates.

Obtpining electrical' measurements presents hazards to
health and safety-and therefore shall be performed only
by a qualified €lectrical worker trained in the use of the
measyrement* equipment per NFPA 70E, Standard for
Electrjcal,Safety in the Workplace.

well or sump dimensional data, to estimate
rate

Proxy methods can be used for prelimina
cation of potential energy savings-opportur|
help determine whether the magnittde of sa
ficient to warrant further invéstigation.

It is beyond the scope ofithis Standard to d¢

pump flow
ry quantifi-
ities and to

vings is suf-

tail the var-

ious cross-validation techniques, but they are vital tools

in the assessment and-solution-development

5.9 Wrap-Up-Meeting and Presentation of
Findings and Recommendations

The final'step in conducting the assessment
tatiof'of findings and preliminary recommengd
wrap-up meeting should be attended by the ¢
ment team. During this meeting, outstandi
and issues from the assessment team should b
The tentative results of the assessment shall
presented and should include but not be limit

(a) review of the assessment process used

(b) energy intensity or efficiency of th|
assessed

(c) tentative recommended improvem
preliminary energy and cost savings, if avail

(d) discussion of any further analysis reco

(e) any general comments and observatior

process.

Initial

5 the presen-
lations. This
ntire assess-
g questions
b addressed.
be formally
bd to

b systemy(s)

ents, with
hble
mmended

1S

The results presented shall be qualiffed as pre-

liminary, subject to further analysis and

Target dates for the delivery of a draft an|
sions of the written report shall be set
agreement.

Fefinement.
d final ver-
by mutual

6 ANALYSIS OF DATA FROM THE ASSESSMENT

6.1 Common Causes and Remedies for Ex

fessive

5.8 Cross Validation

To accurately characterize the performance and opportu-
nities for improving pumping systems, three basic types of
measurements are required: flow rate, pressure, and power.
In many industrial pumping applications, it is not feasible
to acquire one or more of these parameters, or their acqui-
sition may require considerable time and cost. In order to
estimate potential savings opportunities, proxy data may
be very helpful. Examples of proxy methods include
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Energy Use

The collected data shall be analyzed to determine the

optimal amount of energy required to perform neces-
sary system functions. Software tools, when applicable,
may be used to perform calculations. However, it is
critical that a thorough understanding of system re-
quirements be established before the application of any
analysis technique. Experience has shown that failure to
understand the actual process requirements can be the
single largest contributor to inefficient system operation.
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Therefore, it is necessary to distinguish between system
design specifications and actual process requirements
before attempting to quantify opportunities. At a funda-
mental level, opportunities to reduce pumping system
energy consumption will comprise at least one of three
actions. There is often overlap among the three actions
such that one change can be attributed to more than one
category. An example of this would be increasing the
run time of a batch operation by decreasing the flow
rate. Decreasing the flow rate, while not changing the

(c) Batch processes that are basically fill and drain can
benefit from reducing the flow rate as long as it does not
create an unacceptable change to the production schedule.

(d) Turn off pumps when flow is not needed.

6.1.3 Ensuring that Components Operate Close to Best
Efficiency. The operating efficiencies of the various
components that comprise the pumping system can vary
substantially depending on where they operate on their
respective curves. As a rule, motors should not be oper-

system cury
the system
could signi
operation.
It should
made to the
resulting in
for another,
system is m|
mal operati

6.1.1 Re
tunities to
This list is
of the mg
experience

(a) Remo

(b) Clean|
nents such §

(c) Isolat
equipment

(d) Mainf

tions of pipg.

(e) Redu
() Emplg
ceiving tan}
(g) Elimi
the system 1
(h) Replal
eter pipe W

¢, will change where a pump 1s operating on
curve, and in a highly frictional system this
icantly reduce the head required for system

be understood that once a physical change is
system, the system curve will likely change,
different system requirements and the need
iteration of system analysis. Each time the
pdified there is the potential to redefine opti-
bn for that system.

Huce System Head. Examples of oppor-
reduce the system head are shown below.
hot comprehensive. Rather, it shows some
st common opportunities identified by

ve /reduce unnecessary throttling.

or perform maintenance on fouled compo-
s heat exchangers.
b flow paths to nonessential equipment or
hat is not operating.

ain proper fill and venting of elevated.'séc-
e/remove sediment and scale buildup.

y an air gap between pipe discharge and re-
when isolation is not necegsary.
hate operating with a flow rate that exceeds
equirement.
ce old or corroded¢pipé, using larger diam-
here feasible in<high-velocity systems, and

reduce the umber of fittings-as feasible.

6.1.2 Reduce System Flow Rate.

tunities to r
This listis n

Examples of oppor-
pduee the system flow rate are shown below.
tcomiprehensive. Rather, it shows some of the

ated below 30% of the rated load. Pumps should, prefer-
ably be operated close to BEP. Operation away. from BEP
quickly reduces pump efficiency.

It should also be noted that different‘types of dlectric
motors and steam turbines can differisubstantiallyf in ef-
ficiency. See para. 5.6.1.

6.1.4 Change Pumping System Run Time.
based on changing systemirun time are often used
the system requirement, is dominated by static
Such uses include, but are not limited to

(a) sumps/liftStations.

(b) systems with electric rates that change baged on
time of use orhave a demand component.

(c) systemis that run when the process is not ope
Often.a-tecirculation loop is employed rather thar
ing a pump off when flow is not needed.

Opportfinities
where
head.

ating.
turn-

The relationship between pump efficiency and pump-
ing system efficiency is described in this paragraplh.

