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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

loctrotacho ool oo do e dio o4 oo
FICCLI ULLUUITITIVUAT OltdITUdITI UIZAactivIll.

he procedures used to develop this document and those intended for its further maintenance are
lescribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘needed for the
lifferent types of ISO documents should be noted. This document was drafted in accordance with the
bditorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this documént may be the sybject of
pbatent rights. ISO shall not be held responsible for identifying any or all suchspatent rights. Details of any
batent rights identified during the development of the document will be iifthe Introduction and/or on
he ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the-eonvenience of users and does not
fonstitute an endorsement.

For an explanation on the meaning of ISO specific terms ‘and expressions related to confformity
issessment, as well as information about ISO’s adherence te the WTO principles in the Technical Barriers
o Trade (TBT), see the following URL: Foreword - Supplementary information

SO/ASME 14414 was prepared by ISO/TC 115,~Pumps, in collaboration with ASME EA Standards
Committee — Industrial System Energy Assessment.

ASME is the registered trademark of The Anierican Society of Mechanical Engineers.

['his standard was developed under procedures accredited as meeting the criteria for American National
btandards. The Standards Committeéthatapproved the standard wasbalanced to assure thatindjviduals
[rom competent and concerned ifiterests have had an opportunity to participate. The proposed|code or
standard was made available for public review and comment that provides an opportunity for additional
bublic input from industry,academia, regulatory agencies, and the public-at-large.

» )«

ASME does not “approve® “rate”, or “endorse” any item, construction, proprietary device, or activity.
\SME does not takeany position with respect to the validity of any patent rights asserted in connection
vith any items mentioned in this document, and does not undertake to insure anyone utilizing a standard
hgainst liabilityfor infringement of any applicable letters patent, nor assumes any such liabilitly. Users
bf a standardidre expressly advised that determination of the validity of any such patent rights,jand the
[isk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is nqt to be
ntérpreted as government or industry endorsement of this standard.

ASME acceptsresponsibility for only those interpretations of designated documentsissued in accordance
with the established ASME procedures and policies, which precludes the issuance of interpretations by
individuals. ASME will not issue written interpretations of this edition of this standard.

ISO/ASME 14414 was approved as an American National Standard by the American National Standards
Institute on 2015-02-06.
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Intro

Pumpin

duction

g systems account for a significant portion of a facility’s energy consumption in many industries.

In the majority of pumping systems the energy added to the working liquid by the pump is much greater

than is
valve) i

required by the process. The excess energy added to the system (e.g. due to throttled control
ncreases heat, noise and vibration but also can bring the system’s maintenance costs. The

addition of excessive energy to the system often results in over-sizing piping system components such
as pumps, process components, and control valves, resulting in an increase in capital costs.

This Inf
system
a comi
service
as ener

In all
functio
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Whenc
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This Int
to decr¢

This International Standard includes the required assessment report content in Annex A. It givey

exampl
compet
in Anne
in Annd
efficien

This Int

ernational Standard provides a method to assess pump systems, to identify and quantify putnay
energy consumption reduction opportunities and reliability improvement opportunities. [tgives
on definition for what constitutes an assessment for both users and providers of asséssment
. [ts objective is to provide clarity for these types of services which have been variously déscribed
by assessments, energy audits, energy surveys and energy studies.

ases, systems (energy-using logical groups of equipment organized to pérform a specifi
) are analysed through various techniques such as measurement, resulting'in identification|
ntation and prioritization of energy performance improvement opporturities.

bntracting for assessmentservices, facility personnel may use this Intetnational Standard to defing
imunicate their desired scope of assessment activity to third party.centractors or consultants.

ernational Standard is expected to contribute to decreased enetgyconsumptionand consequently
pased carbon footprint.

s of efficient system operation and energy reductionmopportunities in Annex B, information or
encies and experiences welcomed to perform auditih Annex C, guidelines for analysis softwarsg
x D, a typical example of pre-screening worksheet in Annex E, information on specific energy
x F, information on the concept of parasitic ppwer in Annex G and examples of pumping systen
cy indicator in Annex H.

ernational Standard is developed within the framework of ISO 50001, ISO 50002 and ISO 50003

Vi
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INTERNATIONAL STANDARD

Pump system energy assessment

1 Scope

This International Standard sets the requirements for conducting and reporting the results ofap

umping

bystem energy assessment (hereafter referenced as "assessment”™) that considers the entire p
bystem, from energy inputs to the work performed as the result of these inputs.

['he objective of a pumping system energy assessment is to determine the current energy'‘¢onsy
bf an existing system and identify ways to improve system efficiency.

[hese requirements consist of

— organizing and conducting an assessment,

— analysing the data from the assessment, and

— reporting and documenting assessment findings.

[his International Standard is designed to be applied, to open and-closed loop pumping systems t
ised at industrial, institutional, commercial, and municipakfacilities, when requested.

Hlominant in most facilities, but is applicable with other types of drivers, such as steam turbi
bngines, and drives such as belt.

['he International Standard does not
h)  specify how to design a pumping system,

h) give detailed qualifications and eXpertise required of the person using the International S
although provides a list of body~of knowledge in Annex C,

) address the training or certification of persons,

1) specify how to implement the recommendations developed during the assessment, but does
requirements for@n action plan,

e)  specify how to measure and validate the energy savings that result from implementing assg
recommendations,

) specifyhow to make measurements and how to calibrate testequipment used during the asse

) specify how to estimate the implementation cost or conduct financial analysis for recommen
developed during the assessment,

umping

mption

ypically

[his International Standard is focused on assessing électrically-driven pumping systems, which are

hes and

andard

include

ssment

ssment,

dations

h) specify specific steps required for safe operation of equipment during the assessment. The

facility

personnel in charge of normal operation of the equipment are responsible for ensuring that it is

operated safely during the data collection phase of the assessment,

i) addressissues of intellectual property, security, confidentiality, and safety.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments) applies.

© ISO/ASME 2015 - All rights reserved
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ISO 17769-1, Liquid pumps and installation — General terms, definitions, quantities, letter symbols and
units — Part 1: Liquid pumps

ISO 17769-2, Liquid pumps and installation — General terms, definitions, quantities, letter symbols and
units — Part 2: Pumping system
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 17769-1 and ISO 17769-2, and
the foll¢wing apply.

31
system| energy demand
minimym amount of energy which a pumping system in a specified process requires

3.2
compohents
individyial items of equipment within a system

EXAMPILE Pump, motor, drive, valve, heat exchanger.
3.3
hydraulic power

water orsepower

power imparted to the liquid by the pump

34
electri¢al power input
power fequired to support the pumping system operation

3.5
specifi¢ energy
energy consumed to move a certain volume of liquid through the system

3.6
parasitic power
power imparted to the shaft of a pump and not used to move the fluid through the system

4 Identification of the(assessment team, authority and functions

4.1 Identification ef‘assessment team functions

The asgessment téam composed of knowledgeable personnel shall have members that are assigned
respongibility and authority to carry out the following functions:

— respunceallocation, in order to:

— —aifocate funding and TeSouTrces MeCessary to pialr and eXecute the aSSesSIent,
— exercise final decision making authority on resources,

— oversee the eventual participation of non-facility personnel including contracts, scheduling,
confidentiality agreements, and statement of work.

— coordination, logistics and communications, in order to:

— obtain necessary support from facility personnel and other individuals and organizations
during the assessment,

8 © ISO/ASME 2015 - All rights reserved
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— participate in organizing the assessment team and coordinate access to relevant personnel,

systems, and equipment,

— organize, schedule activities and manage the assessment.

4.2 Assessment team structure, leadership and competency

The assessment team should comprise of personnel from cross functional backgrounds. It shall

include:

an accaccenryvwhahactha niymin cuctam analucic cammnatanciac ac daceribhaod in Annay C.
T Tt T OV Y IO Tttt S PO pPo y Ot eI ooty o To- CoTH P e terereo oo e ot o e o ey

— experts on the processes and the function of the system;
— experts on the maintenance practises of the pumping system;

— experts who can provide the team with cost data.

particularly considering the competence of the assessor

#.3 Facility management support

Facility management shall understand and support the-purpose of the assessment.
hssessment to the extent necessary.

hissessment, as follows:
— commit the necessary funding,personnel, and resources to support the assessment;

— communicate to facility personnel the assessment’s importance to the organization.

1.4 Communications

Lines of communieation required for the assessment shall be established.

TL.S Access to facilities, personnel and information

— thehostorganizationrepresentative who has overall responsibility and ownership for theassessment;

[he assessment team may be from the host organization or enhanced hy using outsourced spégcialists

[he host organization shall appoint the assessment team leader.\This person may be a host|facility
bmployee or an external assessor. In small organisations, the teamleader may be the competent agsessor.

Facility management shall allow assessment téam members from the facility to participatg in the

[he assessment team shall gain written Support of facility management prior to conductling the

['he assessmentteam shall provide clear guidance to facilitate communications among membefys of the
hissessment{téam so all necessary information and data can be communicated in a timely manrfer. This
shall inclade administrative data, logistics information, as well as operational and maintenance|data.