“Pump efficiency” is the ratio of the hydraulic jpump
output powers of the pumped liquid to the mecHanical
pump (shaft) input power (P,), usually expressefl as a
percentage. The equation for calculating pump effitiency
(n,) is as follows:

6.2 Basic Energy Reduction Opportunity Calcul‘{tions

p
=_» X 100
n, Pp
The pump output power, P, is calculated with the fol-
lowing equations:
. _ OXHX|s
(U.S. Customary units, hp) P, = 3960 |
) _QXHX
(ST units, KW) P = 367 |

most comm

. e I DUSTET SO I :
OITOPPOT TtIITICS TUCTTIIITICT Uy CXPeTTeTICe:

(1) Maintain appropriate differential temperatures.

Pumping systems are often employed to circulate cool-
ing water for various processes. Often, systems will op-
erate with a higher flow rate than is necessary to remove
heat from the system. For example, if a cooling tower is
designed for a 10°F differential temperature and the flow
rate is such that a 2°F differential temperature is main-
tained, there is a good chance the system flow rate can
be reduced.
(b) Isolate unnecessary flow paths.
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VV}[CLC
H = total head, ft (m)
Q = rate of flow, gal/min (m?/h)
s = specific gravity or relative density
There are two ways of characterizing energy reduc-
tion potential:
(a) measure/estimate existing performance and com-
pare it to optimal performance or
(b) measure/estimate existing losses
There are various techniques and tools that may be
used with these two fundamental methods. The specific
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techniques may vary considerably in terms of ease of use,
accuracy of results, and specificity of potential solutions.

7 REPORTING AND DOCUMENTATION

7.1 Final Assessment Report

At the conclusion of the onsite assessment and any
required follow-up data analysis, the assessment results
shall be reported in a final written report, as described in

7.2.4 Description of System(s) Studied in Assessment
and Significant System Issues. The report shall include
a detailed description of the specific system(s) on which
the assessment was performed. Depending on the sys-
tem assessed, the discussion of system operation can be
extensive and should be supported by graphs, tables and
system schematics. Supporting documentation should
also be included to clarify the operation of the system

components and their interrelationships.

Any significant system issues shall be described, includ-

para. =

7.2 Report Contents

The|final assessment report shall include the following
information:

(a) pxecutive summary

(b) facility information

(c) pssessment goals and scope

(d) description of system(s) studied in assessment and

significant system issues

(e) hssessment data collection and measurements

(f) dlata analysis

(g) pnnual energy use baseline

(h) Jperformance improvement opportunities and pri-
oritizgtion

(i) fecommendations for implementation activities

(j) gppendices

7.2]1 Executive Summary. This section shall cen-
denseland summarize the report in brief. The executive
summnfary shall provide an overview of

(a) the facility, plant background, and produets made
at the [plant

(b) poals and scope of the assessment

(c) pystem(s) assessed and measurement boundaries
used

(d) pnnual energy use baseline and associated confi-
dence|and precision

(e) performance opportunities identified with associ-
ated epergy and cost savings

(f) {otal energy and cost savings and associated confi-
dencel|and precision

(g) pction planfor implementation activities

7.2)2+Facility Information. A detailed description of

ing an operational review of system. Any_dxisting best
practices found (methods and proceduresfofinyd to be most
effective at energy reduction) shall be documented.

7.2.5 Assessment Data Collection and Me
The methods used to identify<and interview
personnel, obtain data, and{econduct measurg
be identified, including ait overview of the ny
plan. Measurementidata and observations
para. 7.3 not reported in para. 7.2.6 shall be |
appendix. For’a Level 1 assessment, there sh
quantitative data since the focus is to priorit
energy savings opportunities. Relevant data s

(a), defining system requirements and a dete|
how system operation changes during the yea
systém process data).

(b) pump total dynamic head (TDH), com
tional head losses and system curve should b
where appropriate and possible (use of exis
portable pressure transducers or based on
charge tank elevations).

(c) electrical energy use data (use of portabl
instrumentation).

(d) determination of pump operating hours
tervals (plant historical data, staff input, data 1

(e) pump performance information, when 4
neric or shop test pump curves, field data).

(f) measurement or estimation of system
losses in valves and heat exchangers).

asurements.
key facility
ments shall
easurement
equired for
blaced in an
puld be less
ze potential
hall include
Fmination of
r (drawings,

ponent fric-
e developed
ing gauges,
suction/dis-

e or existing
and flow in-
ggers).

vailable (ge-

losses (e.g.,

This section should also include a discusgion of data

accuracy and the need for verification befors
mended projects are approved.

A Level 2 assessment will require less quar
reporting than a Level 3 assessment.

the recom-

titative data

The assessment report shall give details on} the consis-
tency, repeatability, and reproducibility of the measure-

the faé

1t 1 1 pa | 1 L lad Lalll. 2
Llll-y, UULI\SLUUI lL,l, AUl TAdCIIn I.)’ FUIFUDC oldIl UCT 1IIT
cluded in this section.

7.2.3 Assessment Goals and Scope. This report
section shall contain a brief statement of the assess-
ment’s goals. The report shall identify the boundaries
of the specific system(s) on which the assessment was
performed and why the boundaries were selected. This
report section shall include a description of the gen-
eral approach and methodology used to conduct the
assessment.
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ments. The assessment report should show the confidence,
precision, and data loss of measurements.

7.2.6 Data Analysis. The report shall include the
outcome of your measurements and data analysis in ac-
cordance with site specific assessment goals, assessment
plan of action and statement of work. Any significant
analytical methods, measurements, observations, and
results from data analysis from completed action items
shall be documented.
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