The assessment team shall have access to:

— facility areas and pump systems required to conduct the assessment,

— facility personnel (engineering, operations, maintenance, ...), their equipment vendors, contractors
and others, to collect information pertinent and useful to the assessment activities and analysis of

data used for preparation of the report,

— otherinformation sources such as drawings, manuals, data sheet, maintenance records, testreports,
historical utility bill information, computer monitoring and control data, electrical equipment

panels, and calibration records.

© ISO/ASME 2015 - All rights reserved
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All data initially identified as essential to the assessment shall be obtained in discussions with
knowledgeable facility staff.

4.6 Assessment objectives, scope and boundaries

The overall objectives and scope of the assessment including portion(s) of the facility and boundaries
of the system(s) that are to be assessed shall be discussed and agreed upon at an early stage by the
assessment team.

The asrmmmmmmmmmm'
performance improvement targets.

4.7 Alction plan

4.7.1 |General

An actipn plan for the assessment shall be developed and agreed upon by the assessment team ang
systemjowners in order to facilitate the assessment and to make it clear to all assesSment team member:
how th¢ assessment shall be conducted.

The plap shall be flexible and should accommodate various outcomes depending on findings during thg
assessment, among others:

a) estpblish information objectives, in particular:
— | determine system boundaries (see 5.4);
— | review information that has been collected before'the start of the assessment;
— | identify how much is known about the systenis'and what information has to be obtained;
— | start with a level 1 assessment (see 5.1.2);
b) identify informational objectives for the-assessment (see 5.1):
— | determine how extensive the assessment is;
— | identify the systems thatare included in the assessment;
— | identify what information is available and what is necessary to collect;

— | identify information’'that is available on paper records (such as logs) or in the facility computel
systems and what' system parameters are necessary to measure;

— | identify who is going to be involved and responsible for the collection of necessary data;

c) esthblishwfeasurement requirements (see 5.6) in particular:

— | identify whether a snapshot of the conditions is sufficient (level 2 according to Table 1) or if it i
Tecessary tocottectimformatiorduringamrextended periodof timre ttevet 3according totabte 23,

— identify if permanently installed measurement equipment is available and trustworthy;
d) identify additional informational objectives and in particular true process demands (see 5.4);
e) identify the methods required to meet assessment informational objectives:

— identify how the data are going to be analysed, taking into account the recommendations
from Annex B;

— identify tools/software programs that are going to be used;

10 © ISO/ASME 2015 - All rights reserved
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f) identify content of the report and responsibilities.

4.7.2 Assessment scheduling

The dates of the assessment, and dates and times of key meetings shall be designated in advance of
beginning the assessment.

The assessment meetings shall include:

—  kick-off meeting It shall accur just priorto the commencement of the assessment. The purpose of

this meeting is to review information to be collected in the initial data collection and évaluation
(see 4.8) and establish the work schedule. At this meeting, the assessment team should\dis¢uss the
safety protocols, tools, methods, measurement, metering and diagnostic equipment requirgd;

— daily schedule(s) for the on-site assessment;

— periodic reporting to facility managers in the form of debriefings should,.occur as agreed-yipon by
the assessment team;

— wrap-up meeting at the conclusion of the onsite activities. It is designéd to outline the ass¢ssment
investigations and initial recommendations (see 5.8).

[he assessment team shall determine corrective courses of actiorifor irregularities that may or do occur
Huring an assessment (e.g. the failure of a computerized records'system).

4.8 Initial Data Collection and Evaluation

1.8.1 General

Before the start of the assessment, the initial'data collection shall be made. To expedite the process,
brecollection data are optional.

NOTE This information is used in all assessment phases.

1.8.2 Initial facility specialistiinterviews

[he assessment team shallscollect information on operating practices and any specific operating
considerations that affectenergy use for the equipment through contact with personnel and spefialists.

[he assessment team'shall also have access to facilities personnel who understand connected §ystems
hat will be influenced by changes made to the pumping system.

1.8.3 Energyproject history

[he assessment team shall collect and review information on energy saving projects, assessments,
hudits, baselines, or benchmarking already conducted for the pumping systems being assessed.

1 O
O

4 Enaxrgy ooct
“T LIICTE Yy COST

The assessment team shall collect cost data including electricity cost per kWh, or other similar terms,
considering all charges such as demand charges, peak rates, time-of-the-day rate and any other costs up
to the point of use. Where necessary, appropriate costs should be assigned to onsite generated electricity.
These costs should be used in subsequent analyses. If electricity is generated on site the avoided cost or
potential sales cost of the energy should be used.

The assessment team shall agree on the period during which the costs are considered valid.

The assessment team should also consider issues such as demand charges and trends to identify
situations not made obvious by the use of average values.

© ISO/ASME 2015 - All rights reserved 11
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From this information, the assessment team shall determine an average annual energy cost per kWh
over the previous 12 months.

Ifafacil

4.8.5
The ass

— def

ity has established a marginal cost for energy, it may be used in the energy cost saving calculation

Initial system data

essment team shall:

ine the functionalneeds of the cycfpm(c);

— ide
— ide
— ide
— ide
— ide

— ide

efficiency operation (see Annexes F and H);

— ide

efficiency. All of them shall be considered, not because of their energy consumption but for thg

con

4.9 (pbjective check

Prior tda
stated 4

The act
capacit

5 Co

htify high energy consumption equipment;

ntify control method(s);

ntify throttle control systems;

htify high, low or negative static head systems;

htify inefficient devices (obvious signs of disrepair or incorrect operation);

ntify lower mean time before failure (MTBF) pump systems, which’generally indicate poot

tify small power input systems that have significant influence on facility reliability ang

sequence on the efficiency of the whole facility.

conducting the assessment, the assessment-feam shall ensure that the action plan meets thg
ssessment objectives.

on plan of assessment and the objectives'shall be reviewed for relevance, cost-effectiveness, anc
y to produce the desired results.

hducting the Assessmernt

5.1 Assessment Levels

5.1.1 (General

Depending on the npe€ds of the host organization, one or more of the levels of assessment given in Table 1
shall be selecteds

12 © ISO/ASME 2015 - All rights reserved
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Table 1 — Assessment Level Overview

R Level 1 Level 2 Level 3
Activities
assessment assessment assessment
Pre-screening opportunities Required Required Required
Walk through Optional Required Required
i(iieesntlfy systems with potential saving opportuni- Required Required Required
Fygluate Systems with potential saving opportu- Optional Required Requifed
nities
Measul-‘emen_t of operating data for a typical single Optional Required Requifed
operating point
l\/ieasurem_ent/datq l_ogglng of systems with varia- Not Applicable Not Applicable Requifed
e operating conditions

INOTE 1 Alevel 1assessmentisa qualitative review with possible quantitative elements intended to determine the potential

or significant energy savings based on further assessments and to identify specific systems that merit a greate} level of

ttention.
INOTE 2 A level 2 assessment is a quantitative review intended to determine enefgy consumption and potential savings

ased on measurement of a single steady-state operating condition requiring a single set of measurements.

INOTE 3 A level 3 assessment is a quantitative review that takes varying system demands into account by md
he system over a time span long enough to capture the various operating conditions which require their oy
easurements.

nitoring
' set of

Depending on the level of assessment, data shall be collécted in accordance with Table 2.

b.1.2 Level 1 assessments

Level 1 assessment shall include gathering ofssystem information for pumping systems consid
bvaluation within the scope of the assessment.

Level 1 assessment shall start with the pre-screening.

During the pre-screening, the control methods for the different systems shall be noted. It
letermined which systems arte best suited for a closer evaluation. It should also be noted if ch3

strategies for the pump system.
As much information.as/practical should be collected during the level 1 assessment.

[he availability at\the facility of some types of data (see 5.5) should also be reported during thg
hssessment eyenif it is not collected.

vorksheet to aid in the data collection process is given in Annex E.

bred for

hall be
nges to

he pump system will affectiether systems, thereby introducing constraints on potential optimization

b level 1

A pre-screening worksheet shall be used to assist in this pre-screening exercise. A typical example of

nigeneral, the steps taken during the pre-screening shall include the following:

a) sortby driver size, annual operating hours, and estimated energy cost;
b) focus on centrifugal pumps operating at fixed speed;
c) focuson pumping systems that throttle and recirculate for flow control;

d) lookfor energy-waste symptoms such as large difference in supply and demand, commonly a
through valve throttling and by-pass flows (see 5.5.5);

chieved

e) identify inefficient pumping systems via maintenance and operational staff interviews and review

of maintenance records;

f) select for assessment those systems that appear most likely to exhibit savings potential.

© ISO/ASME 2015 - All rights reserved
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From thisinformation the assessment team shall make estimates regarding the potential for energy savings
in each system and shall select the pumping systems that meet the criteria for level 2 or level 3 assessments.

5.1.3

Level 2
represe
non-exi

Level 2 assessments

assessments shall be performed when it is clear that the observed operating conditions are
ntative for the operation of the systems and the changes in operating condition are small or
stent.

Level 2
or elect]
amount

5.1.4

Level 3
For suc

or captyire data at the extreme duty points. This activity shall be associated withimere extensive use of

in situ 1

duty pdints (i.e. design point, normal, rated, maximum and minimum flow rates). The monitoring shal

be mad
some f4
from th

gssessnentsshattbe pet formed using datatakenfronrthe fa\,i}it_y information systentsyirpape
ronic format, or by using portable measuring devices. The measurements shall cover a limiteqg
of time, thus giving a snapshot of the operating conditions at the time of measurement.

Level 3 Assessments

assessments shall be made on pumps systems where conditions vary substantially over time
n systems, the assessment team shall record the system performance data ovér'the time periog

honitoring to ensure that the operating conditions can be accurately determined at the various
e by connecting transducers to data logging equipment and recording the sensor output, or i

cilities, where historical information is stored, the relevant information should be downloaded
e facility information system.

Table 2 — Required and optional data for assessment level 1, 2 and 3

. . Level 1 Level 2 Level 3
System information
assessment assessment | assessment
Descripftion of the facility Required Required Required
Pumpinfg system inventory (provided prior to assessmerit
start) fqr systems that meet pre-screening criteria
- List of[pumps
- Pump Hdescription (including pumped media)
- Pump type
- Pump ppplication Required Required Required
- Physidal location of pump
- Installled motor data (rated\nameplate power, voltage, full
load ar:]perage, and frequency)
- Annuall operationathours (or % operation)
- Contrgl method €.g: control valve, variable speed drive
(VSD), hypass
Operatipg parameters (including flow and pressure) Optional Required Required
Pump ctrvetsy Optiomat Required Required
Design point Optional Required Required
Cavitation at pump or in system Optional Required Required
Maintenance level (low, medium, high) Optional Required Required
gqulpment information (service type, time in service, shared Optional Required Required
uty, voltage)
Typical flow rates and variations thereof Optional Required Required
Duration diagrams Optional Required Required
Histograms Optional Required Required
14 © ISO/ASME 2015 - All rights reserved
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. . Level 1 Level 2 Level 3
System information
assessment assessment | assessment
Maintenance costs Optional Required Required
Process and instrument diagrams (PID)/Digital control sys- . . .
tem (DCS) screen-shots Optional Required Required
Rating of any other drive system (e.g. steam turbine drive) Optional Required Required

6.2 Walk Through

Awalkthroughisrequired forlevel 2 and 3 assessments and may be required for some pumping §
indergoing a level 1 assessment.

[he walk through shall entail examination throughout ensuring that the inforrhation provide
hssessment team reflects the configuration of the existing systems.

For the pumping systems undergoing level 2 and 3 assessments, after thewalk through is complg
nformation listed in 5.5 shall be collected using the methodologies specified in 5.6.

All components of the system shall be considered and pertinent information such as valve lo
ocations of available pressure taps, flow meters, valve positions-etc. should be noted.

During the walk through, information about the control methods for the different systems such
bettings should be noted.

[he assessment team shall also identify any existing conditions that are often associated with ing
bumping system operation.

[hese conditions may be identified through the following potential indicators:
) pumping systems where significant throttling takes placel

b) pumping systems with recirculation of flow used as a control scheme;

) pumping systems with large flow or pressure variations;

1) systems with multiple pumps where the number of operated pumps is not adjusted in resy
changing conditions

b) systems serving multiple end uses where a minor user sets the pressure requirementsl);
) cavitating.egquipmentl);
) high vibration and/or noisy pumps, motors or pipingl);

1) equipment with high maintenance requirements (low MTBF) 1),

ystems

 to the

ted, the

cations,

hs valve

pfficient

onse to

e not;

) \Systems for which the functional requirements have changed with time, but the pumps hav

j)  worn, eroded, corroded, distorted or broken impellers/diffusers/vanes or wear rings and
(if available, this information can be provided by facility staff);

k) clogged pipelines or pumps (usually requires historical data to be discovered);

1) systems which have a low pumping system efficiency indicator (for information, see Annex

seized valves or leaking recirculation valves;

n) sealing systems, especially high temperature, requiring cooling (see B.4.3);

1) Possible indication of excessive parasitic power level (see Annex H).
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o) lack of proper inlet screening, where appropriate.

5.3 Understanding system functional requirements

The assessment team shall determine what are the normal operating conditions as well as operation
under extreme and abnormal conditions, knowing the limits within which the system is designed to
operate and how the operating conditions are distributed overtime.

If accurate records are not available and the facility personnel may be unable to supply the needed
informatiom : : A .
the dempands on the system.

5.4 Deetermining system boundaries and system energy demand

The asgessment team shall determine the system boundaries and system energy demand of each
pumping system undergoing a level 2 or 3 assessment.

A pumping system assessment shall consider the overall efficiency of the existingsystem.

NOTE Ifthe subsystems are part of alarger facility system, the system boundaryis complex and the boundary
is deterpined prior to any measurements and calculations

5.5 Ipformation needed to assess the efficiency of a pumping’system

5.5.1 |General

After the decision is taken on which pumping systems require further investigation, the following
informdtion from 5.5.2 to 5.5.6 shall be gathered.

The assessment team shall determine the data collection needs for each system being evaluated.

The asgessment team shall maintain quality asSurance in the design and execution of a measurement
plan asfa consistent, repeatable, and reproducible process.

The mepsurement plan shall adhere to principles of safety, transparency, and reliability.

The m¢asurement plan shall include the measurements required to develop an annual energy
consuniption baseline for the pumping system. This is typically done by taking instantaneous flow
pressutje and electrical measurements and determining operating hours at varying system conditions.

Cross-checking should bedone to ensure the data are correct.

5.5.2 |Electrical motor/drive information

Initial otor/dfive information to be collected from the nameplate (if available) or manufacturer’s dat3
sheets ghall include:

a) ling frequency;

b) motor size (rated power);

c) motor rated speed;

d) motor rated voltage;

e) motor full load amps (FLA) - the current to the motor when operating at rated power;
f) motor power rating information;

g) nominal efficiency or efficiency class (if provided);
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motor type and characteristics;
type of drive (e.g. variable frequency drive, belt, gear, direct);

motor history (e.g. original, rewound, replaced).

5.5.3 Pump information

5.5.3.1 Rotodynamic pumps

)
D)
)
1)

m)

['his information should be obtained from the pump nameplate (if available) and any records’®
be kept on file for the pump.

fthe information from the nameplate and records differ, this should be noted and addreSsed lat¢
hssessment of the system. Pump information required (when available) shall include:

type of pump and model;

manufacturer name;

serial number;

customer tag number;

number of stages;

type of drive;

nominal speed - (r/min);

design point (flowrate and head);

impeller diameter (installed and maximum);

pump performance curves, if available, including rated total head, flow, power, efficiency
positive suction required (NPSHR),

maintenance records;
pump cavitation or recirculation problems;

sealing system data.

5.5.3.2 Positive displacement (PD) Pumps

['his information should be obtained from the pump nameplate (if available) and any records t
be keptonfile for the pump.

f the-information from the nameplate and records differ, this should be noted and addressed lat{
hssessment of the system. Pump information required (when available) shall include:

hat may

b1 in the

hnd net

nat may

b1 in the

a)
b)
‘)
d)
e)

type of pump and model;
manufacturer name;
serial number;

customer tag number;

pump description/model number;

© ISO/ASME 2015 - All rights reserved
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f) rated data:
— speed (r/min);
— pressure;
— temperature;

— power;

g) Sychuu data (U})Cl atius L,uuditiuua),

h) relief valve setting;

i) pump performance curves;

j)  majntenance records;

k) pump cavitation, recirculation line, or other operational problems;
|

1) sedlling system.

5.5.4 |Liquid properties information

Requirgd liquid information shall include:

a) narpe of the liquid;

b) dynamic viscosity;

c) tenjperature;

d) derfsity;

e) presence of solids and their characterizatieh;

f) vapour pressure at running pressureand temperature conditions;
g) free gas percentage, when applicable;

h) hagards,

i) inflammability.

5.5.5 |Detailed system-data
Requirgd systems, data information shall include:

a) sysftem layout,

b) unusualoperating conditions;

c) PID diagrams,
d) pump control method:
— variable speed drive (VSD);
— throttled (valve percentage open if available);
— by-pass/recirculation;
— on/off;

— pumps in series or in parallel, or split duty;
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— not controlled (pumps just run).
For rotodynamic pumps, the following additional information shall be collected:
— static head and if possible system curve;
— net positive suction head available (NPSHA);

— load profile. Through discussion with operating personnel, note approximate annual, seasonal,
weekly, and daily operating hours at various flows.

For PD pumps, the following additional information shall be collected:
— discharge pressure;

— suction pressure;

— relief valve set pressure;

— net positive inlet pressure available (NPIPA).

Additional information should be collected on NPSHA for rotodymamic pumps and NPIPA| for PD
bumps, when needed.

b.5.6 Measured data

5.5.6.1 Electrical data
Required electrical data shall include:
— power;

— actual motor voltage and current to calculate power.

5.5.6.2 Operating system data

bufficient operating data should“be collected during the assessment to determine where energy is
pxpanded in the system. This Should include:

— flowrate in each flow circuit of the system;

— as stated;

— pump shaft(x/min), when appropriate;

— controlwalve set points and valve positions

— supply and destination tank levels and pressures

—~installed equipment in operation.

5.6 Data collection

5.6.1 System information

When possible, the assessment team shall identify the system curve of the pumping system. For most
systems, the system curve may be calculated from two different operating points on the curve: the
static head at zero flow and one operating point.

NOTE The system curve is essential for the understanding of the complete pumping system and the

consequences resulting from changes to any part of the system. In some rare cases it is impossible to determine a
system curve; however, the pump operating point can still be determined.
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Demand variations as a function of time shall be established so that the appropriate measurements can
be made.

5.6.2 Measurement of pump and motor operating data
The primary required data to be measured shall be head, flow, power, and operating time.

Ifthe operating conditions of the pumping system are constant or only vary minimally in time, a snapshot
of the operating conditions may be enough to assess the system.

If the system demand varies over time, the assessment team shall determine if the system needs tolbg
monitored over time and what time period is reasonable to getarepresentation of all operating conditions

Operating data may also be used if readily available in the facility process control or database of
historidal operating conditions.

Uncertdinty on measurements and uncertainty on final results should be estimated duping the evaluatior
of the apsessment.

5.6.3 |Pressure

Pressuije measurements should be made using calibrated instruments ‘with the ideal measurement
location) being approximate 2 diameters of straight pipe, from inlet/outlet flanges if available.

To meapure pump efficiency, pressure measurements should be-made close to the pump on both thg
suction|and the discharge side.

When mpneasuring pump performance it is recommended_-that head losses between the suction andg
discharge head measurement points and the pump be estinrated.

For acclirate calculation of the pump total head, the velocity and the instrument elevation shall be taker
into acdount.

5.6.4 |Flow

The system flow rate shall be determined-to establish pump and system efficiencies. Flow rates shall bg
measured using properly sized instriiments, whether it be for an individual pump or total system flow

Measurgments shall be made with calibrated flow meters that are properly installed into the systen
and kngwn to be accurate actoss the range of measured conditions. The flow meter should be installed
accordipg to the manufacturer’s recommendations. When it is necessary to use portable flow meters
verification of the measuréments should be performed by re-installing the flow meter in an alternatg
location or using multiple measurement techniques. Iflarge variations are found, then the measurement;
shall bg considered unreliable.

If the flpw ratéds determined from the pressure drop across a component with known characteristics
or by uging-data from the pump manufacturer’s performance curve, the data should be cross-correlatec
with bdth-pressure and power measurements or by using multiple measurement techniques if there is
doubt abouttheaccuracy of the reasurenments:

5.6.5 Input power

Whenever possible, the input power should be measured directly using a power meter, which should give
the most accurate results. When it is not possible to measure power directly, an acceptable alternative
shall be to measure voltage and current delivered to the motor. Then using the estimated power factor,
the motor input power shall be calculated. If a power drive system is used, the input power shall be
measured before the variable frequency drive.

Electrical measurements shall be performed only by a qualified person.
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5.7 Cross validation

When the needed parameter is not directly measurable, it may be estimated through measures of other
parameters, such as:

— pump head combined with pump head curve to estimate flow rate;

— electric power combined with motor performance curve (or estimates) to estimate shaft power, and
then use the shaft power and pump shaft power curve to estimate flow rate;

— measured valve position and flow rate combined with the valve characteristic curve to gstimate
differential pressure;,

— measured drawdown and fill times, along with well or sump dimensional data te estimate pump
flow rate.

buch estimation methods may be used for preliminary quantification of potential energy [savings
ppportunities and to help determine whether the magnitude of savings is sufficient to warrant|further
nvestigation.

NOTE Itis beyond the scope of this International Standard to detail the-various cross-validation techniques,
but they are vital tools in the assessment and solution development process.

5.8 Wrap-up meeting and presentation of initial findings and recommendations

he presentation of findings and preliminary recommendations shall be conducted as final|step in
fonducting the assessment. This wrap-up meeting shouild be attended by the entire assessmeint team.
During this meeting, outstanding questions and issues from the assessment team should be addressed. The
entative results of the assessment shall be formally-presented and should include but not be limitgd to:

— review of the assessment process used;
— efficiency of the system(s) and compenents assessed;
— tentative recommended improvements, with preliminary energy and cost savings, if available;
— discussion of any further analysis recommended, and;
— any general commentgand observations.

['he results presentedshall be qualified as preliminary, subject to further analysis and refinement. Target
Hates for the deliveny of'a draft and final versions of the written report shall be set by mutual agrgement.

For more information, see Annex B.

b Reporting and documentation

b1 ~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 Annex A.

6.2 Data for third party review

The report or other documentation delivered with the report shall include sufficient raw data from the
assessment so that the analyses performed in 5.6 can be confirmed by a third party. This documentation
shallbestructuredsoitcanbeeasilyaccessed by verifiersand other personsnotinvolvedinits development.
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6.3 Review of final report by assessment team members

Before the assessment report is finalized, members of the assessment team shall review the assessment
report for accuracy and completeness and provide comments. Upon review of the draft report and
requests for modifications, the assessment team shall provide a consensus acceptance, and then prepare
and issue the report in final form.
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Annex A
(normative)

Report Contents

A.1 Executive Summary

['his section shall condense and summarize the report in brief. The executive summaryshall
in overview of:

h)  facility background, products made and energy objectives;

h) objectives and scope of the assessment;

) system(s) assessed and measurement boundaries used;

1) annual energy usage;

b)  performance opportunities identified with associated energy and cost savings;
) estimated energy and cost savings ;

p)  list of recommendations to accomplish the estimated energy and cost savings identified.

A.2 Introduction and facility information

Brief description and background, team and'scope of the assessment shall be included in this se
A.3 Assessment objectivesand scope

dentify the boundaries ofthe specific system(s) on which the assessment was performed and
boundaries were selecteéd. This report section shall include a description of the general appro
methodology used to Conduct the assessment.

A.4 Description of system(s) studied in assessment and significant system i

['he reportishall include a detailed description of the specific system(s) on which the assessm
performed. Depending on the system assessed, the discussion of system operation can be extens
bhould-be supported by graphs, tables and system schematics. Supporting documentation should
neluded to clarify the operation of the system components and their interrelationships.

provide

ction.

[his report section shall contain a brief statement of the assessment’s objectives. The repdrt shall

wvhy the
hch and

Ssues

bnt was
ive and
also be

Any significant system issues shall be described, including an operational review of system. Any
existing best practices found (methods and procedures found to be most effective at energy reduction)

shall be documented.
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A.5 Assessment data collection and measurements

The methods used to identify and interview key facility personnel, obtain data, and conduct
measurements shall be identified, including an overview of the measurement plan. Relevant data for
level 2 and 3 assessments shall include:

— definition of system requirements and a determination of how system operation changes during the
year (drawings, system process data);

— pumptotal head (TH), flow and system estimated curve;

— ele¢trical energy consumption data;

— determination of pump operating hours and flow intervals;
— purpp performance information, when available;

— mepsurement or estimation of system losses.

This seftion should also include a discussion of data accuracy and the need for verification before thg
recommended projects are approved.

A.6 Data analysis

The report shall include the outcome of the measurements and, data analysis in accordance with sitg
specifid assessment objectives, assessment plan of action and{statement of work. Any significant
analyti¢al methods, measurements, observations, and results.ffrom data analysis from completed actior
items shall be documented.

A.7 Annual energy consumption baseline

Ifsufficjentdataexist,theassessmentreportshalleontainthebaseline oftotalannual energy consumptior
for the pumping system. The analytical method-used to develop the annual energy consumption baseling
(see 5.5.1) shall be described. Facility functional and production process observations and informatior
shall bg reported.

The report shall clearly describe the assessment baseline as a basis for both routine and non-routing
adjustnpents. Adjustments are cal¢tlated from identifiable physical facts with respect to changes in thg
physic];ﬁ facility and production-process. The report shall provide sufficient information on the facility
functiopal baseline during the assessment to provide a basis for adjustments.

NOTE 1| Routine adjystments are those energy-governing factors that are expected to change such a
productjon volume variations. Baseline relationships of production dependent and time dependent system energy
consumption are clearly stated.

NOTE 2| Non:routine adjustments are related to factors that are not usually expected to change during the
short-teym.(Factors such as facility size, the design, type and number of production lines involving pumping
systems|anéexamples of non-routine adjustments.

A.8 Performance improvement opportunities identification and prioritization

The analysis shall quantify estimates of energy reduction and energy cost savings from recommended
performance improvement opportunities. Additional calculations may address other energy and non-
energy benefits. The report shall identify the methods of calculation and software models used with
assumptions clearly stated.

Performance improvement opportunities can include those from maintenance improvements;
operational improvements; equipment upgrades and replacement; revising control strategies; process
improvements and change-over; and other actions that reduce energy consumption.
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Details on performance improvement opportunities to be documented and reported shall include a
sufficiently detailed description of the actions required for projectimplementation. To aid in the selection
of projects for implementation, the assessment team should categorize the opportunities identified to
be of high, medium or low priority based on factors such as

— energy and cost savings;
— likelihood of achieving projected savings;

— likelihood of long project life with sustained savings;

— impact to on-going operations;

— changes or modifications necessary for the existing equipment;
— time and cost for implementation;

— complexity of implementation steps;

— potential parallel benefits (e.g. improved profitability, improved reliability and maintenande costs,
improved operations, lower environmental impact).

n the analysis section of the report, the pumping system energy consumption baseline ghall be
pstablished and energy savings opportunities developed.

For all assessment levels, the analysis for energy consuniption baseline development and pyoposed
recommendations should be performed in sufficient detail'to allow facility staff to understand all parts of
he analysis. If software is used, the data entered into the software shall be clearly defined. The sugporting
hinalysis data may include spreadsheets, diagrams, software output screen captures, and calcylations.
[he steps, assumptions and calculations of the apalysis should be presented in a logical detailed format
hat can be understood by other engineering professionals for third party verification if required.

[his part of the assessment may also address other energy and non-energy benefits such as improving
resource utilization, reducing per unit_production cost, reducing life cycle costs, and improving
environmental performance. These benefits can be mutually agreed upon with facility management.

NOTE The amount of detail included in the energy efficiency recommendations vary considerably|for each
ssessment level.

Recommendations are typically classified as operation and maintenance recommendations (OMs) or as
energy conservation measures (ECMs). The recommendations reviewed in this report section ghall be
brioritized in order/based on facility staff acceptance and cost effectiveness. Each subsequent measure
should include thée interactive savings effect of the previously recommended measure. Consideration
must also be given'to projects that may be easily implemented versus improvements that may not be
pasily pursued until facility production lines are out of service.

[he presentation of each measure should be limited to a brief description of the proposed imprqvement
ind astmmary of the benefits. If needed, it is also appropriate to recommend a higher level ass¢ssment
before the measure is pursued.

General observations of non-pumping systemrelated energy saving opportunities should also be discussed.

A.9 Recommendations for implementation activities

Details on performance improvement opportunities shall include the next steps needed to move from the
identified performance improvement opportunities to implementation of the listed measures. Methods
for refining data analysis as needed, and for obtaining reliable implementation cost estimates should be
addressed. Methods for optimizing and maintaining system performance following implementation of
adopted measures should be identified.
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Implementation cost estimates for the performance improvement opportunities, if developed as an
optional activity, are intended to be screening or feasibility estimates and could also include preparing
metrics such as return on investment and payback period.

The assessmentreportshould note that further engineeringanalysis be performed prior to implementing
the recommendations contained in the assessment report.

A.10 Appendices

Information that is lengthy and not required for the presentation of the report should be includeg
in appendices to ensure clarity of the body of the report. Detailed supporting data, such as energy
consuniption calculations, cost savings calculations, and economic analysis, should be referencéd and
includefl in the report appendices.
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Annex B
(informative)

Recommendations on efficient system operation and energy

reduction - Examples

B.1 General recommendations for efficient system operation

[he operating characteristics of pumps should match the characteristics of load and.piping res
50 as to keep the pumps running in accordance with the manufacturer’s specifications.

For any large power system with long operation time, measurement of pressure, flow rate, an
thould be made at relevant points in the system regularly to test the efficiency of operation in
ensure that the system is operated efficiently.

Preferably the pump should operate at the best efficiency point (BEP) and in any case not out
hllowable operating range (AOR) defined by the pump manufactuger (see Figure B.1).

istance,

power
rder to

bide the
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NOTE High pump efficiency does not guarantee high system efficiency, especially if the pump is oversized vs.

the system demand.
Figure B.1 — Example of curves and allowable operating range

The example curve in Figure B.2 shows how fast the mean time between failures (MTBF) falls off when
the pump operating point moves away from BEP.
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B.2:17 General

Key

i\ high temperature rise Curve 1
B low flow cavitation Curvée?2
C low flow bearing and seal life Curve 3
D reduced impeller life X

E suction recirculation Y

i discharge recirculation

; low bearing and seal life

! cavitation

pump curve H(Q)

pump efficiency curve
reliability curve/MTBF

flow in percent of flow at BEP
head in percent of head at BEP

Figure'B.2 — Example of pump reliability curve

Manufacturers normally-indicate a preferable operating region around BEP and sometimes
hllowable operating region. How these regions are defined differ between manufacturers. Carg
be exercised to operate‘as close to BEP as possible. A deviation of -20 % or +10 % from the flow
Could mean that the mean time between failures (MTBF) is cut in half! For pumps with variah
he selection ofithe best efficiency point in relation to the operating range needs careful conside

B.2 System management to ensure economic operation

also an
should
 at BEP
le flow,
ration.

Three-phase asynchronous motors used for driving pumps should be sized to operate at or close to
maximum efficiency for all operating conditions (normally 50 % to 100 % load and 35 % to 100 % load
for high efficiency motors according to IEC 60034 series). For other types of drive, the operating range

should be in accordance with manufacturer recommendations.

Rules for operation management, maintenance and repair should be established.

Operation performance logs and technical archives should be kept and maintained.

Personnel responsible for management and operation should be adequately trained for their positions.
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B.2.2 System management recommendations

Efficient system components should be used and operated in such a way that high system efficiency
is maintained.

For systems operating a long time under part load or having large demand changes, proper measures
should be taken in order to maintain high operating efficiency for all conditions, when itis technologically
and financially practicable.

Process requirements should be evaluated to determine that the system is running efficiently, within
applicable quality, health and safety requirements. If the system is not running within the established
boundafries, a plan for correction should be made and implemented.

B.2.3 [System updating and improvement

For any[system that fails to meet the established efficiency requirements after an assessment, the systen
operatipn should be examined and a report should be produced to document the ¢urrent operation
including: test method and data analysis, efficiency improvement measures, and responsibilities.

This report should be kept in an accessible location.

When gump systems have been installed or undergo updates, an assessuient should be conducted td
establigh base operating conditions.

B.2.4 [Pump system piping

Increasfng the internal pipe diameter is usually the most effective way to decrease the pipe frictiory
losses and the resulting energy consumption. For example,-10 % diameter increase leads to a decreasq
of approximately 40 % in losses for the turbulent flow region. In general, flow velocities should be kept
as low gs practically possible in regard to the liquid material suspended being pumped.

ber of pipe bends should be minimized and'the radius of curvature of turns should be as largg
mically feasible in order to minimizesfriction losses. A minimum of 1,4 times longer than thg

rotodynamic¢ pump

B.3.1 |General

It is important that a thorough understanding of system requirements be established before the
application of any analysis technique. This includes distinguishing between system design specifications
and actual process requirements before evaluating energy savings opportunities.

[t should be understood that once physical or operational changes are made, the system curve may likely
change, resulting in different system requirements and the need for another iteration of system analysis.
Each time the system is modified there is the potential to redefine optimal operation for that system.
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B.3.2 Reduce system head losses

Examples of opportunities to reduce the system head are shown below. This list is not comprehensive.

Rather, it shows some of the most common opportunities identified by experience:
a) remove/reduce unnecessary throttling and/or recirculation flows;
b) clean or perform maintenance on fouled components such as heat exchangers;

c) isolate flow paths to non-essential equipment or equipment that is not operating;

1) maintain proper fill and venting of elevated sections of pipe;
) reduce/remove sediment and scale build-up in pipelines, heat exchangers, and process.comg
') donotemployan air gap between pipe discharge and receiving tank when isolation is not neq
m) adjust flow rate to meet process demands without exceeding them;

k) maintain the design pumping temperature when pumping viscous prodiicts;

) separate secondary systems thatdemand very low flow rates withahead much higher thanr
by the main system.

B.3.3 Reduction of system flowrate

Rather, it shows some of the most common opportunities:identified by experience:

) maintain the optimum differential temperatures in heat exchanger applications, pr¢
considering exchanger design efficiency;

) isolate unnecessary flow paths, unnecessary pump recirculation and leaking valves, check
minimum flow valves;

) reduce the flowrate in the batch processes that are basically fill and drain, as long as it d
create an unacceptable change)to the production schedule;

m) turn off pumps when flow:is not needed.

B.3.4 Ensuring that components operate close to best efficiency

bubstantially depending on where they operate on their respective curves. As a rule, motors

BEP (see Figure B.2). Operation away from BEP quickly reduces pump efficiency and reliability.

n efficiency.

onents;

essary;

pquired

Kxamples of opportunities to reduce the system flow rate are shown below. Thislistis not comprehensive.

pferably

valves,

oes not

'he operating efficiencies of the various components that comprise the pumping system can vary

should

pperate where’their efficiency curve is flat. Rotodynamic pumps should preferably be operated |close to

t shaouldvalso be noted that different types of electric motors and other drivers can differ substpntially

OTE EXxcess system energy consumption can occur when installed equipment 1S operated away

rom the

best efficiency point. There are many possible reasons but most of them are related to changes from projected
specification, change in system requirements; all of them will lead to less energy efficient systems. Some of the

more common factors, are listed below:

— during the initial design stage of a system and before the system has been in operation, there are many
uncertainties. Selection of equipment tends to be conservative and this in addition to service factors and

design margins will often result in oversized systems,

— systems designed for excessive requirements;

— when the actual system requirement is considerably different than the pump capability, the system efficiency

will inherently suffer (and, it might be noted, so will reliability);

© ISO/ASME 2015 - All rights reserved

31


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2015.pdf

ISO/ASME 14414:2015(E)

— changes in system conditions, either due to changes in requirements or aging of the system itself or due to
changes of specific component and equipment;

— lack of understanding that energy consumption might accounts for largest cost when it comes to make
decision in new investments and therefore installing equipment with higher life cycle cost than possible.

B.3.5

Change pumping system run time

Opportunities based on changing system run time are often used where the system requirement is
dominated by friction head. Such uses include, but are not limited to:

— putpps/lift stations,
— sysftems with electric rates that change based on time of use or have a demand component,

— sysftems that run when the process is not operating. Often a recirculation loop is employed rathei

th

— systems with multiple parallel pumps that are running more pumps than negcessary to fulfil thg

prg

A good practice to enhance pumping efficiency is to monitor specific energy (see Annex F).

In mos

involviLTg storage, for example filling up tanks in industrial applications, pumping down wet wells o}

filling
the wet
hand lo

In inst3
hence c

In many
pumps

involving cooling towers and chillers. The gperators are not switching pumps off when they could b

turned
the ten]

lower than optimal, the flow rate is tgo high. In such a situation, one or more pumps could be turned off

orthec

B.4 E

rotodynamic pumps

B.4.1

B.4.1.1

turning a pump off when flow is not needed,

cess demands.

[ instances pumping capacity is larger than needed. This is especially true in application;s

p reservoirs in municipal applications. The pumps are started and stopped by the liquid level iy
well or the tank/reservoir. Lower flow rates will mean an increased run time but on the othel
wer flow rates will result in savings due to the reduced\friction losses.

llations with high demand changes lowering flow~rates could mean lower power demand ang
bst savings can be achieved. (This does not always mean that energy savings are achieved).

r applications pumps may run longer than necessary. Examples of such applications are multiplg
running in parallel and producing more flow than necessary. This is not uncommon in applications

pff, but let them run even if they arénot needed. This situation can be recognized by measuring
perature difference over the cooling tower/ heat exchanger. If the temperature difference is

apacity might be lowered byychanging the speed of the pump(s).

xamples of basic energy reduction opportunity calculations for

Calculation of existing and post assessment energy consumption

General

The obj

4

evaluating the operation of the existing system, identify possible reductions in system head, flow rate,
and run time, and running the system components closer to their optimum conditions.

32
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The hydraulic power imparted to the liquid by the pump is as shown in Formula (B.1)

_ _QHp
W 367000

(SI units) or P, = % (US units) (B.1)

where
Py, is the hydraulic power supplied by the pump expressed in kilowatts (kW);

n 1S fhﬂ F]f\‘lll rate DV“I"DCCD!" imn P'I'I}'\if‘ metore nor }'\f\ll'l‘ rm3 /]’\\ or r‘ra”nn nerminute (rn‘\w)-
X I 3¢ r \S 7 =7J o r ol 4

H is the total head, at flow rate Q, expressed in meters or feet);

p is the liquid density expressed in kilogram per cubic meter (kg/m3) or poung per cubic foot
(Ib/ft3).

['he electrical power Pe required to support the pumping system operation is shown in Formulq (B.2)

P, = P—W (B.2)
Nplm'p

where

np  isthe pump efficiency;

nm  is the motor efficiency;

np  isthe drive efficiency (if no drive installed set np to 1).

[0 optimize pump systems, the following operations are performed:

— minimization of the flowrate;

— minimization of the pump head;

— optimization run time;

— maximization of the component efficiency.

mprovements can be accomplished using existing equipment. Additional savings can sometjmes be
hchieved through equipment replacement.

B.4.2 Example
['he followifg example demonstrates the calculations to determine:

— inifial power consumption;

- power consumption after making improvements in operation;

— power consumption after replacing components.

Figure B.3 illustrates a transfer liquid system from Tank A to Tank B. A recirculation line maintains
constant pump discharge pressure. A level control valve maintains constant level in Tank B: 4,5 bar (65
psi) upstream of the pressure reducing valve. The pump is direct motor-driven.

The following data are recorded:

— liquid: water temperature 20 °C (68 °F) and density 998,3 kg/m3 (62,32 1b/ft3)
— plant electric cost: $ 0,10/kWh

— measured flowrate: 450 m3/h (2 000 gpm)
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— measured process flowrates: 340 m3/h (1 500 gpm) to tank B, 110 m3/h (500 gpm) recirculation
by-pass

— measured pump total head: 46 m (150 ft)
— Pa78kW
— motor efficiency: 94 %

— 6132 h (70 %) annual operation

2
X
1 ®
Key
1 tank A
2 tank B
P pressure control
L level control

Figure B.3 — Example of simplified flow diagram

This expmple consists of the following steps:
a) to determine annual power consumption arid annual operating cost.

Figure B.4 illustrates the curve of the pumpt
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Figure B.4 — Example of;pump operating curve (as found flow rate of 450 m3/h)

he power consumption, calculated using Formula (B.2), is 82,9 kW.
[he pumped system ntins 6 132 h/y (0,7 x 8 760 h/y).
[he annual operating cost, AOC, is calculated as follows:

AOC:82,9kW><6132£><0,10i:50830E (B.3)

y kWh y

b) to-determine present system demand

he result of data provided shows that:

— present system demand is 340 m3/h;
— bypass flow of 110 m3/h can be eliminated to save energy.

c) to determine current annual power consumption and annual operating cost without component
replacement

Eliminating the bypass flow results in:
— flowrate: 340 m3/h;

— head: 48,7 m;
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— efficiency of 62 %.

The power consumption, calculated using Formula (B.2) is 77,3 kW. The annual operating cost is $47 400.
Pump Modifications

Further savings can be achieved by acting on the following additional data collected after the first analysis:

— control valve differential pressure can be reduced from 1,75 bar down to 1 bar;

—  impete + HYO
efficiency of 65 %.

The resjulting power consumption P, calculated using Formula (B.2), is 63,5 kW. The annual operating
cosft is $ 38 930.

d) to fletermine annual power consumption and annual operating cost of the system*considering
component replacement

Installihg variable speed drive to existing pump results in:
— 1,5B0 r/min for 340 m3/h;

— hedd: 379 m;

— puinp efficiency of 66 %.

The resjlting power consumption Pe, calculated using Formulay(B-2) is 59,5 kW.
The anfual operating cost is $36 490.

Purchage new pump for current demand:

— floyrate: 340 m3/h;

— heqd: 41,9 m;

— puinp efficiency of 84 %;

— motor efficiency of 94 %.

The resulting power consumption Pe, calculated using Formula (B.2) is 49 1 kW. The annual operating
costis § 30 110.

Table B|1 gives the summary of the calculated energy reduction.

Table B.1 — Summary of the results

Cpnditiona Flow | Head | Pump efficiency Power consumption Operating cost
m3/h | m % kW/h $

As fountt 456 465 73 82-9 50836
Eliminate by-pass 340 48,7 62 77,3 47 400
Trim impeller 340 41,3 65 63,5 38940
Add variable frequency | 340 379 66 59,5 36 490
drive b

New pump 340 41,9 84 49,1 30110

a  All examples use the following system conditions: 20°C water, motor efficiency 94 %, power cost $0,10/kWh, 6,132
h/year operation

b The efficiency of the variable frequency drive is 95 %, as specified by the manufacturer.
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B.4.3 Secondary systems: sealing systems

Sealing systems can be another cause of excessive energy consumption. The excess energy related to
the use of inappropriate seals or seal support systems, may consume large amounts of energy and other
utilities. Further inspection by a specialist is recommended, see Example.

Further inspection by a specialist is recommended, see Example.

During operation the sealing assembly (mechanical seal and seal support system) contributes to the
total energy consumption of the pump-sealing assembly mainly due to the friction and viscous shear
bf the fluid in the seal chamber (also known as frictional losses), and the energy consumptien of the
beal support system which is implemented in order to maintain an acceptable environment'in the seal
chamber. In certain applications the energy consumption level of the support system can be equal to or
bven greater than that of the pump drive.

Table B.2 provides an example of qualitative assessment of the energy impact ofidifferent cojmmonly
1sed seal piping plans (see API 682).
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Table B.2 — Example of energy impact based on API 682 seal piping plans

Basic seal API Lo Efficiency losses Comments
Description
arrangement | Plan Thermala | Electricalb | Waterc
01 Internal recirculation from 0 2 0
discharge to seal
02 Dead end, no recirculation Thermal energy losses
may occur and water
0 1 0 may be consumed if
The seal chamber 15
designed with cooling
or heating jacket(
11 External recirculation from 0 2 0
discharge to seal
13 External recirculation from 0 2 0
seal to suction
14 External recirculation from 0 2 0
discharge to seal to suction
21 External recirculation from May consume a high
discharge through a cooler to amount of thermal
seal 3 2 1 energy when cooling
the process medium is
required
Single mechani- |23 Internal recirculation from Is the most effective
cal seals|and the seal to cooler and back to seal 2 1 1 when cooling of the
inboard peal of process medium is
dual ungressur- required.
ized seals - )
31 External recirculation from
discharge through cyclone 0 2 0
separator to the seal
32 Flush fluid is injected to the May consume the high-
seal from external source est amount of thermal
energy to replace the
process fluid heat
3 1 3 lost by injecting the
cooler external fluid.
If plan 32 used in cold
application, the then no
thermal impact
41 Recirculation from discharge May consume a high
throughcyclone separator and amount of thermal
coaléy to the seal 3 2 1 energy when cooling
the process medium is
required
62 External atmospheric quench If seam isused as a
1 1 1 quench fluid, the ther-
mal loss may be signifi-
cant if not controlled

a  Thermal losses refer to cooling of the flush or barrier fluid, lost and recovery process heat and energy required to|
separate diluents.

b Electrical losses refer to additional electrical power absorbed by the seal face (value of 1) and flow loss of the pump due
to recirculation (value of 1).

¢ Water losses refer to the water consumption to operate the piping plan. Air cooling may be used to avoid cooling water
usage.

0 noimpact on efficiency

minor impact on efficiency

1
2 moderate impact on efficiency
3

major impact on efficiency
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Table B.2 (continued)

Basic seal API L Efficiency losses Comments
Description
arrangement | Plan Thermala | Electrical> | Waterc
53 Pressurized external barrier May consume a low
fluid reservoir supplies clean 1 1 1 thermal energy when
fluid to the seal the temperature of
54 External barrier fluid system the process medium is
supplies clean fluid to the seal ) ) ) higher than the tem-
I‘E‘udl pressurized atpressuretigher tiamrseat pn':nf"rp ofthgbarrier
echanical seals chamber pressure fluid
74 Externally supplied barrier Electrieal energy
gas to seal at pressure higher consumed in tHe pro-
than seal chamber pressure 0 0 0 cessing of the rfitrogen
barrier gas is cpnsid-
éred negligible
52 Unpressurized external buffer May consume g low
fluid reservoir supplies clean thermal energy when
fluid to the seal the temperatute of
1 1 1 the process me(dium is
higher than thq tem-
F:ual unpressur- perature of thelbarrier
ized mechanical fluid
eals
72/  |Externally supplied gas buffer Electrical energy
75/  |for arrangement 2 seals. consumed in tHe pro-
76 Buffer gas pressure is lower 0 0 0 cessing of the 1jitrogen
than the process side pressure barrier gas is cpnsid-
of the seal ered negligible

Thermal losses refer to cooling of the flush or barrier.fluid, lost and recovery process heat and energy required to
eparate diluents.

Electrical losses refer to additional electrical powerabsorbed by the seal face (value of 1) and flow loss of the pjump due
o recirculation (value of 1).

Water losses refer to the water consumptien.to operate the piping plan. Air cooling may be used to avoid coolihg water
sage.

no impact on efficiency
minor impact on efficiency

moderate impact on efficieney

w N =k O

major impact on efficiency

For some pump system applications, the selection of the seal support system is a major contribputor to
he overall pumpsystem energy consumption:

EXAMPLE Water based abrasive slurry. This application involves a single stage end-suction, overhying, foot
mounted slurey pump (OH1) which is pumping a water based black liquor slurry in a paper mill at 75 ° C [170 °F).
[he punap shaft speed is 3600 r/min, the pump shaft diameter is 50 mm (2.00 in.), the seal chamber pr¢ssure is
B45 kRag (50 psig), and the pump driver would consume 37 kW (50 hp). One common method of sealing the shaft
s either packing with a lantern ring, or a single mechanical seal using Plan 32, both with a 1,9 Ipm (0,5 gpjm) clean
ivater flush at 10 °C (50 °F) is applied. The net energy consumption of these sealing systems is 84 kW [113 hp)
primarily due to the need to heat and evaporate the water diluent in a downstream process that was introduced
through the flush. An alternative sealing system for this slurry application would be the use of a dual pressurized
seal with an API piping plan 54 to circulate a clean barrier fluid through the cavity between the inboard and
outboard seals. This seal and system approach reduces the sealing system energy consumption to 3,9 kW (5.2
hp) which results in an energy savings of 80,1 kW (117,8 hp). Even if a switch to a dual pressurized seal were not
practical, a reduction in flush flow rate through the use of a close clearance bushing or a different placement of
the lantern ring for the packing arrangement can easily cut the required flow rate down to 0,4 Ipm (0,1 gpm) with
areduction of energy consumption of 67 KW (90 hp).
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B.5 Explanation of basic energy reduction opportunity calculations for positive

displa

B.5.1

cement pumps

General

Positive displacement (PD) pumps have very different characteristics than rotodynamic pumps and in
many applications low energy consumption has been a primary driver of their initial selection. Due to
the differences in PD pump characteristics, the recommended control logic is different from that used
with rotodynamic pumps.

Closely
the opt

When e
— PD
— floy
hig
Sys
— floy

— rul

— PD

matching the positive displacement pump performance, the process requirement approachej
mal energy consumption.

valuating systems, the following is valid for PD pumps:
pumps at constant speed are constant flow devices;

v varies with viscosity and pressure changes due to “slip” which is fluid internally returned fron
h pressure to low pressure region of the pump (suction). Slip flow is minorand can be ignored iy
tem energy evaluations;

v variation with pressure change is much less than for rotodynamic-pumps;
s for positive displacement pumps are:

flow rate varies directly with speed,

power requirement varies directly with speed,

pressure differential is determined by the system hydraulics,

both flow and power increase with a viscosity increase,

pumps generate pressure to meet systém’requirements, dead heading and discharge throttling

sh

shduld not be an energy issue unless the unit is improperly sized and is recirculating through thg
relief valve.

— PDJpumps are not head producing devices and are rated and calculated directly based on pressure

dif

Head td

P:

where

uld not be practiced. Safety requiresapressure relief device in downstream of the pump but this

erential and not head.
pressure relation i§ ¢alculated using Formula (B.4):
Hpg =10 5S1) or P =12{% (US) (B.4]

15 the pressure expressed in bar (bar) or pound per square inch (psi)

H is the head expressed in meters (m) or feet (ft)

40

is the density expressed in kilogram per cubic meter (kg/m3) or pound per cubic foot (Ib/
ft3)

is equal to 9,81 m/s2 or 32,2 ft/s2
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The hydraulic power imparted to the liquid by the pump is calculated using Formula (B.5):

p _QAp

_QAp
=2 (SDor P, RTIv (US) (B.5)

where

Pw is the hydraulic power supplied by the pump expressed in kilowatts (kW) or horse-

power (hp);
Ap is the difference of pressure expressed in bar (bar) or pound per square inch (psji);
Q is the flow expressed in cubic meters per hour (m3/h) or gallon per minute (gpm);

[heelectrical powerrequired to supportthe pumping system operationis calculated using Formuja (B.6):

_PW+PI

P, (B.6)

LAY UMD

where
P. isthe electrical power input expressed in kilowatts (kW3'ap horsepower (hp);

P;  isthe internal power losses which are mechanical and viscous, expressed in kilowattg (kw)
or horsepower (hp);

nm is the motor efficiency when supplying the power required by the pump at flow rate Q|
np is the drive (belt, adjustable speed, gear, €te.) efficiency;

Pump internal power losses are those from mechanical friction, internal recirculation and the|viscous
osses from the drag effect on parts in the liquid flow path. An estimation of these values can be optained
from the pump manufacturers.

Driver size is based on maximum viscosity and pressure differential.

PD pumping systems are deemed to be operating at the optimal performance level when the|system
functional requirements aresmet with:

— minimum demand flow rate,

— minimum demdnd differential pressure,
—  minimumaun time,

— maximium component efficiencies.

[he eptimal hydraulic power added to the system is the value calculated with the above conditions
nsérved into Formula B.12 and the optimal electrical power is calculated (Formula B.13) uging the
ptimal hydraulic power and the best available pump, motor and drive efficiencies.

As prescribed in this International Standard, the assessment should establish a baseline of total annual
energy consumption for the pumping system(s) assessed.

B.5.2 Example

B.5.2.1 Existing conditions (see Table B.3):
A system transfers liquid from tank A to tank B (see Figure B.5).

All flow goes to tank B.
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Tank B

B.5.2.2

is always full and excess flow returns to tank A.

Improved conditions (see Table B.3):

A recirculation line is installed to maintain the constant flowrate and to supply demand flow.

Energy

is saved since less liquid is forced through the feed line to tank B, thus lowering friction losses

No discharge throttling can be used. The pump is directly driven by a motor (without gear, belt, or

variabl

speed drive)
r J

B.5.2.3
— the
— the)
— me

— opf]

putpped through the by-pass line directly back to tank A

— me

— opt
bei

— me
The sy

NOTE
viscous,

Key

Main features of operating conditions are:
system liquid has a specific gravity of 0,85 and the facility average electric costrate is $0,05/kWh|
liquid is turbine lube oil with viscosity of 90 cSt (420 SSU) at 40°C (104 °F),
hsured pump flow rate: 450 m3/h (2000 gpm),
imal flow rate: 340 m3/hour (1 500 gpm) going to tank B. 110 m3/h (484\gpm) is over-flowing o}

hsured pump outlet pressure: 4 bar (60psi),

imal pump outlet pressure at the reduced flow (optimal flojvrate) to tank B (total pump flow
hg the same): 2,7 bar (40 psi),

hsured electric power: 73,4 kW
tem operates at the above conditions 70 % of thetime.

This example, while similar to the rotodynamic example, uses a liquid that is considerably morg
so results cannot be compared and are useful only to illustrate the concepts presented.

tank A
tank B

level control

Figure B.5 — Simplified Flow Diagram for Table B.3

Table B.3 gives the results of first analysis.
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Table B.3 — Actual existing (oversized) vs. proposed improved system flow results

Flowrate Outlet Pump Motor Electrical Annual | Annual
. m3/h (gpm) | pressure power efficiency power energy energy
Condition . . .
bar (psi) input o input MWh cost
kW 0 kW $1,000
Existing system | 450 (2 000) 4,0 (58) 73,4 94 78 4789 23,9
Improved 450 (2000)
system whereof 2 7 (40) 557 Q4 59 3633 18,2
340 m3/h to <7
tank B
Potential savings — 1,3 (19) — — - — 57
"Ratio of optimal power/measured power 0,76 ~ -

IEOTE Pump operating at same speed and flow but delivered flow to tank B is reduced to 340 m3/h* (1500 gpm), due to the
y-passing. The pressure is reduced from 4 bar (58 psi) to 2,7 bar (40 psi) due to the lower pressute.drop in the recifculation

valve controlled loop

Close by-pass line.

tank A
tank B

level control

B.5.2.4 Optimised conditions (see Table B.4):

Add variable frequency drive to control flow to meet demand.

oSl

variable frequency drive

Figure B.6 — Simplified flow diagram for Table B.4

[ransitioning to a VSD allows the tank B level controller ta'set'the speed of the tank A pump to match the
process demand and to save the energy consumed by thexecirculation control loop as well as minimising
he system losses between the tanks (see Figure B.6):

Table B.4 gives the results of second analysis:
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Table B.4 — Optimal system flow results vs. flow matched to system without recirculation control

Flowrate |Operating| Pump Motor Variable | Electric | Annual | Annual
. 3 speed power | efficiency |frequency| power | energy | energy
Condition | m*/h (gpm) input % drive kW MWh cost
) kW efficiency $1000
r/min

Improved 450 (2000)
system: whereof 340
2.7 bar (1500) to 1200 55,7 94 _ 59 363,3 18,2
(40 psi) tank B
Optimided
system
reduced
speed/flow/ 340 (1500) 925 39,4 92 96 44,6 273,5 13,7
pressure: 2,7
bar (40 [psi)
Potentigl Savings
savings 16,3 115.6 relative
existing vs - - 22 % - - p ’ existing:
improved 57
Potential 34 Savings
savings i ) o i ) ) relative
optimallvs 46 % 2054 existing:
existing 10,2

Beyond|these special considerations the methods used in B.4.can be considered.
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Annex C
(informative)

Expertise, experience and competencies

(.1 Systems

['his section identifies the areas of expertise/experience relevant to be mastered by the assess
respect of the system and the liquid pumped.

— Pump system energy basics:

— System performance characteristics:

C.2<-"Pumps

Assessors should be familiar with pumping systems which can includea wide variety of
and equipment including process units, tanks and pressure vesseéls. The type and nu
pumps and drives installed will also vary according to the system being assessed.

Assessors should be familiar with pumps, drives, control yalves, process components ang
to determine the factors for each system component thatcontribute to the energy consy
of the system.

Assessors should be familiar with how the physical properties of the process liquid ef

or(s) in

facility
mber of
be able

mption

fect the

pumped system including, density, viscosity and vapour pressure and how these physical

properties affect the operation of the various components found in a pumping system.

Assessors should be familiar with-all the different elements of head, such as total hea

1, static

head and friction head, and be(able to determine each of them for any given system. They

should also be able to generate and understand a system curve and be able to underst
operational envelope overtime (duration diagram).

Assessors should be proficient in determining the friction head losses for all componen
system being assessed using the various methodologies for determining friction head 1

Assessor should be capable of establishing the system demand and profile.

Assessorg~should be capable of optimising velocity within the system considering
consumption, liquid dynamics and system demand.

Assessors should be capable of determining the system characteristics for parallel an
pumping configurations

and the

s of the
DSS.

energy

1 series

This section identifies the areas of expertise /experience relevant to be mastered by the assessor/s with
regards to the aspects of the pump characteristics and liquid influences relative to the hydraulics of the
pump and the effects on the system.

— Liquid energy basics

— Assessors should be capable of determining the various components of energy, including
pressure, geodetic head, flowrate and velocity head, and how they relate to Bernoulli’s principle.
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— Assessors should have the ability to determine the variance of the liquid properties e.g. density,
viscosity temperature etc.

— Pump characteristics:

— Assessors should understand pump performance characteristics and their interaction with
the system. Such characteristics include, head, flow, power, efficiency, NPSHA/R, pump affinity
laws and their mathematical relationships.

— System characteristics and impact on pump behaviour:

— | Assessors should be capable of determining such changes that may be required to optimize thg
type of pump and selection for the system in question.

— | Assessors should understand the performance characteristics of parallel and seriés pumping
applications and their interaction with the respective systems, at nominal speed or variable speed

— Data gathering

— | Assessors should be capable of undertaking (after identifying the systenrboundaries) a review
of the pumping systems prior to the physical measurement to establish the priority and the
measurement requirements

— | Assessors should be capable of undertaking accurate andctepeatable direct or indirect
measurements of the pump parameters, driver (electric or.6therwise) and system operationa
characteristics.

C.3 Motors and drives

This sybclause defines the areas of expertise and .knowledge relevant to be mastered on motol
characteristics, power factor corrections, variable speed drives (mechanical and electrical) and thei
effects pn rotodynamic pumps. Assessors should have an understanding of:

— mofor performance characteristics incliding various options for starting including soft starter
staf/delta, auto-transformer and via-a\variable speed drive. The assessor should also be familiai
with the torque/speed relationship imposed on the motor by the pump during start up and how tg
endure that this is optimised for ¢orrect motor selection.

—

— trahsmissions such as gearbaX, belt drives, liquid or magnetic couplings.
— the|different types of variable speed drives and their performance and efficiency characteristics.

— the|factors involved in matching the pump, system and drive. A knowledge of high and low stati
hedd systems anid their impact on the speed at which the pump is driven is essential.

C.4 Analysis‘and reporting

This supclause defines the expertise relevant to be mastered on the analysis of the measured field
data to form the basis of a logical and coherent report, with the objective of identifying energy saving
opportunities within the pumping system, as described in Annex A.

— Assessorsshould be experienced in analysing the gathered field dataand be capable of understanding
the interaction between the various components within a system including the pump(s), process
components and control components. These include the performance and system characteristic
curves, and also have expertise in the assessment of time based variations and their impact on the
system characteristic.

— Assessors should be able to define the performance and system characteristic curves, and the
influence of demand variations on systems.
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— Assessors should have experience and knowledge of the various components found in a system in
order to determine their impact on the system efficiency.

— Assessors should be able to analyse the energy implications of system control philosophy.
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itware should have generic pump and motor algorithms within its database to compalre thg

Annex D
(informative)

Recommended guidelines for analysis software

e it with the current process data and identify where energy savings can be made.

data to best available data.

thodology to analyse a system should be documented identifying the source of“data and thg
s and methods used to arrive at the conclusions.

rhodology employed regardless of means (hand calculations, spread sheet, ' ePcomputer software]
factor the following:

e analysis software should be transparent in identifying the\source of data within thg
bedded algorithms:

Process data:

— Liquid properties: liquid name, temperature,~density (specific gravity), viscosity
calculated NPSHA/R

— Static head: liquid level in source and destination, pressure on liquid surface source andg
destination

— Processelement(s): manufacturer,identification, designed differential pressure, operationa
differential pressure, flowrate.

Nameplate data:

— Pump: manufacturer’scdescription (type, size, number of stages), pump curve, rotationa
speed, fixed or variable speed.

— Motor: manufacturer, NEMA/IEC frame size, power, number of phases, frequency, speed
voltage, full lead apps, power factor, NEMA/ISO nominal efficiency or efficiency class|
guaranteed-efficiency.

— VSD: nmranufacturer, efficiency.

— Control valve element: manufacturer, valve model, size, characterization, pressure rating
direction of flow, control valve data supplied by manufacturer.

Operating data:

— Pump:suction pressure, discharge pressure, flow rate, nominal speed (r/min), and efficiency
from pump curve.

— Motor: power consumption, line voltage, line current, power factor and efficiency under
operating load.

— VSD: efficiency at load conditions.

— Control valve element: valve position, differential pressure.

b) Determination the actual energy consumption of the various elements based on current operating

sys
48

tem conditions
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c) Determination the optimum system operating conditions along with the corresponding energy
consumption.

d) Cross validation the results to determine the energy into the system and energy consumed by the
system is equal.

e) Identification of potential energy savings determined from the collated data and quantified by using
unit costs of energy.
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